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General Abstract

Previous research suggests that facial characteristics associated with body
mass index (BMI) play an important role in health and attractiveness judgments
of faces. However, very little work has investigated the factors that predict
individual differences in preferences for facial cues of adiposity or how these

individual differences are related to social outcomes.

In light of the above, the first two empirical chapters of this thesis investigated
the relationships between individual differences in preferences for facial cues of
adiposity and (1) the BMI of men’s and women'’s actual romantic partners and
(2) disgust sensitivity. Analyses suggested that people with particularly strong
preferences for slim-looking faces were more likely to have partners with low
BMI and that men, but not women, who scored higher on pathogen disgust

showed stronger aversions to faces displaying cues associated with high BMI.

The third chapter investigated how people integrate information from shape
cues of adiposity and information from skin color when judging the health and
attractiveness of faces. Analyses showed that preferences for cues of low BMI
were particularly strong when assessing faces displaying skin color cues
associated with the absence of illness. These results suggest that integrating
information from shape cues of adiposity and information from skin color could
allow people to distinguish between individuals with low BMI because they are

healthy and those with low BMI due to iliness.



Most research investigating the role of facial cues of adiposity in social
perception has focused on the possible role of facial adiposity as a health cue.
However, it is also possible that facial cues of adiposity contain other types of
information, such as information about a person’s reported sociosexual
orientation (openness to short-term, uncommitted sexual relationships). To
explore this issue, the fourth empirical chapter of my thesis investigated the
relationship between facial correlates of BMI and women’s sociosexual
orientation. Although analyses suggested that slimmer women reported greater
openness to short-term, uncommitted sexual relationships, the observed
relationships were weak and, thus, unlikely to play an important role in social

interactions.

Together these studies support the claim that responses to facial cues of
adiposity are related to romantic partner choice and function to distinguish

between healthy and unhealthy individuals.
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Chapter 1: Introduction

How does facial attractiveness influence behaviour?

The human face and the remarkable face processing abilities of humans have
been sources of great interest within the fields of philosophy, psychology, and
science for centuries. For many years, researchers from these fields generally
shared the view that facial attractiveness is determined by arbitrary cultural
conventions (Berry, 2000; Etcoff, 1999). This view was even endorsed by
Darwin based on his observations of large cultural differences in beautification
practices (Darwin, 1871). While there is indeed evidence for social transmission
of face preferences and cultural influences on facial attractiveness judgments
(see Little et al., 2011a for a review), several studies have reported cross-
cultural agreement regarding which faces are attractive (Langlois, 2000; Perrett,
1998; Rhodes et al., 2001; but see also Jones & Hill, 1993 for weaker
agreement). Other work suggests that some aspects of face preferences
emerge early in development prior to assimilation of cultural standards of
beauty (Geldart et al., 1999; Rubenstein et al., 1999; Samuels et al., 1994;
Slater et al., 1998, 2000). Consequently, many researchers have attempted to

establish what makes a face universally attractive.

It has been argued that attractiveness cannot be reduced to a single principle
(e.g., mathematically harmonious proportions; Armstrong, 2004). Instead, facial
attractiveness appears to be determined by the interplay of a multitude of
components, such as averageness, skin coloration, symmetry, sexual
dimorphism, demeanour, youthfulness, and grooming behaviours (Berry, 2000;

Cunningham, 1986; Etcoff, 1999; Little et al., 2011b; Thornhill & Gangestad,

10



1999). Should the perceiver know the identity of a face, attractiveness may also
be influenced by nonphysical characteristics (e.g., how much one likes the

individual, Kniffin & Wilson, 2004).

Just as a person’s likeability may influence perceptions of their attractiveness,
research into the “what is beautiful is good” stereotype has shown that attractive
faces elicit positive personality attributions (Dion et al., 1972; Eagly et al., 1991;
Langlois et al., 2000). Moreover, attractive faces activate reward circuitry in the
brain (Aharon et al., 2001; O’Doherty et al., 2003) and motivate sexual behavior
and the formation of same-sex alliances (Berscheid & Walster, 1974; Feingold,
1990; Rhodes et al., 2005; Thornhill & Gangestad, 1999). In light of these
findings, it is hardly surprising that facial attractiveness has important social
outcomes in a variety of settings. In terms of employment-related outcomes,
facially attractive people are more likely to succeed in mock interviews (Cash &
Kilcullen, 1985), be hired for actual jobs (Chiu & Babcock, 2002; Marlowe et al.,
1996), and earn higher salaries (Hamermesh & Biddle, 1994). Indeed, research
points towards a link between facial attractiveness and upward economic
mobility, particularly for women (Elder, 1969; Holmes & Hatch, 1938). Despite
some evidence suggesting a decrease in workplace attractiveness biases at the
turn of the 21° Century (Hosoda et al., 2003), findings from recent studies
suggest that positive discrimination towards facially attractive individuals is an
ongoing occurrence in the labor market (Berri et al., 2011; Fletcher, 2009;

Mobius & Rosenblat, 2006).
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In addition to achieving higher occupational success, evidence suggests that
facially attractive individuals are also more successful in the political arena.
Studies conducted in the laboratory and studies of real voting behavior yield
similar results, whereby physically attractive candidates are more likely to be
elected than relatively unattractive candidates (e.g., Banducci et al., 2008;
Berggren et al., 2010; Budesheim & DePaola, 1994; Rosenberg et al., 1986).
Although this phenomenon has typically been attributed to the halo effect (i.e.,
the automatic tendency for people to ascribe positive personality traits to
attractive individuals; Dion et al., 1972), some researchers have suggested that
preferences for facially attractive leaders are potentially related to disease-
avoidance mechanisms (see e.g., White et al., 2013). Consistent with this
explanation, White et al. (2013) found that experimentally priming concerns
about infectious disease leads people to place particularly high importance on

facial attractiveness in political candidates.

Alongside influencing electoral outcomes, facial attractiveness also appears to
influence the social-decision making process behind economic outcomes.
Research suggests that people are more willing to cooperate with facially
attractive individuals than with relatively unattractive individuals (see Langlois et
al., 2000, for a meta-analysis). This finding translates into the domain of
economic games, with several studies reporting that people are more
cooperative with, and generous towards, physically attractive partners
(Andreoni & Petrie, 2008; Hancock & DeBruine, 2003; Solnick and Schweitzer,
1999). Similarly, Wilson and Eckel (2006) found that people expected attractive

participants to be trustworthy when playing a trust game, resulting in greater
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placement of trust in attractive partners relative to unattractive partners. By
contrast, studies using a prisoner’s dilemma game have found that facial
attractiveness is negatively related to young men’s, but not women’s or older
men’s, cooperative tendencies (Shinada & Yamagishi, 2014; Takahashi et al.,
2006). Takahashi et al. (2006) suggested that, given physical attractiveness is a
key determinant of reproductive success in short-term mating, less attractive
men with lower short-term mating success may need to adopt an alternative
mating strategy whereby increasing their cooperation allows them to

accumulate resources.

Why might facial cues of health be important for attractiveness?

By forming affiliations with healthy social partners and selecting healthy mating
partners, people maximise their reproductive success in a number of ways. For
example, choosing to interact and mate with healthy rather than unhealthy
individuals decreases the likelihood of contracting infectious illnesses (for
oneself and offspring) and increases the likelihood that offspring will inherit
pathogen-resistant genetic material (Zuk, 1992). Given the importance of health
in maximising reproductive success, it has been suggested that phenotypic
markers of good health are generally perceived as attractive (Rhodes et al.,
2005). Consequently, many researchers have investigated whether facial

attractiveness is related to perceptions and measures of health.

Is facial attractiveness related to physical health?

Evidence for correlations between facial attractiveness and health-related

outcomes is mixed. Some studies have found that facially attractive individuals
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live for longer (Henderson & Anglin, 2003) and are less likely to suffer from
chronic illnesses (Nedelec & Beaver, 2014). Shackelford and Larsen (1999)
tested for an association between facial attractiveness and multiple health
measures, such as cardiovascular health (assessed using cardiac recovery time
following moderate exercise) and self-reported frequency of illness. Facially
attractive men displayed greater cardiovascular health and reported lower
frequency of sore throat or coughing symptoms relative to unattractive men.
Facially attractive women reported lower frequency of headaches relative to
unattractive women (Shackelford & Larsen, 1999), although this work has been
criticised for running a relatively large number of comparisons without correcting
for multiple tests (e.g., Rhodes et al., 2003a). Further strengthening the body of
evidence suggesting that facial attractiveness is indeed linked to actual health,
Hume and Montgomerie (2001) found that facial attractiveness was best
predicted by past health problems in a relatively large sample of women (N =
94). However, facial attractiveness was not related to past health problems in

this study’s sample of men (N = 95).

While the above findings suggest that facial attractiveness is related to various
measures of physical health, other studies have reported null results for a link
between facial attractiveness and actual health (Kalick et al., 1998; Rhodes et
al. 2003a; Thornhill & Gangestad, 2006). Kalick et al. (1998) investigated
whether facial attractiveness during adolescence predicted health outcomes
over the lifespan (adolescence, middle adulthood, or later adulthood). Despite
being related to perceptions of health, adolescent facial attractiveness was not

a significant predictor of health at any stage of the lifespan. Similarly, Thornhill
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and Gangestad (2006) found that facial attractiveness was unrelated to various

health measures in a large sample of men (N=203) and women (N=203).

While self-reported medical history was the main method of assessing the link
between facial attractiveness and measures of health in the aforementioned
studies, other researchers have investigated the link between facial
attractiveness and objective measures of immune function. Heterozygosity in
the major histocompatibility complex (MHC) is associated with
immunocompetence; MHC genes encode proteins implicated in immune
response (Mungall et al., 2003). Although it has been suggested that MHC
heterozygosity is linked to facial attractiveness, evidence for such a link is
equivocal. Roberts et al. (2005) found that the faces of MHC-heterozygous men
were judged as healthier and more attractive than the faces of MHC-
homozygous men. A more recent study, which assessed two measures of
genetic diversity (individual mean heterozygosity and the genetic distance
between alleles), also reported a significant positive relationship between MHC
heterozygosity and facial attractiveness in men (Lie et al., 2008). MHC genetic
diversity did not predict facial attractiveness in Lie et al.’s sample of women,
however. Adding to the null findings, Coetzee et al. (2007) found that MHC
heterozygosity was unrelated to facial attractiveness in a sample of women and
Thornhill et al. (2003) found that MHC heterozygosity was unrelated to facial
attractiveness in both sexes. Together, the above findings suggest that facial
attractiveness may be a more reliable cue to men’s genetic quality than it is to

women’s.

15



In addition to genetic quality, facial attractiveness has been linked to direct
measures of imunnocompetence in men, such as immune response to
vaccinations. Rantala et al. (2012, 2013a) assessed men’s antibody response
one month after a dose of hepatitis B vaccine. Facially attractive men showed
stronger immune responses to the hepatitis B vaccination than men judged as
less attractive. Furthermore, this positive relationship between facial
attractiveness and antibody response was moderated by cortisol (Rantala et al.,
2012), a glucocorticoid stress hormone that plays an important role in regulating
the immune system (see e.g., Sapolsky, 2000 for a comprehensive review).
Since immunosuppression is associated with prolonged elevation of
glucocorticoid levels (see Sapolsky, 2000), it has been suggested that high trait
(i.e., average) cortisol levels may be a biomarker for poor health. Some
research has demonstrated that men with lower average cortisol, and
consequently greater immunocompetence, have more attractive faces than men
with higher average cortisol (Moore et al., 2011a, 2011b). The link between
cortisol and facial attractiveness may be complex, however, with some studies
finding that the relationship is modulated by testosterone level (Moore et al.,

2011a; Rantala et al., 2012).

While these results strengthen the evidence suggesting that
immunocompetence is associated with facial attractiveness in men (Lie et al.,
2008; Rantala et al., 2012, 2013a; Roberts et al., 2005), there is limited
evidence for an association between immunocompetence and facial
attractiveness in women. Although Rantala et al. (2013b) reported that lower

average cortisol was associated with higher attractiveness ratings of women’s
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faces, facial attractiveness did not predict immune responsiveness to a hepatitis
B vaccination in this sample of women. Contrary to the significant negative
relationship between women'’s cortisol and facial attractiveness reported by
Rantala et al. (2013b), other recent studies have observed no significant
correlations between women’s average salivary cortisol and ratings of their
facial attractiveness (Han et al., 2016; Gonzalez-Santoyo et al., 2015),

suggesting that Rantala et al.’s (2013b) finding may not be robust.

While the findings described above are for the possible relationship between
facial attractiveness and measures of health, other work has examined possible
links between health and other aspects of facial appearance, such as
symmetry, averageness, secondary sexual characteristics, adiposity, and skin

coloration.

Is facial symmetry related to attractiveness and health?

Variation exists across individuals in their ability to maintain developmental
stability in spite of environmental and genetic stressors, such as pathogen load
and mutation rate, respectively (Mgller, 1997). Developmental ‘noise’ can result
in fluctuating asymmetry (phenotypic differences between the right and left
sides of affected individuals) above and beyond biologically normal asymmetry
(Jones & Hill, 1993). Because bilateral symmetry is a phenotypic manifestation
of optimal developmental stability, this trait has been proposed to be an
indicator of genetic quality. Some researchers have also put facial symmetry
forward as an index to prior health given that an individual’s ability to resist

asymmetric growth is dependent on environmental factors, such as nutrient
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intake and parasite load (Gangestad & Buss, 1993; Mgller, 1997).
Consequently, preferences for symmetrical faces may provide perceivers with
both direct (e.g., contagion avoidance) and indirect (e.g., healthy genes for

offspring) benefits.

Early work investigating the link between facial symmetry and attractiveness
typically used ‘chimeric’ face images created by vertically bisecting a face and
then aligning the half-face with its mirror reflection (producing two chimeras for
each face). Studies using this method of image manipulation reported stronger
preferences for original asymmetric faces than for perfectly symmetric chimeric
versions of the same faces (Kowner, 1996; Langlois et al., 1994). However, it
has since been established that chimeric manipulations introduce structural
abnormalities into symmetric faces that will likely lower attractiveness (see
Perrett et al., 1999). Studies employing a more methodologically sound
symmetry manipulation have reported positive relationships between facial
symmetry and rated attractiveness (Perrett et al., 1999; Rhodes et al., 1998).
Preferences for symmetry using manipulated face images have been reported
in Western (Little & Jones, 2003, 2006) and Eastern (Rhodes et al., 2001)

samples, as well as in African hunter-gatherers (Little et al., 2007).

Further evidence that facial symmetry is perceived as attractive comes from
several studies measuring naturally occurring asymmetries in face images.
Naturally symmetric faces receive higher attractiveness ratings than relatively
asymmetric faces (Grammer & Thornhill, 1994; Jones & Hill, 1993; Penton-Voak

et al., 2001; Perrett et al., 1999; Scheib et al., 1999). Moreover, in a study
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examining symmetry differences between pairs of monozygotic twins (who are
genetically identical, but differ developmentally), the more facially symmetric
twin received higher attractiveness ratings (Mealey et al., 1999). Together,
findings from studies examining symmetry preferences in both manipulated and
unmanipulated face images demonstrate that symmetry has a positive effect on
attractiveness judgments. These findings are complemented by studies
reporting a positive relationship between facial symmetry and perceptions of
health (Fink et al., 2006a; Jones et al., 2001, 2004; Rhodes et al., 2007),

suggesting that symmetry plays an equally important role in health judgments.

Although the evidence linking facial symmetry to judgments of health and
attractiveness is relatively compelling, evidence for a link between facial
symmetry and actual health is far more mixed. Thornhill and Gangestad (2006)
found that facial symmetry predicted the number of respiratory infections
experienced over the previous three years, whereby individuals displaying
greater facial symmetry reported a lower incidence of colds and flu. While facial
symmetry also predicted reduced frequency of antibiotic use, albeit at a
marginal level of significance, it was unrelated to stomach infections in this
sample (Thornhill & Gangestad, 2006). However, the largest study investigating
the relationship between symmetry and actual health to date (N=4732), Pound
et al. (2014) observed no significant association between facial symmetry and
longitudinal measures of childhood health (such as proportion of childhood
years spent unwell and total number of infections). Pound et al.’s (2014) null

result in this large sample suggests that, despite being reliably associated with
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perceptions of health and attractiveness, facial symmetry may not be a reliable

biomarker for health.

Is facial averageness related to attractiveness and health?

Facial averageness describes proximity to a spatially average face within a
population. As with facial symmetry, deviations from facial averageness can
result from genetic and environmental stressors (Thornhill & Maller, 1997).
Consequently, average faces may reflect genetic diversity and good resistance
to pathogens that would otherwise impede an individual’s developmental
stability (Gangestad & Buss, 1993; Thornhill & Gangestad, 1993). Given that
faces displaying mathematically average trait values signal genetic diversity,
some researchers have proposed that average faces are more attractive (Mitton
& Grant, 1984; Thornhill & Gangestad, 1993). Indeed, MHC heterozygosity (i.e.,
genetic diversity) is positively related to facial attractiveness (Roberts et al.,
2005) and facial averageness (Lie et al., 2008) in some studies (but see

Coetzee et al., 2007).

The notion that average faces are more attractive has existed since the
Nineteenth Century when Galton (1878) found that blending multiple faces
together produced a more attractive face than the constituent faces. More
recently, researchers have improved on these techniques by creating digitally
blended composite faces that average the shape, color and texture information
from multiple face images. Generally, the higher the number of images in a
composite image, the higher the attractiveness rating it is awarded (Langlois &

Roggman, 1990; Langlois et al., 1994). This pattern of results holds in Western
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(Jones et al., 2007a), Eastern (Rhodes et al., 2001), and hunter-gatherer
(Apicella et al., 2007) populations. Furthermore, researchers have observed the
same pattern of results even when controlling for facial symmetry (Apicella et
al., 2007; Jones et al., 2007a), a potential confound given that average faces
tend to be more symmetric and symmetry is associated with attractiveness.
Jones et al. (2007a) demonstrated that preferences for facial averageness
remained strong regardless of whether the effects of symmetry were controlled
or uncontrolled for, suggesting that symmetry has little bearing on attractiveness

judgments of average faces.

Several researchers have identified skin color/texture as another potential
confound in studies examining the link between facial averageness and
attractiveness. In early composite studies (e.g., Langlois & Roggman, 1990),
increasing the number of images blended together simultaneously increased
the smoothness of skin texture. Alley and Cunningham (1991) noted the
averaging of skin imperfections and blemishes using this method could bias
attractiveness judgments. As a result, many subsequent studies controlled for
this potential confound by standardizing the skin color/texture of faces used to
generate composite images and all of these studies reported a positive
association between averageness and attractiveness (Apicella et al., 2007,

Jones et al., 2007a).

Although facial averageness is perceived as healthy (Rhodes et al., 2001,

2007), evidence that this trait is linked to actual health is mixed. Rhodes et al.

(2001) found that childhood health in men and current health in women were
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both predicted by averageness. A subsequent study reported that faces below
median averageness were driving this relationship, however (Zebrowitz &
Rhodes, 2004). MHC heterozygosity has been shown to predict facial
averageness in men, but not in women (Lie et al., 2008). Given that there is
some evidence linking MHC heterozygosity to superior immune functioning in
humans (Thursz et al., 1997; Carrington et al., 1999), Lie et al.’s (2008) finding
could be interpreted as demonstrating a link between facial averageness and

actual health, at least in men.

Are secondary sexual characteristics related to attractiveness and health?
On average, there are structural differences between male and female faces.
Men tend to have larger jawbones, deeper set eyes, and thinner lips than
women (Penton-Voak et al., 2001). These face shape differences are caused, in
part, by the sex hormones at play during adolescence, such as the ratio of
testosterone to estrogen (Bardin & Catterall, 1981; Enlow, 1990). Higher
testosterone promotes facial bone growth in men until the early 20s, whereas
estrogen caps facial bone growth in women whilst also enhancing lip fullness

(Thornhill & Gangestad, 1993; Thornhill & Grammer, 1999).

Many researchers have suggested that exaggerated secondary sexual
characteristics (femininity in women and masculinity in men) should be
attractive because they signal information about the genetic quality of an
individual. Indeed, there is convincing evidence that femininity in female faces is
perceived as attractive. Cunningham (1986) measured the femininity of

women’s facial features and found that feminine features were positively related
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to attractiveness, a finding that was later replicated in various cultures (Jones &
Hill, 1993). More recently, studies objectively manipulating sex-typicality in
composite face images (i.e., to display more/less exaggerated feminine
characteristics) found that more feminine female faces were awarded higher
attractiveness ratings (Fraccaro et al., 2010; Perrett et al., 1998; Welling et al.,

2008).

In men, the link between sexually dimorphic face shape and attractiveness is
less straightforward. Some studies using facial measurements to quantify
masculinity in male faces have shown that women prefer large jaws
(Cunningham et al., 1990; Grammer & Thornhill, 1994), a ‘masculine’ feature
reliably associated with dominance ratings of men’s faces (Berry & Brownlow,
1989; McArthur & Berry, 1987). More recently, and relatedly, Boothroyd et al.
(2013) found that rated and morphometric masculinity both correlated positively
with attractiveness in men’s faces. Furthermore, some studies assessing
preferences for objectively manipulated sex-typicality in composite face images
have found that women tend to prefer masculinized rather than feminized male

faces (DeBruine et al., 2006; Johnston et al., 2001).

In contrast to these findings showing preferences for masculinity in men’s faces,
several studies have reported preferences for more feminine characteristics in
men’s faces (Little & Hancock, 2002; Perrett et al., 1998; Rhodes et al., 2000).
Perrett et al. (1998) presented Caucasian and Japanese participants with
masculinized and feminized versions of male faces belonging to both

ethnicities. Participants from both cultures exhibited a stronger preference for
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femininity in men’s faces and this pattern of results was consistent regardless of
stimuli/participant ethnicity (Perrett et al., 1998). Although some researchers
have suggested that these inconsistent results for the effects of sexually
dimorphic shape cues on men’s facial attractiveness are due to methodological
issues (Rennels & Langlois, 2008), this does not appear to be the case
(DeBruine et al., 2006, 2010). Inconsistencies in results for the effects of
sexually dimorphic shape cues on men’s facial attractiveness across studies
may be due to individual differences in women'’s preferences for masculine
men, such as those related to women’s own condition, market value, or
hormonal profile (for a review see Little et al., 2011b). Researchers have
recently proposed that these individual differences may not be robust, however

(Scott et al., 2012).

In comparison with the mixed findings for a link between sex-typicality and
perceptions of attractiveness, evidence for a link between sex-typicality and
perceptions of facial health is relatively convincing. Men with more masculine
faces and women with more feminine faces are perceived as looking healthier
(Boothroyd et al., 2013; Gray & Boothroyd, 2012; Zebrowitz & Rhodes, 2004)
and these findings extend to non-Western samples (Scott et al., 2008).
Additionally, Smith et al. (2009) found that participants showed stronger
preferences for sex-typicality in faces displaying high apparent health than in
faces displaying low apparent health. Smith et al.’s (2009) finding suggests
there may be some “cross-talk” between sexual dimorphism and other health
cues when people judge the health of faces. By contrast with the above results,

Boothroyd et al. (2005) found that preferences for perceived health and
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masculinity in men’s faces were unrelated in two samples of women, suggesting
that preferences for these two cues may be at least partly independent (see

also Jones et al., 2005).

While the studies described above investigated a possible relationship between
facial sex-typicality and apparent health in faces (i.e., perceived facial health),
other work has examined possible links between facial sex-typicality and
putative measures of actual health. Evidence for a relationship between
masculinity in men’s faces and actual health is mixed, however. Rhodes et al.
(2003a) found that rated facial masculinity correlated positively with general
health in male adolescents based on a composite score derived from health
professionals’ evaluations of historical medical records. Consistent with this
result, other research has found that men with more masculine faces reported
experiencing a lower incidence of colds and flu (Boothroyd et al., 2013;
Thornhill & Gangestad, 2006) and lower antibiotic use (Thornhill & Gangestad,
2006). It should be noted, however, that facial masculinity was unrelated to
men’s antibiotic use in Boothroyd et al.’s (2013) sample. Additionally, neither
Boothroyd et al. (2013) nor Thornhill and Gangestad (2006) found evidence of a
significant relationship between facial masculinity and the number of stomach
infections reported by male participants. While these studies used self-reported
medical history to assess the link between facial masculinity and measures of
health, other work has investigated the link between facial masculinity and a
more direct measure of men’s immune function. Rantala et al. (2013a) found
that masculinity in men’s faces was associated with a stronger antibody

response following a hepatitis B vaccination.
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In women, evidence for a link between facial femininity and actual health is
equally mixed. Studies have shown that facial femininity is negatively correlated
with the number of respiratory infections reported by female participants (Gray
& Boothroyd, 2012; Thornhill & Gangestad, 2006). Neither Gray and Boothroyd
(2012) nor Thornhill & Gangestad (2006) observed a significant relationship
between facial femininity and self-reported number of stomach infections,
however. These two studies report conflicting findings for a link between facial
femininity and women’s antibiotic use, however, with Gray and Boothroyd
(2012) reporting a significant negative relationship and Thornhill and Gangestad
(2006) reporting no significant relationship. Adding to the null results within the
literature, Rhodes et al. (2003a) found that rated facial femininity was unrelated

to actual health in female adolescents.

Is facial adiposity related to attractiveness and health?

It is well established that obesity, typically indexed by body mass index (BMI,
weight scaled for height), is linked to a number of health risks, such as type Il
diabetes and cardiovascular diseases (for a review see Guh et al., 2009). BMI
has been shown to predict male and female bodily attractiveness; normal
weight bodies (BMI 18.5 — 24.99 kg/m?; World Health Organization, 2000) tend
to be judged as optimally attractive (see e.g., Weeden & Sabini, 2005 for a
review). Facial adiposity, or perception of weight in the face, is positively
correlated with BMI (Coetzee et al., 2009; Han et al., 2016; Tinlin et al., 2013)
and people can accurately estimate others’ weight based on their face alone

(Coetzee et al., 2009). Taken together, these findings have led many
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researchers to suggest that facial adiposity is a potential cue to attractiveness

and health in humans.

Indeed, recent research suggests that facial cues of adiposity play an important
role in attractiveness judgments. Relatively low levels of adiposity in male and
female faces tend to be perceived as attractive in Western (Coetzee et al.,
2009; Han et al., 2016; Rantala et al., 2013a, 2013b) and African (Coetzee et
al., 2012) populations. However, some work suggests that preferences for facial
adiposity may be malleable and influenced by factors such as environmental
harshness. Batres and Perrett (2016) observed a significant within-person effect
of environmental harshness on men’s, but not women'’s, adiposity preference.
Male participants assigned to a training camp condition reported a stronger
preference for cues of higher BMI in female faces, in addition to reporting an
increase in multiple stressors (e.g., tiredness and pain). Despite this preference
for a higher level of adiposity in the training camp condition, men’s adiposity
preference remained within the normal BMI category (<25 kg/m?; World Health
Organization, 2000) suggesting that although adiposity preferences may be
contingent on factors such as environmental harshness, men tend to prefer

facial cues of adiposity reflecting a healthy BMI.

Although the above findings point towards a widespread preference for faces
displaying a relatively low level of facial adiposity, a mix of linear and curvilinear
relationships between facial cues of adiposity and attractiveness have been
reported. While Han et al. (2016) and Coetzee et al. (2012) found that BMI was

linearly related to attractiveness, Coetzee et al. (2009) reported a curvilinear
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relationship whereby participants falling into the underweight (<18.5 kg/m?) and
overweight (>25 kg/ m?) BMI categories (World Health Organization, 2000)
received lower attractiveness ratings than their normal weight counterparts.
These different types of relationships emerged despite all three samples
containing comparable BMI ranges. Both linear and curvilinear relationships
between adiposity and attractiveness have also been reported by studies
measuring body fat percentage. While Rantala et al. (2013a) found that body fat
percentage was linearly related to attractiveness, Rantala et al. (2013b) found a

curvilinear relationship between body fat percentage and facial attractiveness.

The preference for thinner looking faces documented by some of the previous
studies (Coetzee et al., 2012; Han et al., 2016; Rantala et al., 2013a) is
consistent with the low ‘ideal’ BMI, particularly for women, portrayed by
Westernized media (Spitzer et al., 1999; Tovée et al., 1997). Research
suggests that the media’s portrayal of a thin female body ideal has a greater
impact on attractiveness judgments of female faces than it does on health
judgments (Coetzee & Perrett, 2011). Coetzee and Perrett (2011) found that
women exhibited stronger preferences for thinner looking female faces when
assessing attractiveness than when assessing health. By contrast, men did not
differentiate between the level of facial adiposity they considered to be optimally
attractive and healthy in female faces. Despite this significant interaction
between judgment type and rater sex, Coetzee and Perrett (2011) found no sex
difference in what men and women judged to be the ‘most attractive’ and ‘most
healthy’ level of facial adiposity, with both sexes reporting a preference for facial

appearance within the healthy BMI range (18.5 — 24.99 kg/m?; World Health
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Organization, 2000). A link between facial adiposity and judgments of health
has been documented by several other perceptual studies. Research shows
that thinner looking adult faces tend to be judged as healthier in British

(Coetzee et al., 2009, 2011) and African (Coetzee et al., 2012) populations.

In line with the above evidence linking facial cues of adiposity to health
perceptions and evidence linking BMI to measures of health (see Guh et al.,
2009 for a review), a growing body of work has documented correlations
between facial cues of adiposity and actual health. Perceived facial adiposity
has been shown to communicate information about health over and above that
which is explained by BMI (Tinlin et al., 2013) and facial adiposity correlates
more strongly with certain aspects of health (such as reported frequency and
duration of respiratory infections) than BMI does (Coetzee et al., 2009).
Individuals with thinner looking faces experience fewer and shorter-lasting bouts
of cold and flu, report lower use of antibiotics, and score higher on measures of
cardiovascular health (Coetzee et al., 2009). Similarly, Tinlin et al. (2013) found
that perceived facial adiposity predicted women’s scores on a composite
measure of general condition derived from items assessing their physical and
psychological health. Furthermore, ratings of facial adiposity during
adolescence have been shown to predict adulthood risk of obesity, chronic
conditions such as arthritis and diabetes, and all-cause mortality (Reither et al.,
2009). Han et al. (2016) also found no significant relationship between ratings of

women'’s facial adiposity and their salivary cortisol levels.
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Is facial coloration related to attractiveness and health?

Consistent with work suggesting that facial coloration plays an important role in
social interactions in many non-human primate species (see e.g., Setchell et al.,
2006; Waitt et al., 2003), recent research suggests that facial skin coloration
also plays an important role in human social interaction. Studies investigating
the effect of human facial coloration on social judgments have typically
assessed skin color using spectrophotometer measurements in CIELab color
space (Commission Internationale de I'Eclairage, 1976). Modelled on the
human visual system, CIELab color space comprises three independent color
axes: lightness (L*), red (a*), and yellow (b*). Increasing redness and
yellowness in male and female face images increases ratings of attractiveness
(Re et al., 2011a, Whitehead et al., 2012a, Whitehead et al., 2012b). Consistent
with these findings for a link between skin redness and attractiveness, Stephen
et al. (2012a) found that increasing skin redness (while holding lightness and
yellowness constant) enhances perceived attractiveness, dominance, and
aggression in men’s faces. Very high levels of redness in men’s faces increased
the appearance of aggression to the detriment of attractiveness, however

(Stephen et al., 2012a).

Other work investigating the link between facial skin coloration and
attractiveness has examined the role of skin color distribution in attractiveness
judgments. Skin color homogeneity is positively correlated with perceptions of
youthfulness and attractiveness in male (Fink et al., 2012) and female (Fink et
al., 2006b; Matts et al., 2007) faces. These studies identified melanin (one of

two major pigments known to influence skin yellowness) as an important
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contributor to smoothness of skin color distribution. Recent research suggests
the amount of melanin coloration in faces affects perceptions of attractiveness.
In a forced-choice paradigm, Lefevre and Perrett (2014) found that faces with
high melanin coloration were significantly preferred over faces with low melanin

coloration.

Research suggesting that melanin coloration leads to more positive evaluations
of faces extends to perceptions of health as well as attractiveness. Participants
tend to increase melanin coloration when completing tasks instructing them to
maximise the healthy appearance of Caucasian faces (Stephen et al., 2011;
Whitehead et al., 2012c). Some studies suggest that the perceived health of
faces may be more strongly influenced by carotenoid-associated coloration than
melanin-associated coloration, however. While the processes of melanization
(i.e., tanning) and carotenoid ingestion both lead to increases in skin
yellowness, melanization also leads to a decrease in skin lightness (Stamatas
et al., 2004). Stephen et al. (2011) found that participants opted to increase
carotenoid coloration more than melanin coloration in Caucasian faces in order
to enhance healthy appearance. Similarly, Lefevre and Perrett (2014) found
stronger preferences for carotenoid coloration than for melanin coloration in
Caucasian faces. This effect was also sex-specific; the carotenoid preference
was stronger than the melanin preference in female faces relative to male
faces, regardless of the sex of observer (Lefevre & Perrett, 2014). The link
between carotenoid coloration and perceived health extends to African

(Stephen et al., 2011) and Asian (Whitehead et al., 2012b) populations.
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In keeping with evidence suggesting that facial skin coloration influences
perceptions of health, Stephen et al. (2009a) found that increasing the redness,
yellowness, and (to a lesser extent) lightness of faces in CIELab color space led
to more positive evaluations of health. Additionally, some studies have
demonstrated that homogenous skin color distribution is associated with health
perceptions, whereby greater evenness of melanin and, in particular,
haemoglobin distributions leads to an increase in health ratings (Fink et al.,
2012; Matts et al., 2007). That haemoglobin distribution influences the
perceived health of faces is consistent with other work showing that
oxygenated-blood coloration (i.e., skin redness) in faces is perceived as healthy
(Re et al., 2011a). A recent study by Henderson et al. (2016) found that skin
yellowness, but not redness or lightness, positively correlated with perceived
health, however. Similarly, Jones et al. (2016) found that global skin yellowness
predicted the perceived health of faces. The coloration of specific facial regions
has also been linked to health perceptions; periorbital (i.e., under eye)

luminance and cheek redness both predict apparent health (Jones et al., 2016).

Since skin coloration is a malleable facial cue with the potential to change in a
short period of time (e.g., in response to iliness), it has been argued that
aspects of facial skin coloration convey information about actual health. Indeed,
redness and yellowness in Caucasian faces is associated with cardiovascular
health (Stephen et al., 2009a) and good diet (Stephen et al., a; Whitehead et
al., 2012a). Cross-culturally extending findings for a link between facial skin
coloration and diet, Tan et al. (2015) found that skin yellowness and (to a lesser

extent) redness increased in an Asian population following a six-week dietary
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intervention whereby participants increased their daily carotenoid intake. As
antioxidants, carotenoids are crucial for skin health and insufficient dietary
intake can trigger conditions associated with heightened oxidative stress (see
e.g., Frisard & Ravussin, 2006; Sies et al., 2005). Further, carotenoids deficits
can lead to immune suppression due to the importance of their role in immune-
cell activity (Bendich, 1991). Nevertheless, there is no evidence to date of a
direct link between carotenoid-coloration in faces and immune response. There
is, however, evidence linking men’s facial skin health to a measure of their
underlying physical condition. Roberts et al. (2005) found that MHC
heterozygosity predicted the apparent health of men’s facial skin, suggesting
that skin coloration (in addition to other surface information) serves as a cue to

immunocompetence.

The current studies

The following four empirical chapters present studies investigating various
aspects of the role of adiposity cues in face preferences and perceptions.
Specifically, they investigate (i) variation in preferences for facial cues of
adiposity and whether these preferences predict actual partner choice, (ii) the
relationship between preferences for facial cues of adiposity and pathogen
disgust, (iii) whether individuals integrate information from shape cues of
adiposity with information from other health cues when judging the
attractiveness and health of faces, and (iv) the interrelationships among

women’s sociosexual orientation, BMI, waist-hip ratio, and facial attractiveness.
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Studies of population health have frequently reported evidence of assortative
mating for adiposity, whereby levels of adiposity in romantic couples tend to be
positively correlated (see Di Castelnuovo et al., 2009 for a meta-analytic
review). Importantly, assortative mating for adiposity may have ramifications for
population health resulting from the joint effect of partners’ levels of adiposity on
fertility and/or offspring health. Indeed, evidence suggests there is a substantial
heritable component to adiposity (reviewed in Speliotes et al., 2010).
Consequently, assortative mating for adiposity has the potential to increase the
percentage of obese individuals in the population (Hebebrand et al., 2000;
Speakman et al., 2007). In addition to the likelihood of increasing obesity rates,
assortative mating for adiposity has been found to impact negatively on the
fertility of couples, with overweight/obese couples more likely to experience
difficulty conceiving (Ramlau-Hansen et al., 2007). In light of the above findings,
many researchers have emphasized the importance of identifying contributing
factors to assortative mating for adiposity (Courtiol et al., 2010; Di Castelnuovo

et al., 2009; Hebebrand et al., 2000; Speakman et al., 2007).

One possible explanation for the positive correlation between romantic partners’
levels of adiposity is that people pair with individuals displaying similar levels of
adiposity due to assortative preferences for cues of adiposity (i.e., leaner people
show stronger preferences for leaner individuals). Evidence for assortative
preferences for cues of adiposity is somewhat mixed, however. Some studies
have reported assortative preferences for bodily cues of adiposity, whereby
people with leaner body shapes show stronger preferences for leaner bodies

(Courtiol et al., 2010; Tovée et al., 2000). On the contrary, other studies have
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found that measures of own adiposity do not predict mating-related perceptions
of body images (Han et al., 1999; Price et al., 2013). One commonality among
these studies is their exclusive focus on cues of body attractiveness while
obscuring facial characteristics including cues of adiposity, which are known to
communicate information important for partner choice. Indeed, facial cues of
adiposity convey information about an individual’s physical attractiveness
(Coetzee et al., 2009; Hume & Montgomerie, 2001), physical health (Coetzee et
al., 2009; Tinlin et al., 2013), immunocompetence (Rantala et al., 2013a), life
expectancy (Reither et al., 2009), and psychological condition (Tinlin et al.,
2013). Taken alongside findings suggesting that more importance is assigned to
the face than to body characteristics when assessing attractiveness (e.g.,
Confer et al., 2010; Currie & Little, 2009; Peters et al., 2007), these results raise
the possibility that individual differences in preferences for facial cues of
adiposity play a role in assortative mating for adiposity. Consequently, my first
empirical chapter examines the contribution of individual differences in
preferences for cues of adiposity in opposite-sex faces to assortative mating for

adiposity.

Chapter 3 further explores individual differences in facial adiposity preferences
by examining a potential underlying mechanism causing this systematic
variation: pathogen disgust (i.e., disgust experienced in response to potential
sources of pathogens). Individual differences in pathogen disgust, which are
typically assessed using the pathogen disgust subscale of the Three Domains
of Disgust Scale (TDDS, Tybur et al., 2009), have previously been linked to face

preferences. Jones et al. (2013a, 2013b) found that individuals who reported
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particularly strong concerns about infectious disease tended to display stronger
aversions to facial cues related to poor health (e.g., reduced sex-typical shape
characteristics). Other work suggests that pathogen disgust is a reliable
predictor of men’s but not women'’s preferences for putative health cues (Lee et
al., 2013). These correlational findings are complemented by research
demonstrating that experimentally priming concerns about infectious disease
increases preferences for putative health cues in potential mates (Little et al.,

2011c).

Other research into the psychological mechanisms involved in pathogen
avoidance has focused on the stigmatization of obese individuals. In post-
industrialized societies, obese individuals have been shown to elicit pathogen
disgust (Lieberman et al., 2011), and the strength of negative attitudes about
obese individuals are positively correlated with concerns about infectious
disease (Park et al., 2007). In light of these findings and studies showing that
facial adiposity is negatively correlated with perceived health (Coetzee et al.,
2009), actual physical health (Coetzee et al., 2009; Tinlin et al., 2013), and
immunocompetence (Rantala et al., 2013a), it is possible that individuals who
are particularly concerned about infectious disease will display greater
aversions to faces displaying higher levels of facial adiposity. My second
empirical chapter investigates this possibility by testing for a relationship
between men and women’s pathogen disgust and their attractiveness

judgments of faces differing in cues of BMI.
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While Chapters 2 and 3 examine whether individual differences in adiposity
preferences exist and whether pathogen disgust is a potential source of such
differences, Chapter 4 examines how individuals integrate information from
facial cues of adiposity with other health-related information contained in the
face. Research into the mate preferences of non-human animals suggests there
are interactions between the effects of cues to different aspects of physical
condition, potentially increasing the reliability with which individuals can
evaluate the condition of others (Candolin, 2003). Little is known about

interactions between the effects of health-related cues in humans, however.

Despite the association between low levels of facial adiposity and good long-
term health (Coetzee et al., 2009; Reither et al., 2009; Tinlin et al., 2013), low
levels of adiposity are also symptomatic of various infectious diseases, such as
malaria (Girard et al., 2007) and gastroenteritis (Glass et al., 2009; Kahan et al.,
2011). Consequently, it is important that people are able to detect whether
individuals displaying low levels of adiposity do so because they are in good
physical condition or because they are ill. One possible route to making this
distinction could be integrating information from facial cues of adiposity with
information from other putative health cues, such as facial coloration. Indeed,
recent research points towards facial skin coloration as a valid cue to physical
condition, with studies reporting that skin yellowness and redness are linked to
good diet and cardiovascular health, respectively (Stephen et al., 2009b, 2011;
Whitehead et al., 2012). Chapter 4 investigates the possibility that people use
facial color cues to disambiguate whether individuals displaying low levels of

adiposity do so because they are healthy or because they are ill.
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Although most research examining the link between facial adiposity and
attractiveness has focused on the function of adiposity as a health cue, it is
possible that adiposity cues also communicate information about mating-related
behaviours. Given that (i) adiposity cues play an important role in assessments
of physical attractiveness (Coetzee et al., 2009, 2012; Han et al., 2016; Rantala
et al., 2013a, 2013b), and (ii) some research has found that women’s physical
attractiveness predicts their openness to short-term sexual relationships (i.e.,
their sociosexual orientation; Boothroyd et al., 2008, 2011), Chapter 5
investigates whether adiposity contains information about women’s sociosexual

orientation.

Although some studies have reported positive correlations between women’s
physical attractiveness and their scores on the Sociosexual Orientation
Inventory (Boothroyd et al., 2008, 2011), other studies have reported null
findings for such a link (Clark, 2004; Penke & Asendorpf, 2008; Perilloux et al.,
2013). These mixed findings could potentially be a consequence of studies not
controlling for the effects of cosmetics on attractiveness ratings (see, e.g., Etcoff
et al., 2011), in turn creating or obscuring correlations between sociosexual
orientation and facial attractiveness. Findings for a significant positive
relationship between facial attractiveness and SOI are reported by studies using
composite faces as opposed to real face images (Boothroyd et al., 2008, 2011)
and, consequently, these results may not necessarily generalize to ratings of
individual faces. Of all the studies testing for a link between women'’s facial
attractiveness and sociosexual orientation, only two assessed sociosexual

orientation using the most recent version of the Sociosexual Orientation
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Inventory, the SOI-R (Penke & Asendorpf, 2008; Perilloux et al., 2013), and
neither of these studies found evidence for a significant relationship between

women’s attractiveness and sociosexual orientation.

In light of the above, Chapter 5 addresses some of the methodological issues of
previous studies by investigating the relationship between multiple measures of
women’s physical attractiveness and their scores on Penke and Asendorpf's
(2008) revised version of the Sociosexual Orientation Inventory (SOI-R) using
the largest sample of women tested to date. In addition to testing for a link
between women'’s facial attractiveness and their scores on the SOI-R, Chapter
5 also tests for possible relationships between their SOI-R scores and two body
measures known play an important role in judgments of women’s
attractiveness: body mass index and waist-hip ratio (reviewed in Weeden &

Sabini, 2005).

Ethics and General Methodology

All procedures in Chapters 2—-5 were approved by the Science and Engineering
Ethics Committee at the University of Glasgow. Participants provided
experiment and photographic consent before beginning the study. The
photographic consent form asked participants to specify whether or not we
could use their face photographs in a laboratory setting and/or online. This form
stated that, depending on how participants consented to have their images
used, their faces might be rated by others for various social traits (e.g., health

and attractiveness) in future studies. Participants were also offered the

39



opportunity to change or withdraw their photographic consent at any point of the

study.

The work in this thesis is based on three sets of faces. Face set 1 (Chapters 2
and 3) is a set of face images purchased by the Face Lab from the 3dsk online
database where the individuals provided full photographic consent. Set 2
(Chapter 4) is a subset of facial images collected from the Perception Lab at the
University of St Andrews, with participants consenting to have their images
used in composite face images. Set 3 (Chapter 5) was collected at the
University of Glasgow as part of the current thesis, with participants consenting

to have their images used online.

Given that emotional expressions are known to influence social perceptions
(see Main et al. 2010, for a review), neutral face images were used in all four
empirical chapters to control for effects of facial expression. Third-party ratings
of faces were used in this thesis because ratings of face images are a reliable
way of assessing people’s mate preferences (for evidence of a link between
face preferences and partner choice, see DeBruine et al., 2012) and strong
inter-rater reliability has been reported in studies using attractiveness ratings of
face images, even among raters from different cultures (e.g., Langlois et al.,
2000). Given that facial measurements of 2D images (e.g., facial width-to-height
ratio) may be error prone due to difficulties controlling for factors such as head
tilt (Schneider et al., 2012), facial measurements were not assessed in this

thesis.
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Participants in all four empirical chapters reported being heterosexual. This
thesis focuses exclusively on heterosexual people’s mate preferences because
prior work on the link between attractiveness and adiposity generated
hypotheses based on sexual selection theory. Indeed, the rationale to study
assortative mating for BMI in Chapter 2 is partly due to the genetic component
associated with obesity and assortative mating for BMI and this is primarily
relevant to heterosexual couples. Although there is great need for more studies
looking at the face preferences and mating strategies of homosexual, bisexual,

and pansexual people, this is beyond the scope of the current work.

An advantage of using real face images in Chapters 2, 3, and 5 is that the
results are potentially more informative about real world interactions than results
from studies using composite or manipulated face images. Chapter 2
investigates whether face preferences reported in a laboratory setting translate
to real world mating decisions by examining the relationship between face
preferences and actual partner choice. The cross-sectional design of the study
presented in Chapter 2 limits conclusions about a possible causal relationship
between preference and choice, however. Although conducting a longitudinal
study tracking people’s mate preferences and partner choice would have been
more informative about the causal direction of a relationship between these two
variables, conducting a longitudinal study of this nature was not feasible during

my PhD studies.

One ethical consideration surrounding the use of real face images is whether

measures should be implemented to reduce the chances of faces being rated
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by people who know the individual depicted in the face photograph. We
addressed this potential issue by using face stimuli from a Slovakian image set
in Chapters 2 and 3, thus limiting the likelihood that our UK participants were
familiar with any of the faces. The face stimuli used in Chapter 5 were
presented online at www.faceresearch.org, again reducing the likelihood that
our online raters were familiar with the faces. We avoided collecting laboratory
ratings of the face stimuli presented in Chapter 5 to minimize the possibility of
male raters judging the short- or long-term attractiveness of women potentially

from their University of Glasgow cohort.

In addition to using real face images in Chapters 2, 3, and 5, manipulated
composite face images were used in Chapter 4. Composite faces were
produced by averaging the shape, color, and texture information from color-
calibrated (Hong et al., 2001) face images of three different individuals. This
process yielded 10 unique composite male faces and 10 unique composite
female faces (following Re & Perrett, 2014). The rationale for using this
composite method in Chapter 4 was that we could then manipulate facial cues
of BMI in faces that have a unique identity (i.e., are not recognisable as any of
the identities that went into the composite face). Indeed, it may be unethical to
manipulate adiposity in real faces and then obtain attractiveness ratings for
heavier/lighter versions of faces recognisable as real individuals. Our use of
composite face images addresses this potential ethical concern. Another
strength of our methodological approach in Chapter 4 is that facial shape
information was held constant during a color manipulation, and vice versa.

Similarly, two out of three color dimensions within CIELab color space (CIE,
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1976) were held constant during a color manipulation, with the third color
dimension being increased or decreased. One caveat of this color manipulation,
however, is that it does not account for skin homogeneity. Additionally, the
composite face approach used in Chapter 4 limits the conclusions that can be
drawn regarding how people combine information from facial color and shape

cues in real faces.

In light of previous research demonstrating that face-only ratings are better
independent predictors of overall attractiveness than body-only ratings (Bleske-
Rechek et al., 2014), body ratings were not considered in this thesis. However,
principle component analysis was used in Chapter 5 to investigate multiple
measures of women’s physical attractiveness (including facial attractiveness in
short- and long-term contexts, BMI, and waist-hip ratio). Chapter 5 also
addresses some of the methodological issues of earlier work by (i) using real
face images as opposed to composite face images to strengthen ecological
validity, (ii) controlling for the possible effects of makeup on attractiveness, (iii)
using the SOI-R instead of an earlier version of this questionnaire that yielded

inconsistent results, and (iv) having the largest sample size to date.
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Chapter 2: Do assortative preferences contribute to assortative

mating for adiposity?

This chapter is based on the following published paper:
Fisher, C. I, Fincher, C. L., Hahn, A. C., Little, A. C., DeBruine, L. M., & Jones,
B. C. (2014). Do assortative preferences contribute to assortative mating for

adiposity? British Journal of Psychology, 105, 474-485.

Abstract

Assortative mating for adiposity, whereby levels of adiposity in romantic
partners tend to be positively correlated, has implications for population health
due to the combined effects of partners’ levels of adiposity on fertility and/or
offspring health. Although assortative preferences for cues of adiposity,
whereby leaner people are inherently more attracted to leaner individuals, have
been proposed as a factor in assortative mating for adiposity, there have been
no direct tests of this issue. Because of this, and because of recent work
suggesting that facial cues of adiposity convey information about others’ health
that may be particularly important for mate preferences, we tested the
contribution of assortative preferences for facial cues of adiposity to assortative
mating for adiposity (assessed from body mass index, BMI) in a sample of
romantic couples. Romantic partners’ BMIs were positively correlated and this
correlation was not due to the effects of age or relationship duration. However,
although men and women with leaner partners showed stronger preferences for
cues of low levels of adiposity, controlling for these preferences did not weaken

the correlation between partners’ BMIs. Indeed, own BMI and preferences were
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uncorrelated. These results suggest that assortative preferences for facial cues

of adiposity contribute little (if at all) to assortative mating for adiposity.

Introduction

Assortative mating for adiposity, whereby levels of adiposity in romantic
partners tend to be positively correlated, has frequently been reported in studies
of population health (see Di Castelnuovo et al., 2009 for a meta-analytic
review). Moreover, this correlation between levels of adiposity in romantic
partners appears to be robust (Di Castelnuovo et al., 2009). For example,
although correlations between levels of adiposity in romantic partners have
typically been shown using body mass index (i.e., BMI, e.g., Jacobson et al.,
2007; Silventoinen et al., 2003), they have also been demonstrated using other
measures of adiposity, including dual-energy X-ray absorptiometry (Speakman
et al., 2007) and skinfold thicknesses (Ginsburg et al., 1999). Moreover,
assortative mating for adiposity does not appear to be an artifact of potential
confounds. For example, although age and adiposity tend to be positively
correlated (e.g., Pasco et al., 2012), as are romantic partners’ ages (e.g.,
Watson et al., 2004), assortative mating for adiposity is not simply a by-product
of the combined effects of these correlations (e.g., Speakman et al., 2007).
Similarly, although socio-economic status and adiposity tend to be negatively
correlated (e.g., Moore et al., 1997) and romantic couples tend to be from
similar social backgrounds (e.g., Schwartz & Mare, 2005; Smits, 2003),
combined effects of these correlations do not fully explain assortative mating for
adiposity (e.g., Silventoinen et al., 2003). That the within-couples correlation

between levels of adiposity appears to change very little as the duration of the
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relationship increases also suggests that assortative mating for adiposity is not
simply due to the effects of the shared environment on adiposity (see Di

Castelnuovo et al., 2009 for a meta-analytic review).

Importantly, assortative mating for adiposity could have serious consequences
for population health. For example, since there is a substantial genetic
component to adiposity (reviewed in Speliotes et al., 2010), assortative mating
for adiposity may increase the proportion of individuals with high levels of
adiposity (i.e., obese individuals) in the population (Hebebrand et al., 2000;
Speakman et al., 2007). Indeed, some models of the effect of assortative
mating for adiposity on the prevalence of obesity in a baseline population
suggest that switching from random to completely assortative mating could
more than double the percentage of obese individuals in the population within
just two generations (Speakman et al., 2007). The combined effects of men’s
and women’s adiposity on the fertility of couples (i.e., the tendency for infertility
to be particularly common in couples where both the man and woman have high
levels of adiposity) may counteract, to some extent, this effect of assortative
mating on rates of obesity (Ramlau-Hansen et al., 2007). However, the
combined effects of men’s and women’s adiposity on fertility also present
additional evidence that assortative mating for adiposity can have negative
effects on important aspects of population health (in this case, rates of
infertility). In light of findings such as these, many researchers have
emphasized the importance of establishing why assortative mating for adiposity
occurs (Courtiol et al., 2010; Di Castelnuovo et al., 2009; Hebebrand et al.,

2000; Speakman et al., 2007).
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Assortative preferences for cues of adiposity, whereby leaner people show
stronger preferences for leaner individuals, are a potential explanation for the
positive correlation between romantic partners’ levels of adiposity (e.g., Courtiol
et al., 2010; Speakman et al., 2007; Zietsch et al., 2011). Indeed, assortative
preferences for other physical characteristics have been reported in several
studies of human mate preferences (reviewed in, e.g., Havlicek & Roberts,
2009) and assortative preferences are thought to play a critical role in
assortative mating for physical characteristics in several non-human species
(e.g., Mgller, 1994). Furthermore, men’s and women’s preferences for leaner
body shapes in silhouettes of opposite-sex bodies are negatively correlated with
their actual romantic partner’'s BMI (Courtiol et al., 2010), although the cross-
sectional design used in this work means that the causal direction of the
relationship is unclear. Market-value-contingent preferences, whereby more
attractive individuals demonstrate stronger preferences for attractive
characteristics in images of potential mates (e.g., Little & Mannion, 2006), also
suggest that assortative preferences for cues of adiposity could occur.
However, while some work has suggested that preferences for cues of adiposity
in body images are correlated with the perceiver's own BMI (Tovée et al., 2000),
this effect of own BMI on attractiveness judgments appears to be largely due to
atypical perceptions in individuals with eating disorders (e.g., anorexia nervosa,
Tovée et al., 2000). Indeed, some other studies also suggest that measures of
own adiposity, including BMI, do not predict mating-related perceptions of body
images, such as perceptions of potential mates’ health or youth (Han et al.,
1999) and attractiveness (Price et al., 2013). Although these results are not

necessarily conclusive, findings such as these suggest that own adiposity may
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have little effect on body adiposity preferences, at least in healthy individuals
(Speakman et al., 2007), raising the possibility that assortative mating for
adiposity is at least partly due to the additional constraints on the mate choices

of individuals with higher levels of adiposity (see, e.g., Zietsch et al., 2011).

Despite the fact that there have been no direct empirical tests of the role of
assortative preferences in assortative mating for adiposity, the lack of evidence
for a robust relationship between own adiposity and mating-related perceptions
of bodies has led some researchers to conclude that assortative preferences
contribute little to assortative mating for adiposity (e.g., Speakman et al., 2007).
However, focusing exclusively on body attractiveness may limit the conclusions
that can be drawn about the role of mate preferences in assortative mating for
adiposity. For example, although facial characteristics (including cues of
adiposity) were obscured in the stimuli used in the above studies, facial cues of
adiposity communicate information that is known to be important for human
mate choice. For example, facial cues of adiposity communicate information
about peoples’ physical attractiveness (Coetzee et al., 2009; Hume &
Montgomerie, 2001), perceived health (Coetzee et al., 2009), actual physical
health (Coetzee et al., 2009; Tinlin et al., 2013), life expectancy (Reither et al.,
2009), immunocompetence (Rantala et al., 2013), psychological condition
(Tinlin et al., 2013), and hormonal profile (Tinlin et al., 2013). Indeed, perceived
facial adiposity (i.e., the perception of fatness in the face) conveys information
about health over and above that which is explained by BMI (Tinlin et al., 2013)
and some aspects of health (e.g., reported frequency and duration of respiratory

infections) are more strongly correlated with facial adiposity than they are with
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BMI (Coetzee et al., 2009). Additionally, some studies suggest that facial cues
are more important than body characteristics for judgments of men’s and
women’s attractiveness, especially, but not exclusively, when bodies are
clothed and when participants judged the attractiveness of potential mates for
long-term relationships (e.g., Confer et al., 2010; Currie & Little, 2009; Peters et
al., 2007). Together, these results raise the intriguing possibility that individual
differences in preferences for facial cues of adiposity may play an important role
in assortative mating for adiposity. However, no study to date has addressed
the relationships between preferences for facial cues of adiposity and either
own or actual partner characteristics. Perhaps more importantly, it is also not
known whether individual differences in preferences for facial cues of adiposity

contribute to assortative mating for adiposity.

In light of the above, we investigated the contribution of individual differences in
preferences for cues of adiposity in opposite-sex faces to assortative mating for
adiposity (measured using BMI). If controlling for the possible effects of
individual differences in preferences for facial cues of adiposity weakens the
positive correlation between romantic partners’ BMIs, it would suggest that
assortative preferences contribute to assortative mating for adiposity. However,
if controlling for the possible effects of individual differences in preferences for
cues of adiposity does not weaken the predicted correlation between romantic
partners’ BMIs, it would suggest that assortative preferences for facial cues of
adiposity contribute little to assortative mating for adiposity. We assessed
individual differences in preferences for facial cues of adiposity in two ways.

One method measured participants’ preferences for perceived facial adiposity.
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The other measured participants’ preferences for facial characteristics
associated with actual BMI. Given the correlations between perceived facial
adiposity and measured BMI that were reported in previous studies (Coetzee et
al., 2009; Tinlin et al., 2013), these two measures of adiposity preference were

expected to be highly correlated.

Methods

Participants

Sixty-two heterosexual couples were recruited for the study. The mean age of
the men was 21.8 years (SD=1.96 years) and the mean age of the women was
21.2 years (SD=1.94 years). The average duration of these couples’
relationships was 18.4 months (SD=15.1 months). Following Courtiol et al.
(2010), the man and woman in each couple were tested at the same time, but

were separated during testing.

Stimuli

The stimuli that we used to assess preferences for cues of adiposity in
opposite-sex faces were full-color images of 50 white men (mean age=24.2
years, SD=3.99 years) and 50 white women (mean age=24.3 years, SD=4.01
years). All images were taken under standardized lighting conditions and
against a constant background. All individuals photographed posed with neutral
expressions and direct gaze. Images were standardized on pupil position and
masked so that clothing was not visible. Height and weight measurements were

taken from each of these 50 men (mean height=180.2 cm, SD=6.62 cm; mean
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weight=77.3 kg, SD=12.4 kg) and 50 women (mean height=168.6 cm, SD=6.48

cm; mean weight=57.2 kg, SD=11.4 kg).

The height and weight measurements were used to calculate each of the
photographed individuals’ BMI (men: M=23.7 kg/m?, SD=3.13 kg/m?,
range=17.7-31.0 kg/m? women: M=20.1 kg/m?, SD=3.66 kg/m?, range=16.2-
38.4 kg/m?). According to the World Health Organization’s (WHO)
classifications (WHO, 2000), 28% of the women and 2% of the men were in the
underweight BMI category (<18.5 kg/m?), 68% of the women and 68% of the
men were in the normal category (18.5-24.99 kg/m?), and 4% of the women
and 30% of the men were in the overweight category (>25 kg/m?). None of
these individuals were extremely underweight (i.e., none had BMI<15 kg/m?,

Bray, 1978) and only two individuals (both women) had BMI<17kg/mZ.

Methods for collecting ratings of facial adiposity were identical to those used in
previous studies (Coetzee et al., 2009; Tinlin et al., 2013). The 50 male face
images were rated for adiposity using a 1 (very underweight) to 7 (very
overweight) scale by 60 heterosexual raters (30 women, 30 men; mean
age=22.08 years, SD=3.53 years). The order in which images were presented
was fully randomized. A different group of 60 heterosexual raters (30 women,
30 men; mean age=23.18 years, SD=3.04 years) rated the 50 female images
for adiposity using the same scale. Inter-rater agreement was extremely high for
adiposity ratings of both men’s (Cronbach’s alpha=.98) and women’s
(Cronbach’s alpha=.98) faces. Consequently, we calculated the average

adiposity rating for each face image (male faces: M=3.73, SD=0.76; female
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faces: M=3.79, SD=0.80). Men’s and women’s average ratings were highly
correlated for both men’s faces (r=.97, N=50, p<.001) and women’s faces
(r=.96, N=50, p<.001). Consistent with prior work (Coetzee et al., 2009; Tinlin et
al., 2013), BMI and rated facial adiposity were positively correlated (men: r=.55,

N=50, p<.001; women: r=.69, N=50, p<.001).

Procedure

Height and weight measurements were taken from each of the 62 men (mean
height=180.6 cm, SD=6.55 cm; mean weight=77.1 kg, SD=11.2 kg) and 62
women (mean height=166.3 cm, SD=5.35 cm; mean weight=64.0 kg, SD=12.6
kg) who made up our romantic couples. These measurements were used to
calculate BMI (men: M=23.6 kg/m?, SD=3.13 kg/m?, range=16.4-31.7 kg/m?;
women: M=23.1 kg/m?, SD=4.19 kg/m?, range=18.0-37.1 kg/m?). According to
the WHO (2000) classifications, 5% of the women and 5% of the men were in
the underweight BMI category (<18.5 kg/m?), 72% of the women and 69% of the
men were in the normal category (18.5-24.99 kg/m?), and 23% of the women
and 26% of the men were in the overweight category (>25 kg/m?). None of
these individuals were extremely underweight (i.e., none had BMI<15 kg/m?,

Bray, 1978) and only one individual (a man) had BMI<17kg/m?.

Each of the 62 men in our study rated the attractiveness of the 50 female faces
described in our Stimuli section. Additionally, each of the 62 women in our study
rated the attractiveness of the 50 male faces described in our Stimuli section.
Attractiveness ratings were made using a 1 (much less attractive than average)

to 7 (much more attractive than average) scale. Following previous studies of
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preferences for facial cues of adiposity (e.g., Coetzee et al., 2009), the order in
which images were presented was fully randomized and each image remained
on screen until the participant had entered their rating. Inter-rater agreement, as

measured by Cronbach’s alpha, was high for both sets of ratings (both>.96).

Results

Calculating preference scores

For each couple, we calculated the Pearson product-moment correlation
between (1) the woman’s attractiveness rating for each of the 50 men’s faces
and those 50 men’s rated facial adiposity (mean r=-.16, SD=.17, p=.27), (2) the
woman’s attractiveness rating for each of the 50 men’s faces and those 50
men’s BMI (mean r=-.13, SD=.13, p=.37), (3) the man’s attractiveness rating for
each of the 50 women’s faces and those 50 women’s rated facial adiposity
(mean r=-.23, SD=.14, p=.11), and (4) the man’s attractiveness rating for each
of the 50 women'’s faces and those 50 women’s BMI (mean r=-.27, SD=.10,
p=.058)1. Note that this procedure produces two correlation coefficients for each
participant (one being a measure of their preference for perceived facial
adiposity and the other a measure of their preference for facial cues of BMI).
These correlation coefficient scores served as the dependent variables in
subsequent analyses. For each of these preference scores, larger positive

values indicate stronger preferences for facial characteristics associated with

' One exemplar in the sample of women'’s faces had particularly high BMI (38.4 kg/m?)
and was identified as a potential outlier who could unduly influence preference scores.
However, men’s BMI preference scores when this exemplar was included and excluded
were highly correlated (r=.80, N=62, p<.001). More importantly, the patterns of results in
subsequent analyses were identical when men’s BMI preference scores were calculated
with this exemplar excluded. Consequently, we have not excluded this exemplar from the
main analyses reported here.
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higher BMI and larger negative values indicate stronger preferences for facial

characteristics associated with lower BMI.

Next, we analyzed women'’s preference scores (i.e., their preferences for
perceived facial adiposity and their preferences for facial cues of BMI) using
factor analysis. This analysis produced a single factor that explained 87% of the
variance in women’s preference scores and was highly correlated with both of
the original variables (both r=.93). We labeled this factor women’s preference
for cues of BMI in men’s faces. A corresponding analysis for men’s preference
scores also produced a single factor. This factor explained 89% of the variance
in men’s preference scores and was highly correlated with both of the original
variables (both r=.94). We labeled this factor men’s preference for cues of BMI
in women'’s faces. On both of these factors, higher scores indicate stronger
preferences for facial characteristics associated with higher BMI. Romantic
partners’ preferences for cues of BMI in opposite-sex faces were positively

correlated (r=.31, N=62, p=.016).

Assortative mating for BMI in our sample

We first tested for evidence of assortative mating for BMI in our sample. As
predicted, romantic partners’ BMIs were positively correlated (r=.49, N=62,
p<.001). Subsequent partial correlation analyses showed that this correlation
between romantic partners’ BMIs remained significant when we controlled for
the possible effects of women’s age (partial r=.38, p=.003), men’s age (partial
r=.45, p<.001), or both men’s age and women’s age simultaneously (partial

r=.38, p=.003). These results show that assortative mating for BMI in this
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sample is not due to the combined effects of older individuals tending to have
higher BMI and couples tending to be similar in age. Similarly, results for a
partial analysis controlling for the possible effects of relationship duration
(partial r=.45, p<.001) suggested that relationship duration had little effect on

the strength of assortative mating for BMI in this sample.

Assortative preferences and assortative mating for BMI

To investigate whether individual differences in preferences for cues of BMI in
opposite-sex faces contributed to assortative mating for BMI, we conducted a
second set of partial correlation analyses. These analyses showed that the
correlation between romantic partners’ BMIs (r=.49, N=62, p<.001) changed
very little when we controlled for the possible effects of women’s preferences for
cues of BMI in men’s faces (partial r=.50, p<.001), men’s preferences for cues
of BMI in women'’s faces (partial r=.47, p<.001), both men’s and women’s
preferences for cues of BMI in opposite-sex faces simultaneously (partial r=.50,
p<.001), or the average of men’s and women'’s preferences for cues of BMI in
opposite-sex faces (partial r=.47, p<.001). These results suggest that individual
differences in preferences for facial cues of BMI contributed little (if at all) to

assortative mating for BMI.

Preferences for cues of BMI and own / partner’s BMI

Although our results suggest that individual differences in preferences for facial
cues of BMI contribute little to assortative mating for BMI, it is still possible that
participants’ preferences for cues of BMI in opposite-sex faces are correlated

with either their own BMI or their partner's BMI. Thus, we investigated the
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intercorrelations among men’s BMI, women’s BMI, men’s preferences for cues
of BMI in women’s faces, and women’s preferences for cues of BMI in men’s
faces (Table 1). Men’s and women’s preferences for cues of BMI in opposite-
sex faces predicted their romantic partner’'s BMI (men’s preferences: r=.30,
N=62, p=.017; women'’s preferences: r=.30, N=62, p=.017), indicating the
individuals who showed stronger preferences for cues of low BMI in opposite-
sex faces had leaner romantic partners. By contrast with these results for
partner’'s BMI, own BMI predicted neither men’s nor women’s preferences for
facial cues of BMI (men’s preferences: r=.17, N=62, p=.19; women’s

preferences: r=.04, N=62, p=.77).

Table 1. Correlations among men’s BMI, women’s BMI, men’s preferences for

cues of BMI in women’s faces, and women'’s preferences for cues of BMI in

men’s faces.
Women'’s Men’s preference | Women'’s preference
BMI for cues of BMI for cues of BMI
Men’s BMI 49* A7 .30*
Women’s BMI .30* 04"
Men’s preference 31*
for cues of BMI

N=62 for each correlation, *** p<.001, ** p<.01, * p<.05, "° p>.05 (all non-

significant correlations were p>.19)
Finally, we conducted regression analyses to test whether preferences for cues
of BMI in opposite-sex faces and own BMI independently predicted actual

romantic partner’'s BMI. Partner's BMI was entered as the dependent variable
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and own BMI and preferences for cues of BMI were entered simultaneously as
predictors. Separate regression analyses were conducted for men and women.
For men, their own BMI (t=4.04, standardized beta=.45, p<.001) and their
preference for cues of BMI in women’s faces (t=2.03, standardized beta=.23,
p=.047) each independently predicted their romantic partner’'s BMI. This pattern
was also observed for women; own BMI (t=4.43, standardized beta=.48,
p<.001) and preference for cues of BMI in men’s faces (t=2.63, standardized
beta=.28, p=.011) each independently predicted their romantic partner’'s BMI.
Stepwise versions of these analyses showed that adding preferences to a
model in which only own BMI was a predictor significantly increased the
variance in partner BMI explained by the model (men’s preferences: R? change

= .05, p = .047; women’s preferences: R* change = .08, p = .011).

Discussion

As in many previous studies that have reported assortative mating for adiposity
(see Di Castelnuovo et al., 2009 for a meta-analytic review), romantic partners’
BMIs were positively correlated. Partial correlation analyses showed that this
correlation between romantic partners’ BMIs was not due to the possible effects
of age or relationship duration (see also, e.g., Di Castelnuovo et al., 2009 and

Speakman et al., 2007).

Consistent with previous work showing that men’s and women'’s preferences for
leaner body images were correlated with their actual romantic partner's BMI
(Courtiol et al., 2010), men’s and women'’s preferences for facial cues of BMI in

opposite-sex faces were correlated with their romantic partners’ BMlIs; people
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with leaner partners showed stronger preferences for cues of low BMI in
opposite-sex faces. Additionally, romantic partners’ preferences for cues of BMI
in opposite-sex faces were concordant; the romantic partners of people who
had particularly strong preferences for cues of low BMI also tended to
demonstrate stronger preferences for these facial cues. Despite these
significant correlations between BMI preferences and partner's BMI and
between romantic partners’ BMI preferences, we found no evidence that
individual differences in preferences for facial cues of BMI contributed to
assortative mating for BMI. Indeed, controlling for the possible effects of
assortative preferences for cues of BMI had no discernible effect on the
correlation between romantic partners’ BMIs. Additional analyses indicated that
this pattern of results was due to the independence of own BMI and preferences
for facial cues of BMI; own BMI and preference for facial cues of BMI were not
significantly correlated in our sample and independently predicted partner's BMI
in both men and women. In other words, while preferences for cues of BMI in
opposite-sex faces explained some of the variance in the adiposity of men’s and
women’s romantic partners, this variance was wholly independent of that which
was explained by assortative mating for BMI. Together, these results then
suggest that assortative preferences contribute little (if at all) to assortative
mating for adiposity. That own BMI and preference for facial cues of BMI were
not significantly correlated in our sample is consistent with other recent work
that observed no significant correlations between measures of participants’ own
adiposity and their preferences for cues of adiposity in opposite-sex bodies

(Price et al., 2013).
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Although factors not considered in our study will almost certainly contribute to
assortative mating for adiposity (e.g., social homogamy, Silventoinen et al.,
2003), our results are consistent with the proposal that assortative mating for
adiposity is not due to assortative preferences for cues of adiposity, but is likely
to be due (at least in part) to the additional constraints on the mate choices of
individuals with higher levels of adiposity (Speakman et al., 2007; see also
Zietsch et al., 2011). Additional constraints on the mate choices of individuals
with higher levels of adiposity may arise because the pool of people who are
willing to choose mates with higher levels of adiposity will be smaller (and
include a higher proportion of fatter individuals) than the pool of people who are
willing to choose relatively lean mates (Speakman et al., 2007). Indeed,
individuals with higher levels of adiposity do report having had fewer sexual
partners in the previous year, consistent with the proposal that their mate
choices are more constrained (e.g., Bajos et al., 2010). Our results are also
consistent with recent research on the genetic basis of assortative mating for
BMI, which suggests that it is more likely to be due to the heritability of BMI than

heritability of preferences for cues of BMI (Zietsch et al., 2011).

Findings for attractiveness judgments of opposite-sex faces are often assumed
to give insight into the factors that influence human mate choice (for reviews
see Gangestad & Thornhill, 2008; Little et al., 2011b; Rhodes, 2006) and are
frequently interpreted as evidence that sexual selection has been an important
factor in the evolution of human face preferences (Gangestad & Thornhill, 2008;
Little et al., 2011b; Rhodes, 2006). However, many researchers have noted that

few studies have investigated the possible correlations between face
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preferences and actual partner choice (e.g., Penton-Voak, 2011; Puts et al.,
2012). Our data show that preferences are linked to real-life mate choice since
they demonstrate correlations between partner BMI and both men’s and
women’s face preferences, revealing a pathway through which sexual selection
could have influenced preferences for facial cues of adiposity. Although the
conclusions that can be drawn on this point from our data are limited to
conclusions relating to preferences for facial cues of adiposity, similar tests
involving preferences for other facial characteristics (e.g., sex-stereotypical
shape cues) may provide converging evidence for links between face

preferences and romantic partner choice (see, e.g., DeBruine et al., 2012).

There are several limitations to our study that should be acknowledged. First,
the cross-sectional design of our study means that the causal direction of the
relationship between face preferences and partner BMI is unclear. Studies
using longitudinal designs to investigate this issue may clarify whether mate
preferences directly influence mate choices, mate choices directly influence
mate preferences, or both. Second, the ranges of BMlIs represented in our
stimuli and our participant couples were relatively narrow (e.g., did not include
many obese individuals). Further studies with a greater proportion of overweight
and obese individuals could yet implicate assortative preferences in assortative
mating for adiposity. Such studies could also use face stimuli that were more
closely matched in age to the participants than was the case in the current
study where the faces were, on average, between two and three years older
than the participants. Third, we used a subjective measure of facial adiposity

that, although positively correlated with actual BMI, may still be subject to
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perceptual biases (e.g., attractiveness halo effects, Dion et al., 1972).
Subsequent studies exploring individual differences in preferences for facial
cues of BMI may consider employing more objective measures of facial
adiposity. However, although some facial metric measures of adiposity have
been developed that correlate reasonably well with actual BMI (see Coetzee et
al., 2010), these measures can be subject to systematic errors (see Schneider
et al., 2012). Further work is needed to develop more robust, objective
measures of facial adiposity. Fourth, although our analyses reveal individual
differences in preferences for facial correlates of BMI, it is unclear whether
these individual differences reflect variation in motivation to obtain mates with
low BMI or variation in motivation to obtain mates who, for example, lead
particular lifestyles or possess particular hormonal profiles that are correlated
with BMI. Studies investigating the determinants of individual differences in

preferences for cues of BMI may clarify this issue.

This study directly tested the contribution of assortative preferences for cues of
BMI in opposite-sex faces to assortative mating for adiposity in a sample of
romantic couples. Analyses suggested that individual differences in preferences
for facial cues of BMI contribute little (if at all) to assortative mating for BMI.
However, both men’s and women’s preferences for facial cues of BMI were
positively correlated with their actual romantic partners’ BMIs. Thus, our data
potentially implicate preferences for cues of BMI in partner choices but also
show that partner choice is not redundant with face preferences, at least with
regard to preferences for cues of BMI. Indeed, some differences between

preferences for cues of BMI and actual mate choices would be expected, given
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that mate choices are likely to be constrained in ways that mate preferences are
not. Importantly, the causal direction of the relationship between preferences for
facial cues of BMI and partner BMI is unclear. One possibility is that
preferences for cues of adiposity directly contribute to partner selection (i.e.,
preferring cues associated with lower BMI causes people to choose leaner
partners). Another possibility is that having a leaner partner causes people to
prefer cues of lower levels of facial adiposity. For example, people may realign
their preferences to match partner characteristics in order to reduce cognitive
dissonance and experiments have demonstrated that increasing participants’
recent visual experience with images of the bodies of individuals with higher
levels of adiposity increases their preferences for facial characteristics that are
correlated with higher BMIs (Re et al., 2011b). That these possibilities are by no
means mutually exclusive may have important implications for the mechanisms
and processes through which individuals’ mate preferences develop. For
example, people typically have more than one romantic partner in the course of
their lives (e.g., Brown & Sinclair, 1999). Consequently, if current partner choice
influences preferences, these preferences may influence future partner choice,
establishing a feedback loop that amplifies the effects of early mate choices on
partner choice later in life. Consistent with this proposal, recent work has found
that characteristics of participants’ sexual experiences that occurred early in
adulthood predicted their physical and emotional satisfaction with their current
sexual interactions, even when the effects of global sexual satisfaction were
controlled for statistically (Smith & Schaffer, 2013). While work on the
development of human mate preferences has typically focused on experiences

in early life (e.g., imprinting-like effects in childhood, Perrett et al., 2002), the
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possibility that early mate choices are another important factor for the
development of mate preferences has received relatively little attention. We
suggest that studies directly testing the role of previous mate choices in future
mate choice and mate preferences may provide important insights into the

ontogeny of mating behavior.

The current chapter found that partner’'s BMI was correlated with preference for
facial cues of adiposity. Although this result demonstrates the existence of
systematic individual differences in the facial adiposity preferences, it offers little
insight into the psychological mechanisms that cause these individual
differences. Given previous work linking individual differences in pathogen
disgust (i.e., disgust experienced in response to potential sources of pathogens)
and both face preferences (e.g., Jones et al., 2013) and attitudes to overweight
individuals (e.g., Lieberman et al., 2011), the study reported in the next chapter
tested for possible correlations between preferences for facial adiposity and

pathogen disgust.
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Chapter 3: Individual differences in pathogen disgust predict

men’s, but not women'’s, preferences for facial cues of weight

This chapter is based on the following published paper:

Fisher, C. |, Fincher, C. L., Hahn, A. C., DeBruine, L. M., & Jones, B. C. (2013).
Individual differences in pathogen disgust predict men’s, but not women'’s,
preferences for facial cues of weight. Personality and Individual Differences, 55,

860-863.

Abstract

Previous research suggests that people who score higher on measures of
pathogen disgust demonstrate (1) stronger preferences for healthy individuals
when assessing their facial attractiveness and (2) stronger negative attitudes
about obese individuals. The relationship between pathogen disgust and
attractiveness judgments of faces differing in cues of weight has yet to be
investigated, however. Here we found that men’s, but not women’s, pathogen
disgust was positively correlated with their preference for facial cues of lower
weight. Moreover, this effect of pathogen disgust was independent of the
possible effects of moral and sexual disgust. These data implicate pathogen
disgust in individual differences in preferences for facial cues of weight, at least
among men, and suggest that the sex-specific effects of pathogen disgust on
preferences for facial cues of weight may be different to those previously

reported for general negative attitudes about obese individuals.
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Introduction

The importance of pathogens as a selective pressure for the human genome
(Fumagalli et al., 2011) is thought to have shaped the evolution of two distinct
aspects of the immune system (Fincher & Thornhill, 2012; Schaller, 2006): the
classical immune system (i.e., physiological mechanisms of defense against
parasites) and the behavioral immune system (i.e., psychology and behaviors
for avoiding and managing infectious disease). Given the face’s importance for
social interaction, responses to facial cues may be an important aspect of the
behavioral immune system. Indeed, people who are particularly concerned
about infectious disease tend to show stronger aversions to facial cues thought
to be associated with poor health (e.g., reduced sex-typical shape
characteristics, Thornhill & Gangestad, 2006), particularly when assessing the
attractiveness of potential mates (reviewed in Jones et al., 2013b). These
studies typically assessed individual differences in concerns about pathogens
using the pathogen disgust subscale of the Three Domains of Disgust Scale
(TDDS, Tybur et al., 2009). Experimentally priming concerns about pathogens
strengthens preferences for putative cues of good health in potential mates

(Little et al., 2011c), complementing correlational findings.

Other research into the behavioral immune system has focused on the
stigmatization of obese individuals. For example, obese individuals elicit
pathogen disgust in post-industrialized societies (Lieberman et al., 2011).
Additionally, concerns about infectious disease are positively correlated with the
strength of negative attitudes about obese individuals (Park et al., 2007),

particularly among women (Lieberman et al., 2011). People can judge others’
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weight from facial cues and tend to prefer faces displaying cues of relatively low
weight (Coetzee et al., 2009). Moreover, rated facial adiposity (the perception of
heavier weight in the face) is correlated with measures of poor health, such as
shorter lifespan (Reither et al., 2009). Although facial attractiveness is
correlated with immune system response in men (Rantala et al., 2012), but not
women (Rantala et al., 2013b), rated facial adiposity is correlated with greater
frequency of past illness in samples combining men and women (Coetzee et al.,
2009) or including women only (Tinlin et al., 2013). Rated facial adiposity is also
correlated with inefficient immune system response in men (Rantala et al.,
2013a). Together, these findings raise the possibility that individual differences
in pathogen disgust predict attractiveness judgments of faces differing in cues

of weight.

Here we investigated the relationship between participants’ responses on the
pathogen, sexual, and moral disgust subscales of the TDDS and their
attractiveness judgments of faces differing in cues of weight. Given previous
research reporting correlations between face preferences and pathogen disgust
(reviewed in Jones et al., 2013), we predicted that (1) participants who scored
higher on the pathogen disgust subscale of the TDDS (i.e., participants who
showed the greatest concern about infectious disease) would show the
strongest aversions to individuals with relatively high levels of facial adiposity
and (2) this effect of pathogen disgust would be independent of the possible
effects of sexual or moral disgust. Lieberman et al’'s (2011) finding that women
who score high on pathogen disgust hold particularly strong negative attitudes

about obese individuals suggests that pathogen disgust may be a particularly
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good predictor of women’s responses to facial cues of weight. However, Lee et
al’s (2013) finding that pathogen disgust more reliably predicts men’s than
women’s preferences for putative health cues suggests that pathogen disgust
may be a particularly good predictor of men’s responses to facial cues of

weight.

Methods

Participants

Sixty-two heterosexual couples (mean relationship duration=18.4 months,
SD=15.1) participated in this study as part of an ongoing project investigating
the relationship between mate preferences and choices. Other components of
this project were unrelated to the current hypotheses and were randomly
interspersed among the tests reported here (i.e., were unlikely to have
systematically biased responses). Men’s mean age was 21.8 years (SD=1.96)

and women’s mean age was 21.2 years (SD=1.94).

Stimuli

Stimuli were full-color images of 50 male (mean age=24.2 years, SD=3.99
years) and 50 female (mean age=24.3 years, SD=4.01 years) faces with neutral
expressions and direct gaze. Images were taken under standardized lighting
conditions, against a constant background, were standardized on pupil position,
and masked so clothing was not visible. Height and weight measurements for
these men (mean height=180.2 cm, SD=6.62 cm; mean weight=77.3 kg,
SD=12.4 kg) and women (mean height=168.6 cm, SD=6.48 cm; mean

weight=57.2 kg, SD=11.4 kg) were used to calculate their body mass index
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(BMI; men: M=23.7 kg/m?, SD=3.13 kg/m?, range=17.7-31.0 kg/m? women:

M=20.1 kg/m?, SD=3.66 kg/m?, range=16.2-38.4 kg/m?).

The male faces were rated for weight by 25 raters (15 women, 10 men; mean
age=22.54 years, SD=5.05) in a randomized order using a 1 (very underweight)
to 7 (very overweight) scale (Cronbach’s alpha=.96). A different group of 25
raters (23 women, 2 men; mean age=24.11 years, SD=6.94) rated the female
faces for weight using the same method (Cronbach’s alpha=.95). Average
adiposity ratings for each face (male: M=3.83, SD=0.82; female: M=3.65,
SD=0.88) were positively correlated with BMI (men: r=.58, N=50, p<.001;

women: r=.66, N=50, p<.001).

Procedure

Participants in our main study rated the attractiveness of the 50 male and 50
female faces using a 1 (much less attractive than average) to 7 (much more
attractive than average) scale. Inter-rater agreement for these ratings was high
(Cronbach’s alphas for men rating women, men rating men, women rating
women, and women rating men were all > 0.90). Participants also completed
the TDDS (Table 1). Responses on the three TDDS subscales were scored
following Tybur et al. (2009). Higher scores represent greater disgust sensitivity.
The TDDS and face ratings were completed in a fully randomized order. Male
and female faces were presented in separate, randomly ordered blocks of trials
in the face-rating task, and, within each block, trial order was fully randomized.
The order of TDDS items was also fully randomized in the questionnaire block.

As in previous research (Tybur et al., 2011), women reported greater sexual
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(t(61)=7.10, p<.001, d=0.90) and pathogen (t(61)=2.20, p=.032, d=0.28) disgust
than men. Women and men did not differ significantly in moral disgust (1(61)=-
0.23, p=.82, d=0.03). Partners’ scores for sexual disgust were positively
correlated (r=.38, N=62, p=.002), but partners’ scores for pathogen (r=-.01,

N=62, p=.95) and moral (r<.01, N=62, p>.99) disgust were not.

Results

For each participant, we first calculated the correlation between (1) their
attractiveness rating for each of the 50 men’s faces and those 50 men’s rated
facial adiposity (mean r=-.14, SD=.14), (2) their attractiveness rating for each of
the 50 men’s faces and those 50 men’s BMI (mean r=-.09, SD=.14), (3) their
attractiveness rating for each of the 50 women’s faces and those 50 women’s
rated facial adiposity (mean r=-.19, SD=.13), and (4) their attractiveness rating
for each of the 50 women'’s faces and those 50 women’s BMI (mean r=-.24,
SD=.12). Note that this procedure produces four correlation coefficients for each
participant (representing their preferences for perceived adiposity in male faces,
cues of BMI in male faces, perceived adiposity in female faces, and cues of BMI
in female faces, respectively). These preference scores (i.e., correlation
coefficients) served as the dependent variables in subsequent analyses. For
each of these preference scores, larger positive values indicate stronger
preferences for facial cues of heavier weight and larger negative values indicate

stronger preferences for facial cues of lower weight.

In order to establish whether preferences for rated adiposity and preferences for

cues of BMI measure similar constructs, we analyzed men’s and women’s
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preference scores for own-sex and opposite-sex faces using factor analysis.
Analysis of women’s preferences for perceived adiposity and cues of BMI in
opposite-sex faces produced a single factor (labeled women’s preference for
cues of weight in men’s faces) that explained 88% of the variance in women’s
preference scores and was highly correlated with both of the original variables
(both r=.94). A corresponding analysis of women’s judgments of own-sex faces
also produced a single factor (labeled women’s preference for cues of weight in
women’s faces) that explained 83% of the variance in women’s preference
scores and was highly correlated with both of the original variables (both r=.91).
Similar factor analyses were conducted for men’s face preferences. Analysis of
men’s preferences for perceived adiposity and cues of BMI in opposite-sex
faces produced a single factor (labeled men’s preference for cues of weight in
women’s faces) that explained 86% of the variance in men’s preference scores
and was highly correlated with both of the original variables (both r=.93). A
corresponding analysis of men’s judgments of own-sex faces also produced a
single factor (labeled men’s preference for cues of weight in men’s faces) that
explained 86% of the variance in men’s preference scores and was highly
correlated with both of the original variables (both r=.93). These preference
scores were used in our main analyses. Higher scores indicate stronger

preferences for facial characteristics associated with heavier weight.

To test for main effects of TDDS subscales and possible interactions between
TDDS subscales and sex of face judged, responses were analyzed using
ANCOVAs. Women'’s preferences for cues of weight in men’s and women’s

faces were analyzed first. Sex of face judged (male, female) was a within-
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subject factor and pathogen disgust, sexual disgust, and moral disgust were
entered simultaneously as covariates. This analysis revealed no significant
effects (all F<1.33, all p>.25, all partial eta®<.023). However, a corresponding
analysis for men’s preferences revealed significant effects of pathogen disgust
(F(1,58)=5.99, p=.017, partial eta?=.094) and moral disgust (F(1,58)=5.73,
p=.020, partial eta®=.090). There were no other significant effects (all F<1.28, all

p>.26, all partial eta®<.021).

To interpret the main effects of pathogen disgust and moral disgust on men’s
preferences we conducted a regression analysis, in which the average of men’s
preference for cues of weight in women’s faces and men’s preference for cues
of weight in men’s faces was entered as the dependent variable and pathogen
disgust and moral disgust were entered simultaneously as predictors. This
analysis revealed a significant negative relationship between pathogen disgust
and men’s preference for cues of weight (t=-2.52, standardized beta=-.35,
p=.014) and a significant positive relationship between moral disgust and men’s
preference for cues of weight (t=2.43, standardized beta=.34, p=.018). Including
sexual disgust as an additional predictor in this regression analysis did not alter

the pattern of results.

An additional, custom model ANCOVA that included data from both male and
female participants revealed a significant interaction between participant sex
(male, female) and pathogen disgust (F(1,116)=5.96, p=.016, partial eta?=.049),
confirming that pathogen disgust had different effects on men’s and women'’s

face preferences. The interactions between participant sex and sexual disgust
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and moral disgust were not significant, however (all F<1.60, all p>.20, all partial

eta’<.015).

Discussion

Men with higher pathogen disgust showed stronger preferences for facial cues
of lower weight, complementing other recent research suggesting pathogen
disgust predicts men’s responses to facial cues of health (e.g., Jones et al.,
2013; Lee et al., 2013). The effect of pathogen disgust on men’s face
preferences was independent of possible effects of moral and sexual disgust,
revealing a domain-specific effect of disgust sensitivity on preferences for facial
cues of weight. Although previous work found that pathogen disgust was a
particularly good predictor of women’s responses to obese individuals
(Lieberman et al., 2011), pathogen disgust did not predict women’s facial
attractiveness judgments in our study. That pathogen disgust here predicted
men’s, but not women'’s, preferences for cues of weight is consistent with Lee et
al’'s (2013) finding that pathogen disgust may be a more reliable predictor of
men’s than women'’s preferences for putative health cues. Further research is
needed to establish why (and when) this sex-specific pattern of results may

emerge.

The different patterns of results in our and Lieberman et al’'s (2011) studies
could reflect differences in the nature of the attitudes to heavier individuals that
were assessed. While Lieberman et al. (2011) examined participants’
responses on questionnaires assessing individual differences in general social

attitudes to obese individuals, our study examined attractiveness judgments of
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face photographs. Although other methodological differences may also
contribute to the different patterns of results observed in our and Lieberman et
al’s studies, the different patterns suggest that pathogen disgust may have
somewhat different effects on general social attitudes and face preferences. If
this were the case, it would complement other recent work suggesting that
ratings of facial attractiveness and perceptions of general social regard are not

necessarily synonymous (e.g., Sutherland et al., 2013).

Although it was not an a priori prediction of our study, men who scored higher
on moral disgust showed weaker preferences for cues of low weight. Moreover,
this effect of moral disgust was independent of the observed effect of pathogen
disgust on men’s face preferences. One possible explanation for this
unexpected finding is that men who score higher on moral disgust generally
hold weaker appearance-based stereotypes. Further work is needed to explore

this possibility.

We found that men, but not women, who scored higher on pathogen disgust
showed stronger aversions to faces displaying cues of heavier weight (i.e.,
individuals displaying higher levels of facial adiposity). This result complements
other recent research linking pathogen disgust to face preferences (reviewed in
Jones et al., 2013) and implicates pathogen disgust in individual differences in
preferences for facial cues of weight, at least among men. Although other
studies also suggest that pathogen disgust may be a particularly reliable
predictor of men’s preferences for facial cues of health (Lee et al., 2013), the

sex-specificity of our findings is somewhat surprising, given Lieberman et al’s
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(2011) work suggesting that pathogen disgust is a particularly good predictor of
women’s negative attitudes towards obese individuals. Nonetheless, together,
these findings suggest that the sex-specific effects of pathogen disgust on
preferences for facial cues of weight may be different to those that occur for

general negative attitudes about obese individuals.

Whereas Chapter 2 reported an association between partner BMI and own
preferences for facial adiposity, revealing individual differences in adiposity
preferences, the current chapter investigated pathogen disgust as a potential
source of individual differences in facial adiposity preferences. While there was
evidence that pathogen disgust may play a role in men’s preferences for facial
cues of adiposity, pathogen disgust appeared to be unrelated to women’s
preferences for facial cues of adiposity. Consequently, it is unlikely that
pathogen disgust alone can explain the individual differences in preferences for

facial cues of adiposity that was observed in Chapter 2.

Previous research on preferences for facial cues of adiposity has either
experimentally manipulated face shape cues associated with measures of
adiposity or tested for correlations between ratings of unmanipulated face
images and those individuals’ BMIs. However, because low levels of adiposity
can come about through two main routes (good health, on one hand, and
illness, on the other hand) people may integrate information from shape cues of
adiposity with information from other health cues when judging the

attractiveness and health of faces. The next chapter investigated this possibility
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by testing for interactions between shape cues of adiposity and color cues when

judging facial health and attractiveness.
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Chapter 4: Integrating shape cues of adiposity and color

information when judging facial health and attractiveness

This chapter is based on the following published paper:
Fisher, C. |., Hahn, A. C., DeBruine, L. M., & Jones, B. C. (2014). Integrating
shape cues of adiposity and color information when judging facial health and

attractiveness. Perception, 43, 499-508.

Abstract

Facial cues of adiposity play an important role in social perceptions, such as
health and attractiveness judgments. Although relatively low levels of adiposity
are generally associated with good health, low levels of adiposity are also a
symptom of many communicable diseases. Consequently, it may be important
to distinguish between individuals displaying low levels of facial adiposity
because they are in good physical condition and those displaying low levels of
facial adiposity because they are ill. Integrating information from facial cues of
adiposity with information from other health cues, such as facial coloration, may
facilitate such distinctions. Here, participants rated the health and attractiveness
of face images experimentally manipulated to vary in shape cues of adiposity
and color cues associated with perceived health. As we had predicted, the
extent to which faces with low levels of adiposity were rated more positively
than faces with relatively high levels of adiposity was greater for faces with
healthy color cues than it was for faces with unhealthy color cues. Such

interactions highlight the integrative processes that allow us to distinguish
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between healthy and unhealthy individuals during social interactions, potentially

reducing the likelihood of contracting infectious diseases.

Introduction

Many recent findings suggest that facial cues of adiposity are an important
factor in human mate preferences. For example, male and female faces
perceived as having relatively low levels of adiposity (i.e., levels slightly lower
than the population average) tend to be perceived as healthy and attractive
(Coetzee et al., 2009; Rantala et al., 2013a, 2013b). Additionally, ratings of
men’s and women'’s facial adiposity are negatively correlated with objective
measures of their physical health (Coetzee et al., 2009), their reported
frequency and/or duration of past health problems (Coetzee et al., 2009; Tinlin
et al., 2013), and their longevity (Reither et al., 2009). Facial cues of adiposity
are also negatively correlated with the efficiency of men’s hepatitis B antibody
response (Rantala et al., 2013a) and women'’s average (i.e., trait) hormone
levels (Tinlin et al., 2013). Men and women in romantic relationships with
individuals who have a higher body mass index (BMI) also show weaker
preferences for faces displaying cues of low levels of adiposity (see Chapter 2).
This finding potentially implicates preferences for facial cues of adiposity in

men’s and women’s actual mate choices.

Consistent with research showing that ratings of facial adiposity and BMI are
positively correlated (Coetzee et al., 2009; Tinlin et al., 2013; see also Chapter
2), these findings for relationships between facial cues of adiposity and

attractiveness, perceived health, and partner characteristics are similar to those
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that have been reported in research that investigated body cues of BMI
(Courtiol et al., 2010; Crossley et al., 2012; Rantala et al., 2013a; Tovee et al.,
1998, 1999; Yanover & Thompson, 2010). Similarly, the findings for facial cues
of adiposity and health measures described above complement those that have
been reported in research investigating the relationship between BMI and health
measures (Adams et al., 2014; Berrington de Gonzalez et al., 2010; Guh et al.,

2009).

Although relatively low levels of facial adiposity are associated with good long-
term health (Coetzee et al., 2009; Reither et al., 2009; Tinlin et al., 2013), low
levels of adiposity are also a symptom of many communicable diseases, such
as gastroenteritis (Glass et al., 2009; Kahan et al., 2011) and malaria (Girard et
al., 2007). This raises the potentially important question of how people can
distinguish individuals who have low levels of adiposity because they are in
good physical condition from individuals who have low levels of adiposity
because they are ill. One way to distinguish between these two groups of
individuals might be to integrate information from cues of adiposity with
information from other potential health cues, such as facial coloration. In other
words, people may use information from health cues like facial coloration to
clarify whether individuals displaying low levels of adiposity do so because they
are in good physical condition or because they are ill. Indeed, recent research
suggests that aspects of facial coloration function as cues of physical condition.
For example, increasing redness, yellowness, and, to a lesser extent, lightness
in male and female face images increases perceptions of health (Stephen et al.,

2009a, 2009b, 2011), while other studies suggest that redness and yellowness
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are associated with cardiovascular health and good diet, respectively (Stephen
et al., 2009b, 2011; Whitehead et al., 2012). Many models of non-human
animals’ mate preferences incorporate interactions between the effects of cues
to different aspects of physical condition (Candolin, 2003). Such interactions
may increase the reliability with which individuals can assess others’ condition
(Candolin, 2003). Few studies of mating-related perceptions in humans have

tested for such interactions, however.

In light of the above, we investigated whether people integrate information from
cues of adiposity and coloration when assessing the health and attractiveness
of men’s and women’s faces. We did this by assessing perceptions of
experimentally manipulated shape cues of adiposity in faces that had healthy
coloration in one condition and unhealthy coloration in another condition. If
people do use color cues in faces to disambiguate whether individuals
displaying low levels of adiposity do so because they are in good physical
condition or because they are ill, the extent to which faces with lower levels of
adiposity are rated more positively (i.e., perceived to be healthier and more
attractive) than faces with higher levels of adiposity would be greater for faces

with healthy color cues than for faces with unhealthy color cues.

Methods

Participants

Two hundred and thirty-eight heterosexual women (mean age = 23.15 years,
SD = 5.67 years) and 142 heterosexual men (mean age=26.06 years, SD=5.84

years) participated in this online study. Previous research has demonstrated
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that online and laboratory studies of face shape (DeBruine et al., 2007) and
face color (Lefevre et al., 2013) preferences produce very similar patterns of

results.

Stimuli

Face stimuli were manufactured to represent all possible combinations of the
factors color dimension (two levels: red versus yellow), color value (two levels:
increased versus decreased), and facial adiposity (two levels: increased versus

decreased). Example stimuli are shown in Figure 1.
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Figure 1. An example of a composite female face that has been manipulated to
possess all possible combinations of the factors color dimension (red, yellow),

color value (increased, decreased), and facial adiposity (increased, decreased).
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To manufacture the face stimuli, we first created 10 unique composite male
faces and 10 unique composite female faces (following Re & Perrett, 2014).
Each of these composite faces was made by averaging the shape, color, and
texture information from color-calibrated (Hong et al., 2001) face images of
three different individuals. Male composites were created by averaging male
face images and female composites were created by averaging female face
images. The computer graphic methods used to average the shape, color, and
texture information are detailed in Tiddeman et al. (2001) and have been used
to manufacture stimuli in many other previous face perception studies (e.g.,
Burriss et al., 2009; Jones et al., 2005; Moore et al., 2011; Re & Perrett, 2014).
The methods we used for color calibrating face images are detailed in Stephen
et al. (2009a) and have been used to color calibrate images in many other
previous face perception studies (e.g., Stephen et al., 2011; Whitehead et al.,
2012). The individuals photographed were white students at the University of St

Andrews.

Next, we independently manipulated these composite face images’ redness and
yellowness in CIELab color space (CIE, 1976). CIELab color space is modeled
on the human visual system and consists of three independent color axes: red
(a*), yellow (b*), and lightness (L*). Using methods described in Stephen et al.
(2009a), we created two versions of each composite face: one in which red was
increased by three units and one in which red was decreased by three units.
Again using methods described in Stephen et al. (2009a), we created two
additional versions of each composite face: one in which yellow was increased

by three units and one in which yellow was decreased by three units.
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Importantly, these red and yellow manipulations only affect the manipulated
color dimension (i.e., altering redness does not affect yellowness, and vice
versa) and do not affect shape information (Stephen et al., 2009a). This
technique for manipulating color information in faces has also been used in
many other previous studies (e.g., Stephen et al., 2011; Whitehead et al.,
2012). We manipulated faces in red and yellow, but not lightness, because the
effects of lightness on health perceptions are weaker than those of red and
yellow, particularly for male faces (Stephen et al., 2009a). Note that faces were
manipulated in either red or yellow, not both red and yellow. These color
manipulations, in which color values were increased or decreased by 3 units,
are within the normal range of coloration for white adult faces (Whitehead et al.,

2012).

We then manipulated shape cues of adiposity in each of the four color-
manipulated versions of the composite faces (i.e., we manipulated shape cues
in the versions of the composites with increased red, decreased red, increased
yellow, decreased yellow). This shape manipulation was carried out by adding
(to increase perceived adiposity) or subtracting (to decrease perceived
adiposity) 50% of the linear differences in 2D shape between prototypes with
the average facial shape information of the 10 individuals with the highest BMI
(males: mean=28.39 kg/m?, SD=1.61 kg/m?; females: mean=24.81 kg/m?,
SD=5.95 kg/m?) and the 10 individuals with the lowest BMI (males: mean=19.95
kg/m?, SD=1.08 kg/m?; females: mean=17.24 kg/m?, SD=0.45 kg/m?) in the
images used in Chapter 2 to each of the color-manipulated composite faces.

Male prototypes defined the continuum used to manipulate cues of adiposity in
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the male face images and female prototypes defined the continuum used to
manipulate cues of adiposity in the female face images. Details of the computer
graphic methods used for these linear shape manipulations are described in
Tiddeman et al. (2001). Importantly, manipulating shape cues using this method
does not alter the color or texture information of the face images. Consistent
with other studies (Coetzee et al., 2009; Tinlin et al., 2013), perceived facial
adiposity and measured BMI are highly correlated in the sample of images from
which the high and low BMI prototypes were manufactured (see Chapter 2).
The method we used to manipulate shape cues of adiposity in faces is similar to
that used in previous work assessing the effects of cues of adiposity on

perceptions of faces (Re & Perrett, 2014).

Finally, the color-manipulated and shape-manipulated composite face images
were standardized on pupil position and masked so that hairstyle and clothing
were not visible. In total, these shape and color manipulations produced eight
separate versions of each of the 10 male and 10 female base faces, yielding 80

male and 80 female face images in total (see Figure 1 for examples).

Procedure

The male and female face images described in our Stimuli section were
presented in separate blocks of trials. Health and attractiveness ratings were
also made in separate blocks of trials. Participants were randomly allocated to
rate either the health or attractiveness of either the male or female faces using 1
(very low) to 7 (very high) scales. Each participant was allocated to only one

condition. In each condition, the 80 faces were presented individually remaining
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onscreen until the participant entered their rating. Trial order was randomized
for each participant. This method for assessing the attractiveness and perceived
health of face images has been used in many previous studies (e.g., Jones et
al., 2001; Moore et al., 2013, Tigue et al., 2012). One hundred and ninety-three

participants rated the female faces and 187 participants rated the male faces.

Analyses

Inter-rater agreement for ratings of men’s and women’s faces was high for both
attractiveness (both Cronbach’s alphas > .93) and health (both Cronbach’s
alphas > .86) judgments. Consequently, we calculated the mean attractiveness
and health ratings for each face. These mean scores were initially calculated
separately for men’s and women’s ratings. However, because an initial analysis
showed that the predicted interaction between color value (increased,
decreased) and facial adiposity (increased, decreased) was not qualified by any
higher order interactions involving the within-item factor rater sex (male,
female), we collapsed ratings across the variable rater sex and did not include

rater sex in the main analysis reported below.

Ratings were analyzed using a mixed-design ANOVA with the within-item
factors judgment type (attractiveness, health), color dimension (red, yellow),
color value (increased, decreased), and facial adiposity (increased, decreased),
and the between-items factor sex of face (male, female). All interactions were
tested. Note that this analysis treats items, rather than subjects, as the main
unit of analysis. We employed this type of analysis, in which items, rather than

raters, served as our main unit of analysis, to address concerns that interactions
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between the effects of different manipulated facial characteristics may not
necessarily generalize across items (Boothroyd et al., 2009). Judgment type
(attractiveness, health) was included as a factor in the ANOVA so that we could
directly compare the effects of the image manipulations on health and

attractiveness judgments.

Results

The ANOVA showed significant main effects of judgment type (F (1,18) =
156.89, p <.001, r]p2= .90), facial adiposity (F (1,18) = 138.57, p < .001, r]p2=
.89), and color value (F (1,18) = 5627.40, p < .001, r]p2= .97). The main effect of
Jjudgment type indicated that faces received significantly higher ratings for
health judgments (M = 3.85, Standard Error of the Mean = 0.05) than
attractiveness judgments (M = 3.20, SEM = 0.08). The main effect of facial
adiposity indicated that faces with lower levels of adiposity received significantly
higher ratings (M = 3.76, SEM = 0.07) than faces with higher levels of adiposity
(M =3.29, SEM = 0.06). The main effect of color value indicated that faces with
increased color values received higher ratings (M = 3.64, SEM = 0.07) than
faces with decreased color values (M = 3.41, SEM = 0.06). Neither the main
effect of color dimension (F (1,18) = 1.19, p = .29, r],o2 =.06) nor the main effect

of sex of face (F (1,18) = 0.86, p = .37, r]p2 = .05) was significant.

Supporting our key prediction that color values would modulate the extent to
which facial adiposity influenced ratings, the interaction between facial adiposity
and color value was significant (F (1,18) = 9.60, p = .006, r]p2 = .35, Figure 2).

As we had predicted, the extent to which faces with lower levels of adiposity
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Figure 2. The significant interaction between facial adiposity and color value.
The effect of adiposity was greater when rating faces with increased color
values than when rating faces with decreased color values. Bars show means

and SEM.

were rated more positively than faces with higher levels of adiposity was greater
for faces with increased color values (£(19) = 10.17, p <.001, mean difference =
0.51, SE mean difference = 0.05) than for faces with decreased color values
(t(19) = 9.24, p < .001, mean difference = 0.44, SE mean difference = 0.05). A
three-way interaction among facial adiposity, color value, and judgment type
approached significance (F (1,18) = 3.51, p = .077, r]p2 =.16), suggesting that

the effect of color value on the extent to which faces with lower levels of
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adiposity were rated more positively than faces with higher levels of adiposity
may have tended to be greater for health than attractiveness judgments. No
other three-way or higher-order interactions involving both facial adiposity and
color value qualified the interaction between facial adiposity and color value (all

F (1,18) < 1.99, all p > .17, all n,2 < .10).

A significant two-way interaction between facial adiposity and face sex (F (1,18)
=8.30, p = .01, r]p2 = .32) reflected facial adiposity having a greater effect on
ratings of female faces ({(9) = 13.69, p <.001, mean difference = 0.59, SE
mean difference = 0.04) than male faces ({9) = 5.26, p = .001, mean difference
= 0.36, SE mean difference = 0.07). A significant two-way interaction between
face sex and judgment type (F (1,18) = 11.38, p = .003, r]p2 = .39) reflected
female faces tending to be rated as more attractive than male faces ({(18) =
1.78, p = .09, mean difference = 0.29, SE mean difference = 0.16), but not
healthier ({(18) = -0.57, p = .58, mean difference = -0.06, SE mean difference =
0.10). A significant two-way interaction between judgment type and facial
adiposity (F (1,18) = 27.69, p < .001, r]p2 = .61) reflected facial adiposity having
a greater effect on attractiveness judgments (£(19) = 10.25, p < .001, mean
difference = 0.58, SE mean difference = 0.06) than health judgments ({(19) =

8.20, p <.001, mean difference = 0.37, SE mean difference = 0.05).

There was also a significant interaction between color dimension and color
value (F (1,18) = 4.55, p = .047, r]p2 = .20), whereby the effect of color value on
ratings was greater for faces manipulated in yellow (t(19) = 13.67, p < .001,

mean difference = 0.26, SE mean difference = 0.02) than it was for faces
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manipulated in red (t(19) = 12.66, p < .001, mean difference = 0.20, SE mean
difference = 0.02). There was also a significant interaction between judgment
type and color value (F (1,18) = 235.25, p < .001, r]p2 =.93), whereby the effect
of color value was greater for health judgments (£(19) = 27.43, p < .001, mean
difference = 0.38, SE mean difference = 0.01) than it was for attractiveness
judgments (£(19) = 4.79, p < .001, mean difference = 0.07, SE mean difference
= 0.01). These two-way interactions were qualified by a three-way interaction
among judgment type, color dimension, and color value (F (1,18) = 5.02, p =
.038, r]p2 = .22), whereby color value had significant effects on health ratings of
faces manipulated in yellow (£(19) = 12.61, p < .001, mean difference = 0.39,
SE mean difference = 0.03), health ratings of faces manipulated in red ({(19) =
19.19, p <.001, mean difference = 0.38, SE mean difference = 0.02),
attractiveness ratings of faces manipulated in yellow (£(19) = 5.67, p < .001,
mean difference = 0.13, SE mean difference = 0.02), but not attractiveness
ratings of faces manipulated in red ({(19) = 0.59, p = .56, mean difference =
0.01, SE mean difference = 0.02). A four-way interaction among face sex,
Jjudgment type, color dimension, and color value approached significance (F
(1,18) = 3.75, p = .069, np2 =.17). We did not explore this very high order
interaction further because it was not an a priori prediction. No other
interactions were significant or approached significance (all F (1,18) < 2.99, all p

> 10, all n,* < .15).
Discussion

Consistent with prior work linking facial cues of adiposity to perceptions of

attractiveness and health (Coetzee et al., 2009; Rantala et al., 2013a, 2013b;
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see also Chapter 2), participants in our study generally gave higher
attractiveness and health ratings to faces displaying cues of relatively low levels
of adiposity. That this effect of adiposity was greater for perceptual judgments of
women than men (Hume & Montgomerie, 2001) and greater for attractiveness
judgments than health judgments (Stephen & Perera, 2014; see also Coetzee
et al., 2011) is also consistent with previous research. The tendency for cues of
adiposity to have stronger effects on attractiveness judgments than health
judgments may be due to media portrayals of attractive ideals often possessing
levels of adiposity that are lower than is optimal for health appearance (Coetzee
et al., 2011; Stephen & Perera, 2014). The tendency for adiposity to have
greater effects on perceptions of women than men may reflect a sex difference
in the importance of the qualities associated with adiposity (Hume &
Montgomerie, 2001), but could also occur because the adiposity manipulations

we applied to male and female faces were not necessarily equivalent.

As we had predicted, we also observed a significant interaction between the
effects of adiposity and color cues on health and attractiveness ratings; the
effect of adiposity was greater for ratings of faces with increased red and yellow
color values. Since redness and yellowness in faces are both reliably
associated with perceived health (Stephen et al., 2009a, 2009b, 2011), the
observed interaction between the effects of adiposity and color cues supports
our proposal that people use the additional health information contained in facial
color cues to distinguish between individuals displaying facial cues of low levels
of adiposity because they are in good physical condition and those displaying

facial cues of low levels of adiposity because they are ill. Interactions between
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the effects of different cues to physical condition have been observed in many
non-human species’ mate choices and are thought to function to increase the
reliability with which individuals can assess others’ physical condition (Candolin,
2003). Our results suggest cue integration in human social perception might
also function, at least in part, to facilitate more accurate assessments of others’

physical condition.

We found that increasing redness and yellowness in faces increased health
perceptions. Additionally, increasing yellowness increased facial attractiveness,
but increasing redness did not. These results are consistent with previous
studies demonstrating that increasing yellowness in faces reliably increases
perceived health and attractiveness and increasing redness reliably increases
perceived health (Stephen et al., 2009a, 2009b, 2011, 2012a), but that facial
redness is not necessarily reliably associated with attractiveness (Stephen et
al., 2012a). We speculate that the tendency for individuals displaying red facial
cues to be perceived as dominant and aggressive (Stephen et al., 2012a) may
counteract the positive effect of redness on health perceptions when people are
assessing others’ facial attractiveness. While people generally tend to prefer
facial cues that increase health perceptions, this is not necessarily true of cues
that also increase perceptions of anti-social personality characteristics, such as

dominance and aggression (e.g., Fink & Penton-Voak, 2002).

We do not know whether the interaction between the effects of color cues and

adiposity on face perceptions that was observed for white faces in the current

study would necessarily also occur for perceptions of other ethnicities. Although
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facial redness and yellowness have similar effects on health perceptions in
white European (Stephen et al., 2009a; Stephen et al., 2011) and black African
(Stephen et al., 2009b; Stephen et al., 2011) faces, studies also suggest that
preferences for adiposity in white European and black African samples may
differ (Coetzee et al., 2009, 2012). Coetzee et al. (2009) found that intermediate
levels of adiposity were optimally attractive in the white European sample, while
Coetzee et al. (2012) found that faces with very low levels of adiposity were
considered optimally attractive in the black African sample. These results
suggest that it may be useful to compare how people integrate facial shape and
color information in different geographic regions. Indeed, integration of
information from color cues and shape cues of adiposity may be more apparent
in geographic regions where illnesses associated with rapid weight loss are
particularly common and the importance of distinguishing between healthy and
unhealthy individuals may be greater (see DeBruine et al., 2010, 2011 and
Moore et al., 2013 for evidence that pathogen load predicts regional variation in

preferences for potential health cues in faces).

In summary, we show a significant interaction between the effects of adiposity
and color cues on perceptions of faces; the positive effect of cues of low
adiposity levels was greater for ratings of faces with healthy-looking coloration
(i.e., increased red and yellow values). We suggest that integrating information
from facial color cues and cues of adiposity when assessing others’ health and
attractiveness may function, at least in part, to increase the accuracy of our
perceptions of others’ health by making it easier for us to distinguish between

individuals displaying facial cues of low levels of adiposity because they are in
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good physical condition and those displaying facial cues of low levels of
adiposity because they are ill. Thus, our results highlight the integrative
processes and mechanisms that underpin social perceptions of faces and,

potentially, shape social interactions.

The previous chapters reported individual differences in the strength of
preferences for facial cues of adiposity (Chapters 2 and 3) and that the strength
of preferences for shape cues of adiposity can be modulated by facial color
cues (Chapter 4). This latter finding suggests that information from multiple
health cues is integrated when judging facial health and attractiveness. Some
previous research has suggested that physical attractiveness in women is
associated with their openness to short-term sexual relationships (i.e., their
sociosexual orientation). Although most work on adiposity cues and
attractiveness has focused on adiposity as a health cue, the importance of
adiposity cues for physical attractiveness raises the possibility that adiposity
may also contain information about women’s sociosexual orientation. To
investigate this issue, the next chapter investigated the interrelationships among
women’s sociosexual orientation, BMI, and facial attractiveness. Waist-hip ratio

was also considered in this study.
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Chapter 5: Is women’s sociosexual orientation related to their

physical attractiveness?

This chapter is based on the following published paper:
Fisher, C. I., Hahn, A. C., DeBruine, L. M., & Jones, B. C. (2016). Is women's
sociosexual orientation related to their physical attractiveness? Personality and

Individual Differences, 101, 396-399.

Abstract

Although many researchers have suggested that more physically attractive
women report less restricted sociosexual orientations (i.e., report being more
willing to engage in short-term, uncommitted sexual relationships), evidence for
this association is equivocal. Consequently, we tested for possible relationships
between women’s scores on the revised version of the Sociosexual Orientation
Inventory (SOI-R) and women’s body mass index (N=212), waist-hip ratio
(N=213), ratings of their facial attractiveness (N=226), and a composite
attractiveness measure derived from these three intercorrelated measures. Our
analyses suggest that more attractive women report less restricted sociosexual
orientations. Moreover, we show that this link between attractiveness and
sociosexual orientation is not simply a consequence of women’s scores on the
behavior subscale of the SOI-R. Importantly, however, the correlations between
measures of women’s physical attractiveness and their reported sociosexual
orientation were very weak, suggesting that perceptions of these potential cues
of women’s sociosexual orientation are unlikely to provide accurate, socially

relevant information about others during social interactions.
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Introduction

Individual differences in sociosexuality (i.e., the extent to which people are
willing to engage in short-term, uncommitted sexual relationships, Simpson &
Gangestad, 1991) have been the focus of a considerable amount of empirical
research (see Penke & Asendorpf, 2008 and Schmitt, 2005 for reviews).
Sociosexuality is most commonly assessed using versions of the Sociosexual
Orientation Inventory (SOI), which was first developed by Simpson and
Gangestad (1991) and revised (SOI-R) by Penke and Asendorpf (2008). Higher
scores on these scales indicate a more unrestricted sexual strategy (i.e.,

greater openness to short-term, uncommitted sexual relationships).

Many researchers have tested for possible correlations between women'’s
attractiveness and their sociosexual orientation. On one hand, more attractive
women might be expected to be more open to short-term relationships because
they have more opportunities to mate with high quality mates and,
consequently, are better positioned to benefit from a short-term mating strategy
(e.g., Gangestad & Simpson, 1990). On the other hand, more attractive women
might be expected to have more restricted sociosexual orientations because

they can be “choosier” (Penton-Voak et al., 2003).

Evidence for correlations between women’s physical attractiveness and
sociosexual orientation is mixed, however. Some studies have found that
women with more attractive faces scored higher on the Sociosexual Orientation
Inventory (Boothroyd et al., 2008, 2011). Women with more attractive body

shapes or voices also report having been an extra-pair sexual partner more
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frequently and having had more extra-pair sexual relationships than do women
with relatively unattractive body shapes or voices (Hughes & Gallup Jr, 2003;
Hughes et al., 2004). By contrast, other studies have not observed significant
correlations between women'’s facial or body attractiveness and their reported
sociosexual orientation (Clark, 2004; Penke & Asendorpf, 2008; Perilloux et al.,
2013), their reported number of short-term or extra-pair sexual relationships
(Rhodes et al., 2005; Wiederman & Hurst, 1998), or their reported need for
emotional closeness in sexual relationships (Weeden & Sabini, 2007). Note,
however, that frequency of extra-pair mating will only indicate unrestricted
sociosexual orientation for individuals in long-term exclusive relationships.
Attractiveness ratings of video clips showing women interacting with a male
confederate are also not significantly correlated with their scores on the

Sociosexual Orientation Inventory (Stillman & Maner, 2009).

There are several possible reasons for the mixed results outlined above. First,
studies of facial attractiveness have not controlled for the effects of makeup on
attractiveness ratings (see, e.g., Etcoff et al., 2011), which may obscure or
create correlations between sociosexual orientation and facial attractiveness.
Second, only two studies of the possible relationship between women'’s facial
attractiveness and sociosexual orientation assessed sociosexual orientation
using the SOI-R (Perilloux et al., 2013; Penke & Asendorpf, 2008). Neither of
these studies reported significant positive correlations between women’s
attractiveness and sociosexual orientation. Furthermore, Penke and Asendorpf
(2008) reported a weak negative correlation between facial attractiveness and

scores on the SOI, but not on the SOI-R, suggesting that the scale used to

95



assess sociosexual orientation could be important. Third, studies reporting
significant positive correlations between facial attractiveness and SOI
(Boothroyd et al., 2008, 2011) used a method in which participants indicated
whether a composite face with the average facial shape, color, and texture
information of women who scored high on the SOI was more attractive than a
composite face with the average facial shape, color, and texture information of
women who scored low on the SOI. As Boothroyd et al. (2008) acknowledged,
results of such comparisons would not necessarily generalize to ratings of

individual faces.

In light of the above, we investigated the relationship between women'’s facial
attractiveness and their scores on Penke and Asendorpf’s (2008) revised
version of the Sociosexual Orientation Inventory (SOI-R). To control for the
effects of makeup on facial attractiveness, facial attractiveness was assessed
from third-party ratings of face images of the women taken after they had
removed their makeup. We also tested for possible relationships between
women’s scores on the SOI-R and two body measures known to be negatively
correlated with women'’s attractiveness (reviewed in Weeden & Sabini, 2005):
their body mass index (BMI) and waist-hip ratio (WHR). We investigated these
issues in the largest sample of women tested to date (Ns= 212 to 226,

depending on analysis).

Methods
First, digital face photographs of 226 young adult white women (mean

age=20.73 years, SD=2.03 years) were taken. All of these women were
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students or staff at the University of Glasgow. Each woman first cleaned her
face with hypoallergenic face wipes to remove any makeup and was
photographed a minimum of 10 minutes later. Photographs were taken in a
small windowless room against a constant background and under standardized
diffuse lighting conditions. Participants were instructed to pose with a neutral
expression. Camera-to-head distance and camera settings were held constant.
Participants wore a white smock covering their clothing when photographed.
Photographs were taken using a Nikon D300S digital camera and a
GretagMacbeth 24-square ColorChecker chart was included in each image for
use in color calibration. Following previous research (e.g., Jones et al., 2015),
face images were color calibrated using a least-squares transform from an 11-
expression polynomial expansion developed to ensure that color values in each
image reflected the true color information (Hong et al., 2001). All images were

aligned on pupil position and hairstyle and clothing were masked.

Height and weight were measured from 212 of the women (14 women chose
not to have their height and/or weight measured) and were used to calculate
their BMI (M=23.32 kg/m?, SD=3.69 kg/m?). According to the World Health
Organization’s (WHO) classifications (World Health Organization, 2000), 3% of
these women were in the underweight BMI category (<18.5 kg/m?), 74% were in
the normal category (18.5-24.99 kg/m?), 16% were in the overweight category
(=225 kg/m?), and 7% were in the obese category (=30 kg/m?). None of these
women were extremely underweight (i.e., none had BMI < 15 kg/m?, Bray,
1978) and none had a BMI lower than 17 kg/m?. Waist and hip circumferences

were measured from 213 of the women (13 women chose not to have their
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waist and/or hip circumference measured) and were used to calculate their
WHR (M=0.76, SD=0.06). Age was weakly correlated with WHR (rho=.13,

N=213, p=.054) and unrelated to BMI (rho=.10, N=212, p=.15).

All 226 women photographed completed the 5-point response scale version of
the revised Sociosexual Orientation Inventory (SOI-R), which has previously
been shown to have very good internal, external, and test-retest reliability
(Penke & Asendorpf, 2008). The questionnaire consists of 9 items, each of
which is answered using a 1 to 5 scale. The SOI-R has three components
(behavior, attitudes, and desires). The SOI-R behavior component consists of 3
items (e.g., “With how many different partners have you had sex within the past
12 months?”), for which 1 on the response scale corresponds to “0 sexual
partners” and 5 corresponds to “8 or more sexual partners” (M=2.13, SD=0.90).
The SOI-R attitudes component consists of 3 items (e.g., “Sex without love is
OK”), for which 1 on the response scale corresponds to “totally disagree” and 5
corresponds to “totally agree” (M=3.27, SD=1.15). The SOI-R desires
component consists of 3 items (e.g., “In everyday life, how often do you have
spontaneous fantasies about having sex with someone you have just met?”), for
which 1 on the response scale corresponds to “never” and 5 corresponds to
“nearly every day” (M=2.67, SD=0.99). Scores for each component are
calculated by summing the individual scores for the 3 relevant items. Our mean
scores are similar to those reported for female university students by Penke and
Asendorpf (2008). A total score (global SOI-R) can also be calculated by
summing the three component scores. Higher scores indicate more unrestricted

sociosexuality (i.e., greater openness to short-term mating). Following recent
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work investigating the correlation between women’s physical attractiveness and
sociosexual orientation that used the SOI-R (Perilloux et al., 2013), our main
analyses used these global SOI-R scores. Age was related to scores on the
behavior subscale (rho=.18, N=226, p=.006), but not the attitude subscale
(rho=.07, N=226, p=.32), desire subscale (rho=.01, N=226, p=.92), or global

SOI-R scores (rho=.11, N=226, p=.12).

The face images were rated for attractiveness by 626 heterosexual men (mean
age=25.95 years, SD=6.65 years) using a 1 (much less attractive than average)
to 7 (much more attractive than average) scale. Each man was randomly
allocated 25 of the women'’s faces to rate. Men'’s attractiveness ratings of
women can differ according to the temporal context of the relationship for which
they are being judged (see, e.g., Little et al., 2014). Consequently, 328 of the
men were instructed to rate the women'’s attractiveness for a short-term
relationship (“You are looking for the type of person who would be attractive in a
short-term relationship. This implies that the relationship may not last a long
time. Examples of this type of relationship would include a single date accepted
on the spur of the moment, an affair within a long-term relationship, and
possibility of a one-night stand.”). The other 298 men were instructed to rate the
women'’s attractiveness for a long-term relationship (“You are looking for the
type of person who would be attractive in a long-term relationship. Examples of
this type of relationship would include someone you may want to move in with,
someone you may consider leaving a current partner to be with, and someone

you may, at some point, wish to marry or enter into a relationship on similar
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grounds as marriage”). These definitions of short- and long-term relationships

have been used in previous research (e.g., Penton-Voak et al., 2003).

Following Han et al. (2016) and Fruhen et al. (2015), inter-rater reliability for
attractiveness ratings was estimated using bootstrapping. This technique
computed the average correlation between ratings for each face (derived from
randomly selected subsamples of participants over ten thousand iterations)
separately for short-term and long-term attractiveness. The average correlation
was high for both types of attractiveness rating (both r>.75, both SD<.03). This
bootstrapping procedure was used because each participant had rated only a
random subset of the full image set. We then calculated the average
attractiveness rating for each face separately for the short-term (M=2.31,
SD=0.63) and long-term (M=2.37, SD=0.60) contexts. These average ratings
were used in our analyses. Younger women tended to be rated as more
attractive for both short-term (rho=-.13, N=226, p=.05) and long-term (rho=-.12,

N=226, p=.06) contexts.

Results

Not all variables were normally distributed (p-values for Kolmogorov-Smirnov
tests ranged from <.001 to .26). Consequently, we report results of non-
parametric tests. Global SOI-R scores were positively correlated with rated
facial attractiveness in both the long-term (rho=.16, N=226, p=.018) and short-
term (rho=.15, N=226, p=.029) contexts. Although women with lower BMI or
lower WHR tended to have higher global SOI-R scores, these correlations were

not significant (BMI: rho=-.12, N=212, p=.083; WHR: rho=-.11, N=213, p=.105).
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Facial attractiveness ratings for both the long-term and short-term contexts
were negatively correlated with women’s BMI (long-term: rho=-.34, N=212,
p<.001; short-term: rho=-.32, N=212, p<.001) and WHR (long-term: rho=-.29,
N=213, p<.001; short-term: rho=-.27, N=213, p<.001). Consequently, we
subjected women'’s facial attractiveness in the long-term context, facial
attractiveness in the short-term context, BMI, and WHR to principal component
analysis with no rotation. This analysis produced a single “attractiveness”
component that explained ~60% of the variance in scores (Kaiser-Meyer-Olkin
measure of sampling adequacy=0.62; Bartlett's test of sphericity: p<.001).
Scores on this attractiveness component were strongly positively correlated with
both types of facial attractiveness rating (both rho>.89, N=212, p<.001) and
strongly negatively correlated with both BMI (rho=-.55, N=212, p<.001) and
WHR (rho=-.54, N=212, p<.001). Scores on this attractiveness component were

positively correlated with global SOI-R scores (rho=.16, N=212, p=.020).

Additional analyses showed qualitatively similar patterns of results when scores

on the behavior, attitudes, and desires subscales were substituted for global

SOI-R. These results are shown in Table 2.
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Table 2. Correlations between aspects of sociosexual orientation (assessed

using Penke and Asendorpf’s SOI-R) and aspects of women’s physical

attractiveness. Spearman’s rho (and p values) are reported.

Global
SOI-R

Behavior
SOI-R

Attitudes
SOI-R

Desires
SOI-R

Facial attractiveness
(long-term)

16 (.02)

11 (.09)

12 (.07)

13 (.05)

Facial attractiveness
(short-term)

15 (.03)

10 (.15)

11 (.09)

13 (.05)

BMI

-12(.08)

-7 (.01)

~14 (.04)

103 (.64)

WHR

A1 (A1)

-.04 (.60)

- 13 (.07)

-.08 (.23)

Attractiveness
component

16 (.02)

11 (.10)

14 (.04)

10 (14)
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Figure 3. The relationship between women’s global SOI-R scores and scores

on the attractiveness component.
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Discussion

We found that more facially attractive women scored higher on the SOI-R (i.e.,
reported greater willingness to engage in short-term, uncommitted sexual
relationships). This pattern of results was observed when women’s faces were
rated for attractiveness as either a short-term or long-term partner. We also
observed a significant, positive relationship between women’s scores on the
SOI-R and a composite attractiveness measure derived from principal
component analysis of their facial attractiveness ratings, BMI, and WHR.
Women with lower BMI or lower WHR also tended to score higher on the SOI-
R, although these relationships were not significant (p=.08 and p=.11,
respectively). Nonetheless, collectively, our findings are consistent with
previous research reporting positive relationships between measures of
women’s attractiveness and measures of their openness to short-term,
uncommitted sexual relationships (Boothroyd et al., 2008, 2011; Hughes &
Gallup Jr, 2003; Hughes et al., 2004). We speculate that more attractive women
may be more open to short-term sexual relationships because they are better
placed to offset the potential costs of engaging in short-term relationships, such

as low investment and/or reputational costs.

The relationships between our measures of women’s physical attractiveness
and their scores on the behavior, desires, and attitudes subscales of the SOI-R
were generally very similar to those observed for global SOI-R (see Table 2).
This suggests that the tendency for more attractive women to score higher on
global SOI-R is unlikely to be driven solely by their actual sexual behavior (i.e.,

is unlikely to be simply a direct consequence of their responses on the behavior
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subscale only). Additionally, women were not wearing makeup in the face
photographs and images were masked so that hairstyle and clothing were not
visible. Consequently, the correlations between women'’s facial attractiveness
and SOI-R observed in the current study cannot be due to makeup, hairstyle, or
clothing revealing women’s sociosexual orientation. Given previous research
has not controlled for the possible effects of makeup on attractiveness, our
results are the first to suggest that women’s faces contain correlates of their

sociosexual orientation that are not due to makeup alone.

Consistent with previous research (e.g., Han et al., 2016; Penton-Voak et al.,
2003; see also Chapters 2 - 4), we found that women with lower BMI and lower
(i.e., more feminine) WHR had more attractive faces. Given BMI and WHR are
both negatively correlated with women’s body attractiveness (reviewed in
Weeden & Sabini, 2005), our results are also consistent with previous research
suggesting that women with more attractive bodies tend to have more attractive
faces (e.g., Thornhill & Grammer, 1999). The strength of the relationships
between women’s body measurements and their facial attractiveness did not
differ when women’s faces were rated for short-term and long-term relationships
(BMI: rho=-.32 versus rho=-.34; WHR: rho=-.27 versus rho=-.29). This pattern
of results suggests that men’s preferences for femininity or adiposity cues in
women’s faces do not differ according to the temporal context of the relationship
sought (but see Little et al., 2014). Further research would be needed to clarify
the possible relationships between sociosexual orientation and other measures
of adiposity (e.g., percentage body fat), body shape, and facial appearance

(e.g., morphological facial femininity).
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Our results demonstrate that more physically attractive women score higher on
the SOI-R, suggesting that attractiveness is linked to greater openness to short-
term, uncommitted sexual relationships. Moreover, our results suggest that this
link between sociosexual orientation and physical attractiveness is unlikely to be
simply a direct consequence of more attractive women having more mating
opportunities. Importantly, however, the correlations between the measures of
physical attractiveness considered in our study and women’s SOI-R were
uniformly weak (absolute rho values ranging from .11 to .16 for global SOI-R).
This suggests that perceptions of these potential cues of women’s sociosexual
orientation are unlikely to provide accurate, socially relevant information about

others during social interactions.

105



Chapter 6: General Discussion

Summary

Previous research had identified facial adiposity as a potentially important cue
to health (Coetzee et al., 2009; Tinlin et al., 2013; Reither et al., 2009) and
physical attractiveness (Coetzee et al., 2009, 2012; Han et al., 2016; Rantala et
al., 2013a, 2013b). The studies reported in this thesis investigated (i) individual
differences in preferences for facial cues of adiposity and whether these
preferences are related to actual partner choice, (ii) variation in pathogen
disgust as a potential predictor of facial adiposity preferences, (iii) the
integration of facial cues of color and adiposity in relation to health and
attractiveness judgments, and (iv) the interrelationships among women’s

sociosexual orientation, facial attractiveness, BMI, and waist-hip ratio.

Although several lines of evidence report assortative mating for adiposity (for a
meta-analytic review, see Di Castelnuovo et al., 2009), evidence for assortative
preferences for cues of adiposity (whereby leaner people show stronger
preferences for leaner individuals) was equivocal. Moreover, little was known
about whether preferences for facial cues of adiposity are related to actual
partner choice. To address this gap in the literature, Chapter 2 examined
whether people’s preferences for cues of adiposity in opposite-sex faces predict
either their own BMI or their partner’s BMI. Consistent with previous work
reporting a correlation between men’s and women’s preferences for leaner body
images and their actual partner’'s BMI (Courtiol et al., 2010) and work
suggesting that face preferences predict romantic partner choice (see, e.g.,

DeBruine et al., 2012), we found that participants’ preferences for facial cues of
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BMI in opposite-sex faces predicted their actual partners’ BMls. In other words,
people with leaner romantic partners reported stronger preferences for
opposite-sex faces displaying cues of low BMI. Although we found evidence of
assortative mating for BMI in our sample (romantic partners’ BMIs were
positively correlated), we found no evidence of assortative preferences for cues
of adiposity. That is, own BMI and preferences for cues of BMI in opposite-sex
faces were not significantly correlated and independently predicted partner’s
BMI. Despite preferences for facial cues of BMI explaining some of the variance
in the BMI of men’s and women’s romantic partners, this variance was entirely
independent of that which was explained by assortative mating for BMI. These
results suggest that individual differences in preferences for facial cues of BMI
contribute little (if at all) to assortative mating for BMI. That no significant
correlation was observed between own BMI and preferences for facial cues of
BMI is consistent with other work reporting no significant correlations between
measures of people’s own adiposity and their preferences for cues of adiposity

in opposite-sex bodies (Price et al., 2013).

Market-value-contingent preferences, whereby physically attractive individuals
show stronger preferences for attractive characteristics when assessing
potential mates (see e.g., Little & Mannion, 2006), may offer one possible
explanation as to why assortative preferences contributed little (if at all) to
assortative mating in our sample. Rather than resulting from assortative
preferences for cues of adiposity, assortative mating for adiposity is potentially
due (at least in part) to individuals with higher levels of adiposity experiencing

additional constraints on their mate choices (Speakman et al., 2007; see also
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Zietsch et al., 2011). These constraints may arise because the pool of
individuals willing to choose romantic partners with higher levels of adiposity is
likely to be smaller (and contain a higher proportion of overweight individuals)
than the pool of individuals willing to choose relatively lean romantic partners
(Speakman et al., 2007). Consistent with this proposal, Bajos et al. (2010) found
that individuals with higher levels of adiposity reported having had a lower

number of sexual partners in the previous year than relatively lean individuals.

Although the correlation between partner's BMI and preferences for facial cues
of adiposity reported in Chapter 2 demonstrates the existence of systematic
variation in facial adiposity preferences, little was known about the underlying
psychological mechanisms causing these individual differences. Other work has
suggested that pathogen disgust (i.e., disgust experienced in response to
possible sources of infectious disease) may explain some individual differences
in preferences for facial cues of health (e.g., Lee et al., 2013). Consequently,
Chapter 3 investigated whether pathogen disgust predicts individual differences
in preferences for facial adiposity. We found that men with higher pathogen
disgust reported stronger preferences for lower levels of facial adiposity,
complementing other recent work linking pathogen disgust to men’s preferences

for facial cues of health (e.g., Jones et al., 2013a; Lee et al., 2013).

Despite prior work suggesting that pathogen disgust is a particularly good
predictor of women’s attitudes to overweight individuals (Lieberman et al.,
2011), pathogen disgust did not predict women'’s preferences for facial cues of

adiposity in our sample. The contrasting pattern of results observed in our and
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Lieberman’s (2011) studies may be a consequence of methodological
differences; while Lieberman et al. (2011) used questionnaires to assess
individual differences in general social attitudes towards obese people, our
study examined participants’ preferences for facial cues of adiposity. Indeed, it
is possible that pathogen disgust affects general social attitudes and face
preferences differently. In line with this proposal, Sutherland et al. (2013)
reported that perceptions of general social regard and facial attractiveness
judgments are not necessarily synonymous. That men’s, but not women’s,
pathogen disgust predicted facial adiposity preferences in our sample is
consistent with Lee et al’s (2013) sex-specific pattern of results, whereby
pathogen disgust more reliably predicted men’s than women’s preferences for
putative health cues. In summary, although Chapter 3 presented evidence that
pathogen disgust plays a role in preferences for facial cues of adiposity (at least
in men), it is unlikely that the individual differences in facial adiposity
preferences observed in Chapter 2 can be explained by pathogen disgust

alone.

Given that some models of non-human animals’ mate preferences predict
interactions between the effects of cues signalling information about physical
condition (Candolin, 2003), it is possible that humans also integrate information
from different health-related cues in order to increase the reliability with which
they can assess the condition of others. Chapter 4 investigated this possibility
by examining whether people integrate information from cues of adiposity and
skin coloration when judging the health and attractiveness of men’s and

women’s faces. Consistent with previous research suggesting that facial cues of
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adiposity are linked to perceptions of health and attractiveness (Coetzee et al.,
2009; Rantala et al., 2013a, 2013b; see also Chapter 2), faces displaying cues
of relatively low levels of adiposity were generally awarded higher health and
attractiveness ratings. We also found that skin color values modulated the
extent to which facial adiposity influenced health and attractiveness ratings; the
effect of adiposity was greater for judgments of faces displaying increased color
values than for faces displaying decreased color values. In other words, the
extent to which faces with lower levels adiposity were rated more positively than
faces with higher levels of adiposity was greater for faces with increased red

and yellow color values.

In line with prior research that identified facial redness and yellowness as
reliable predictors of perceived health (Stephen et al., 2009a, 2009b, 2011), we
found that increasing facial redness and yellowness increased perceptions of
health. Taken alongside these results and the results discussed above, the
significant interaction we observed between the effects of adiposity and color
cues suggests that people integrate these cues in order to improve the
accuracy with which they can assess others’ physical condition. Although
several studies have linked relatively low levels of facial adiposity to good long-
term health (Coetzee et al., 2009; Reither et al., 2009; Tinlin et al., 2013), low
levels of adiposity may also result from infectious diseases, such as
gastroenteritis (Glass et al., 2009; Kahan et al., 2011). Thus, our finding
suggests that people use additional health information contained in facial color

cues to determine whether individuals displaying facial cues of low levels of
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adiposity do so because they are in good physical condition or because they

areill.

In addition to finding that skin redness and yellowness were both related to
health perceptions in our sample, we also found that faces displaying increased
yellowness (but not redness) received higher attractiveness ratings. These
results complement other work showing that facial yellowness is reliably
associated with health and attractiveness judgements and facial redness is
reliably associated with health judgements (Stephen et al., 2009a, 2009b, 2011,
2012a), but that facial redness is not necessarily a reliable predictor of
attractiveness judgements (Stephen et al., 2012a). Given that facial redness
has been linked to perceptions of dominance and aggression (Stephen et al.,
2012a), it is possible that an association between facial redness and anti-social

personality traits can dampen the effect of redness on facial attractiveness.

While Chapters 2 and 3 reported variation in the strength of participants’
preferences for facial cues of adiposity, Chapter 4 reported evidence of facial
color cues modulating the strength of these preferences for shape cues of
adiposity. This latter finding suggests that people integrate information from
multiple facial cues when assessing the health and attractiveness of others.
Additionally, we found that the effect of adiposity reported in Chapter 4 (i.e.,
general preference for lower levels of facial adiposity) was greater for
perceptual judgments of women than men and greater for attractiveness ratings
than health ratings, complimenting the work of Hume and Montgomerie (2001)

and Stephen and Perera (2014), respectively.
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Previous research on facial adiposity has emphasized facial cues of adiposity’s
potentially important role as a health cue in social perception and interaction.
However, given that adiposity influences facial attractiveness (Coetzee et al.,
2009; Hume & Montgomerie, 2001) and physical attractiveness is thought to be
linked to women’s sociosexual orientation (Boothroyd et al., 2008, 2011), it is
also possible that facial cues of adiposity contain information about women'’s
sociosexual orientation. Chapter 5 investigated this possibility by investigating
possible interrelationships among women’s sociosexual orientation, BMI, waist-
hip ratio, and facial attractiveness. We found that women who were rated as
more facially attractive for both short- and long-term relationships scored higher
on the SOI-R (i.e., reported greater openness to short-term, uncommitted
sexual relationships). Moreover, women’s scores on the SOI-R were
significantly and positively related to a composite attractiveness measure
derived from principal component analysis of their facial attractiveness ratings,
BMI, and WHR. Our findings complement earlier research reporting positive
correlations between measures of women’s physical attractiveness and
measures of their willingness to engage in short-term, uncommitted sexual
relationships (Boothroyd et al., 2008, 2011; Hughes & Gallup, 2003; Hughes et

al., 2004).

That facial attractiveness was positively correlated with women’s openness to
short-term, uncommitted sexual relationships in our sample is consistent with
the idea that more attractive women could be better positioned to benefit from a
short-term mating strategy because they will have more opportunities to mate

with high-quality partners (e.g., Gangestad & Simpson, 1990). Importantly,
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however, that we observed qualitatively similar patterns of results for scores on
the attitudes, behavior, and desires SOI-R subscales suggests that the positive
correlation between physical attractiveness and sociosexual orientation is
unlikely to be simply a consequence of women'’s responses on the behavior
subscale alone. Further work is needed to identify specifically which facial
characteristics are associated with sociosexuality, although the correlation seen
here with the composite score derived from both facial attractiveness and body
adiposity measures is consistent with the idea that facial correlates of adiposity
are one such cue. It should also be noted that the correlations between
women’s SOI-R scores and measures of physical attractiveness were uniformly
weak, suggesting that they are unlikely to be strong enough to influence the

behavior of others during social interactions.

Limitations and future directions

BMI is a measure of weight scaled for height and does not directly measure fat
mass. Because there are two routes to high BMI (being overweight versus
being muscular), some researchers have suggested that alternative indices of
adiposity, such as percentage body fat, are more reliable than BMI (see, e.g.,
Wellens et al., 1996). To further investigate this issue, | ran analyses on a pre-
existing dataset from our lab containing BMI (calculated from height and weight
measurements) and percentage body fat (calculated using bioelectrical
impedance analysis). Results revealed that BMI and percentage body fat were
highly correlated in this sample of young white women (r = .82) and men (r =
.78). Given that the sample characteristics (young adult women) are similar to

those from which the stimuli were manufactured in my empirical chapters, it
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may not necessarily be problematic to use BMI to estimate women’s adiposity in
this type of empirical context. Moreover, other research suggests that BMI
generally corresponds well with percentage body fat within age- and sex-
specific groups and can reliably distinguish between categories of percentage
body fat (see, e.g., Flegal et al., 2009). Nonetheless, we acknowledge that other

measures may give a more accurate estimate of women’s adiposity.

Our analyses of the relationship between attractiveness and BMI focused on
tests for linear relationships. This was partly due to the methods used to
estimate individual subjects’ preferences for facial cues of BMI, partly due to the
techniques used to experimentally manipulate BMI-cues in face images, and
partly because only a very small proportion (if any) of the images in our studies
came from people with unhealthily low BMIs. Some research on women’s
attractiveness and BMI has reported curvilinear relationships, in which the
correlation between BMI and attractiveness is weaker for relatively slim women
(e.g., Coetzee et al., 2009; Rantala et al., 2013b). However, other studies have
not replicated this pattern of results (Han et al., 2016). The rationale for
predicting curvilinear relationships is that the optimal BMI for health and fertility
in women is closer to ‘average’ than it is to ‘low’ (Wang et al., 2015). However,
cross-cultural research on judgments of women’s physical attractiveness has
shown that optimally attractive BMIs are substantially lower than those that are
optimal for health and fertility (Wang et al., 2015). Nonetheless, we
acknowledge that the relationship between attractiveness and adiposity may be

more complex than the linear relationships demonstrated in this thesis.
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Interestingly, it has recently been shown that facial cues of adiposity might be a
better predictor of health than traditional measures of obesity such as BMI and
percentage body fat. Research suggests that certain aspects of health (e.g.,
duration and frequency of respiratory infections) are more strongly related to
facial adiposity than to BMI (Coetzee et al., 2009). Furthermore, Tinlin et al.
(2013) found that perceived facial adiposity contains health-related information
over and above that which is explained by BMI (i.e., rated facial adiposity
predicted health status even when controlling for BMI). Other work has shown
that diseases such as diabetes type Il are better identified by neck adiposity
(measured using a lipometer) than by BMI, percentage body fat, or
measurements of adipose tissue at 14 other body locations inferior to the neck
(Mdller et al., 2000). By contrast, that rated facial adiposity appears to be
unrelated to immune function and oxidative stress suggests that these
components of health may be less clearly related to facial adiposity (Foo et al.,
2017). Future research could build on these contrasting findings within the
literature by examining facial adiposity’s relationship to multiple aspects of
health, including health biomarkers that have not yet been studied in relation to
facial adiposity (e.g., telomere length, which is a good predictor of healthy aging

and longevity, Atzmon et al., 2010).

Another interesting avenue for future studies would be examining how within-
and between-subject adiposity changes influence social perceptions of faces.
My recent involvement in a collaborative project led by Dr James McLaren
(Institute of Cardiovascular and Medical Sciences, University of Glasgow) is

creating a dataset to investigate this issue. This longitudinal study tracked
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weight gain and loss in White and South Asian male participants over 12 weeks
using measures of adiposity and cardiovascular health (e.g., adipose biopsies
and metabolic testing). Face photographs of participants were taken at each
stage of their weight change journey. We will examine the effects of within- and
between-subject changes in adiposity on aspects of facial appearance, such as
skin coloration and perceived health and attractiveness. Future work could also
model the effects of within-person weight change on facial appearance and test
whether this can motivate healthier behaviors, such as exercise and healthy
eating. Modelling the effects of eating fruit and vegetables on facial appearance
has previously been shown to improve fruit and vegetable consumption in
young adults (Whitehead et al., 2011). Such interventions could be particularly
useful for motivating healthy behavior in young adults, who are a group that
might value short-term effects on appearance over longer-term effects on health

outcomes.

Given that my empirical chapters examined primarily White European
participants’ judgements of White European face images, the results reported in
this thesis do not necessarily translate to other cultures. Recent studies
investigating the degree of cross-cultural similarity in face preferences have
typically focused on preferences for facial coloration in different cultures.
Stephen et al. (2012b) found that skin yellowness, redness, and lightness, were
positively correlated with women’s attractiveness ratings of men’s faces in a
Black African sample. They also found that skin yellowness, but not redness or
lightness, was positively correlated with women'’s attractiveness ratings of

men’s faces in a White European sample. Coetzee et al. (2014) observed
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similar coloration preferences among White European participants judging the
attractiveness of White faces and Black African participants judging the
attractiveness of Black faces, whereby skin yellowness and lightness in
women’s faces were positively correlated with attractiveness judgments in both
samples. With regard to health perceptions, some work suggests that skin
redness and yellowness have similar effects on the perceived health of white
European (Stephen et al., 2009a; Stephen et al., 2011) and Black African
(Stephen et al., 2009b; Stephen et al., 2011) faces. Although these results were
interpreted as evidence for cross-cultural similarity in skin color preferences
(particularly for facial yellowness), results from recent work in our lab suggest
that preferences for facial skin coloration are not universal. While skin
yellowness had a positive effect on facial attractiveness ratings among White
UK participants, we found that yellowness had a negative effect on facial
attractiveness ratings among Chinese participants (Han et al., in preparation).
This cultural difference could reflect the tendency for fruit and vegetable
consumption to be positively correlated with socioeconomic status in most
developed countries, but for vegetable consumption to be negatively correlated

with socioeconomic status in China (Wang, 2001).

In keeping with evidence for cross-cultural differences in preferences for facial
coloration, research examining cross-cultural differences in preferences for
facial adiposity suggests that facial adiposity preferences are not universal.
While intermediate levels of adiposity were perceived as optimally attractive in
Coetzee et al's (2009) white European sample, low levels of adiposity were

perceived as optimally attractive in Coetzee et al’'s (2012) Black African sample.
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In light of these results and those reported in Chapter 4, comparing how people
integrate information from facial cues of adiposity and color in different
geographic regions may be a fruitful avenue for future research. Indeed, the
importance of integrating information from shape and color cues may be greater
in geographic regions where the prevalence of diseases associated with rapid
weight loss (e.g., malaria) is higher. In such regions, the ability to distinguish
between individuals displaying low levels of adiposity because they are healthy
or because they are ill would be particularly valuable in facilitating pathogen
avoidance. Since pathogen load has previously been shown to predict regional
variation in preferences for putative health cues in faces (DeBruine et al., 2010,
2011; Moore et al., 2013; Scott et al., 2014), future work could investigate
whether regional variation in pathogen load mediates the interaction between

the effects of facial color and adiposity on attractiveness judgments.

The lack of universality in adiposity preferences highlighted by the above
findings raises the question of how adiposity preferences initially emerge.
Sociocultural theory proposes that the media’s portrayal of the ‘ideal’ body
shape encourages people to internalize unrealistic beauty ideals, engage in
appearance comparisons with them, and strive to achieve the unattainable,
ultimately leading to body dissatisfaction (Stice, 1994; Thompson et al., 1999).
The relationship between media exposure and body dissatisfaction among
women has been supported by extensive correlational and experimental studies
(see Grabe et al., 2008, and Want, 2009, for meta-analyses).

The media’s role in shaping body self-image may go some way towards

explaining general adiposity preferences, and offers a potential explanation for
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the finding that adiposity has stronger effects on attractiveness judgments than
health judgments (Coetzee et al., 2011; Stephen & Perera, 2014; see also
Chapter 4). Indeed, research suggests that physical beauty ideals can be
manipulated by visual exposure to altered stimuli (bodies: Boothroyd et al.,
2012; Re et al., 2011b; Winkler & Rhodes, 2007; faces: Bestelmeyer et al.,
2008; Rhodes et al., 2003b), by classical conditioning and social learning
(Jones et al., 2007b), and by the context in which these ideals are presented
(Bateson et al., 2014). Re et al. (2011b) found that visual exposure to heavy
bodies produced aftereffects on facial adiposity preferences, whereby
participants’ preferences shifted toward significantly higher facial adiposity

following adaptation to heavy bodies.

Interestingly, Boothroyd et al. (2016) found significant differences in preferences
for female BMI between Nicaraguan samples varying in their degree of media
exposure (measured by amount of television consumption) and Westernization
(measured by dieting behavior and acculturation). While the highest BMI
preferences were observed in the rural sample with least media access, the
lowest BMI preferences were observed in the urban sample where television
consumption was highest. Future research could build upon this cross-sectional
study by tracking people’s preferences for facial cues of adiposity over several
years and, ideally, across different cultures (i.e., track the adiposity preferences

of migrants).

Relatedly, examining the developmental trajectory of preferences for facial cues

of adiposity could be another interesting direction for future research. Several
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studies have found that children exhibit adult-like responses to faces. From
around age 4 to 5, children show agreement with adults about which faces are
attractive (Boothroyd et al., 2014; Cavior & Lombardi, 1973; Kissler & Bauml,
2000). Preferences for facial cues of health seem to emerge from around age 6
to 8 (Boothroyd et al., 2014), followed by facial averageness and symmetry
preferences from around age 9 (Boothroyd et al., 2014; Saxton et al., 2009;
Saxton et al., 2011). Some researchers have proposed that the new motivation
to find a romantic partner brought on by adolescence results in facial
attractiveness judgments becoming more fine-tuned and consistent at this stage
of development (see e.g., Scherf et al., 2012). Nevertheless, Saxton et al.
(2006) found that children, adolescents, and adults were significantly
concordant in their ratings of facial attractiveness, suggesting that
attractiveness judgments are relatively stable across age groups. By contrast,
preferences for facial health appear to increase from late childhood to early
adolescence, at least among girls (Boothroyd et al., 2014). In light of research
reporting a relationship between adolescents’ body dissatisfaction and their
ratings of peers’ physical attractiveness (Rosenblum & Lewis, 1999), it is
possible that self-perception of body image during adolescence plays a crucial
role in the developmental trajectory of adiposity preferences. Future work could
examine whether activities known to negatively impact body image, such as
social media use (see Holland & Tiggemann, 2016, for a review), have long-
lasting effects on people’s adiposity preferences and whether there is a critical

age at which such activities maximally influence preferences.
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Several lines of research have examined the relationship between steroid
hormones and adiposity. In women, oestrogen level is negatively related to
waist-hip ratio (Jasienska et al., 2004) and testosterone level is positively
related to central obesity (Bohler et al., 2010). In men, on the other hand,
central obesity is typically associated with low testosterone levels in both cross-
sectional (Pasquali et al., 1991) and longitudinal (Gapstur et al., 2002; Khaw &
Barrett-Connor, 1992) studies. Research examining the link between sex
hormones and facial cues of adiposity has reported negative correlations
between women’s facial adiposity and progesterone levels (Tinlin et al., 2013).
The negative relationship between oestrogen and women'’s facial adiposity

reported by Tinlin et al. (2013) did not reach significance, however.

Other work has examined possible relationships between women’s facial
appearance and cortisol levels. While Rantala et al. (2013b) found that cortisol
was significantly correlated with women’s facial attractiveness, other work
observed no significant relationship between women'’s cortisol and facial
attractiveness (Gonzalez-Santoyo et al., 2015; Han et al., 2016). Furthermore,
neither Han et al. (2016) nor Rantala et al. (2013b) observed significant
correlations between cortisol and measures of women’s adiposity (facial
adiposity, BMI, and percentage body fat). In men, however, strong relationships
have been documented between cortisol and various body measurements,
including BMI, WHR, and sagittal abdominal diameter (see Bjorntorp, 2001 for a
review). Further investigation may be required to establish whether there are

hormonal correlates of facial adiposity and what they might be.
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As an important determinant of physical attractiveness, it is possible that an
individual’'s body shape is advertised through other modalities such as dance.
Dance is typically characterised by sex-specific body movements (Hanna, 2010)
with certain movements being particularly good predictors of dance quality
(Neave et al., 2010). Research suggests that dance attractiveness plays an
important role in mating behavior (see Fink et al., 2015 for a review). Indeed,
several studies have documented a link between dance attractiveness and
physical strength, an important aspect of men’s mate quality (see e.g., Sell et
al., 2009). While physical strength is positively correlated with dance
attractiveness in men (Hugill et al., 2009; McCarty et al., 2013; Weege et al.,
2015), it appears to be unrelated to dance attractiveness in women (Weege et
al., 2015). Interestingly, Weege et al. (2015) found that BMI did not predict
dance attractiveness in either sex, although it should be noted that men’s and
women’s BMIs were log transformed in Weege et al.’s study due to the
detection of outliers. In view of work demonstrating that the amplitude of
movements is particularly important in signalling dance quality (Neave et al.,
2010) and other work showing that higher adiposity is associated with restricted
movement (Visser et al., 1998), further investigation of the relationship between
dance attractiveness and adiposity could shed light on adiposity’s role in dance

perception.

Another modality through which information about an individual’s body shape
might be communicated is the voice. The human voice has been shown to
reliably communicate information about several physical attributes, including the

speaker’s attractiveness, dominance, and body size (see Feinberg, 2008, and
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Pisanski et al., 2014, for reviews). A recent meta-analysis by Pisanski et al.
(2014) reported that estimates of vocal tract length explained up to 10% of the
variance in height and weight within sexes. By contrast, fundamental frequency
(i.e., pitch) explained less than 2% of the variance and correlated only weakly

with height and weight within sexes (Pisanski et al., 2014).

Despite the wealth of evidence examining the voice’s relationship to height and
weight, very few studies have examined the voice’s relationship to adiposity.
There is, however, some evidence suggesting that these two dimensions are
related. With regard to vocal tract anatomy, Busetto et al. (2009) found that
upper airway size (assessed by acoustic pharyngometry) was negatively related
to BMI in women. Other work has demonstrated that weight loss is associated
with decreased volume of pharyngeal adipose tissue (Shelton et al., 1993).
Pisanski et al. (2015) found that estimates of women’s vocal tract length were
positively correlated with BMI and negatively correlated with WHR. No
significant relationships were observed between estimates of men’s vocal tract
length and BMI, however. Although fundamental frequency was significantly
and negatively associated with women’s BMI, no significant relationship was
observed between fundamental frequency and women’s WHR (Pisanski et al.,
2015). While this latter finding complements research suggesting that
fundamental frequency is a relatively poor predictor of body shape (Bruckert et
al., 2006; Collins 2000), other work has reported a significant negative
correlation between fundamental frequency and factor scores obtained from
principal component analysis including women’s BMIs, WHRs, and percentage

body fat (Vuckovic et al., 2010). One possible explanation for Vuckovic et al.’s
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(2010) finding is that women with relatively low levels of oestrogens and/or high
levels of androgens might develop both more masculine bodies (i.e., lower
WHRs and increased visceral fat, Blouin et al., 2008) in addition to more
masculine voices (i.e., lower fundamental frequency, Abitbol et al., 1999).
Indeed, the relationship between adiposity and the voice may be further
complicated by the fact that androgens and oestrogens appear to affect both
vocal characteristics (Bruckert et al., 2006; Busetto et al., 2009; Evans et al.,
2008) and regional fat distribution (Bohler et al., 2010). Given that the accuracy
at which people can estimate the body shape of others based on vocal traits
alone has not yet been investigated, future work could examine which vocal

traits people use when estimating the adiposity of others based on their voices.
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Conclusion

Facial adiposity is reliably associated with perceptions of attractiveness and
health, as well as multiple measures of actual health. Very few studies have
investigated the factors that predict systematic variation in preferences for facial
cues of adiposity or how such variation is related to social outcomes, however.
This thesis demonstrated that individual differences in preferences for facial
cues of adiposity predict partner choice and pathogen disgust, revealing
possible pathways through which sexual selection and selective pressures
might have shaped facial adiposity preferences. That people integrate
information from skin color and shape cues of adiposity when judging others’
health and attractiveness suggests that responses to facial cues of adiposity
function to distinguish between healthy and unhealthy individuals. Adiposity
may also communicate information about sexual strategy, although the weak
relationship between facial correlates of BMI and women’s sociosexual
orientation suggests that perceptions of these potential cues of women’s sexual

strategy are unlikely to play an important role in social interactions.
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