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Abstract 
 
Social judgments of facial appearance may reflect that individual’s physical condition. In 

this thesis, I present empirical studies investigating social judgments of facial 

appearance and their underlying physiology. The first empirical chapter investigates the 

relationship between social judgments of women’s facial appearance and their salivary 

cortisol levels and body mass index (BMI). Faces of women with lower BMI were rated 

as more attractive, healthier, and more feminine. By contrast with previous research, 

social judgments of women’s faces were not related to their salivary cortisol, however. 

These results suggest that the type of health information reflected in women's faces 

includes qualities indexed by BMI, but does not necessarily include qualities indexed by 

cortisol.  

 

In my second empirical chapter, I investigated the interrelationships among a composite 

measure of men's actual threat potential (derived from measures of their upper-body 

strength, height, and weight) and composite measures of these men's perceived facial 

and vocal threat potential (derived from dominance, strength, and weight ratings of their 

faces and voices, respectively). Although men's perceived facial and vocal threat 

potential were positively correlated, men's actual threat potential was related to their 

perceived facial, but not vocal, threat potential. Consistent with other recent work on 

cues of men’s threat potential, these results present new evidence that men's faces may 

be a more valid cue of these aspects of threat potential than their voices are.  

 

Whereas Chapters 2 and 3 arguably focused on the possible role of face shape 

characteristics in communicating information about physical condition, Chapter 4 

focused specifically on facial coloration. In Chapter 4, I investigated the effects of 

manipulating color cues in White UK and Chinese faces on White UK and Chinese 

participants’ judgments of attractiveness and health. By contrast with the cross-cultural 

similarity between White UK and Black African participants’ responses to facial 

coloration reported in previous studies, I found cultural differences in the effects of facial 

coloration on Chinese and White UK participants' facial attractiveness and health 

judgments. While both Chinese and White UK participants preferred faces with 

increased lightness and redness, Chinese participants had stronger preferences for 

lightness and White UK participants had stronger preferences for redness. More 
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strikingly, while Chinese participants preferred faces with decreased yellowness, White 

UK participants preferred faces with increased yellowness, and this effect was not 

qualified by face ethnicity. These results suggest that preferences for facial coloration 

are not necessarily universal, but can differ across cultures. 

 

The research reported in this thesis suggests that faces contain information about body 

size (Chapters 2 and 3). They also show that responses to facial color cues, a putative 

cue of physical condition preferences for which have previously been suggested to be 

highly similar across cultures, can vary as a function of cultural factors (Chapter 4). 

Together, these results indicate that, although aspects of physical condition may be 

reflected in facial appearance, responses to facial cues are not necessarily universal. 
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Chapter 1 
General Introduction 
The human face has been extensively studied, since it conveys a great deal of 

information that is important for social interaction (for reviews, see Adolphs, 2001; 

Emery, 2000; Haxby, Hoffman, & Gobbini, 2000). Facial appearance plays an 

important role in fundamental aspects of human behavior, such as mate choice (e.g. 

DeBruine, et al., 2010; Jones et al., 2004, 2007; Little, Jones, & DeBruine, 2011; 

Wincenciak et al., 2015). Social perceptions of facial appearance may reflect 

psychological adaptations to identify underlying physiology of individuals (e.g., 

Buss & Schmitt 1993; Johnston, 2006). For example, facial attractiveness may be 

positively correlated with individual health status and fertility (e.g., Folstad & Karter, 

1992; Little, Jones, DeBruine, & Feinberg, 2008) and facial dominance may be 

linked to aspects of physical condition (e.g., body size and strength) that allow for 

high resource-holding ability (e.g., Thornhill & Gangestad, 1993,1999; Krupp, 

DeBruine, & Jones, 2011). Studying the underlying physiology behind facial 

appearance can then help build understanding of these aspects of human 

behavior.  

 

In this chapter, I will first review previous research on the potential links between 

facial appearance and aspects of health. Next, I will discuss previous research on 

the potential links between anthropometric attributes (i.e. height, weight and 

strength) and facial appearance. Finally, I will briefly discuss the literature on facial 

appearance and fertility and health-related hormones (i.e. testosterone, 

progesterone, estradiol, and cortisol). 

 

1.1 Seeing Health in the Face 
Evolutionary speaking, it is advantageous to bond with healthy mates and 

cooperate with healthy individuals, especially for people in the geographical areas 

carrying relatively greater prevalence of pathogens (Gangestad & Buss, 1993). It 

has been suggested that selecting a healthy mate can provide many benefits. 

These include both biological advantages, such as increased fertility, disease 

avoidance, and good genes for offspring, and material advantages, such as better 

parenting, nutrition, and protection (Andersson, 1994). Moreover, healthy 
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individuals tend to function well and potentially live longer, which means they could 

stably bring resources to benefit their mates, offspring and allies, over a longer 

period of time, whereas unhealthy individuals might not survive to reciprocate one’s 

aid (Thornhill & Gangestad, 1993, 1999; Krupp, DeBruine, & Jones, 2011).  

 

Humans may have evolved an ability to assess health status from facial cues to 

avoid contagion and pathogen, improving survival chances (Zebrowitz & Rhodes, 

2004). In the past decades, many studies have been conducted in western 

societies to investigate perceived facial cues that are related to actual health (e.g. 

Honekopp et al., 2004; Roberts et al., 2005b). However, results are very mixed. 

Studies employed various approaches to evaluate human health, such as 

frequency of illness, genetic markers of health, immune function, skin health, 

cardiovascular health, and longevity (e.g. Boothroyd et al., 2013; Foo, Rhodes, & 

Simmons, 2017; Hönekopp et al., 2004, 2007; Kalick et al., 1998; Lie, Simmons, & 

Rhodes, 2010; Rantala et al., 2012, 2013a, 2013b; Re et al., 2015; Thornhill & 

Gangestad, 2006). I will now discuss these studies. 

 

1.1.1 Frequency of Illness 
In this section, I will discuss studies investigating possible links between reported 

frequency of illness and facial appearance, grouped by the aspects of facial 

appearance that they studied: 1) Facial attractiveness, facial health and facial 

adiposity, 2) Facial symmetry and facial averageness, 3) Facial sexual dimorphism. 

 

1.1.1.1 Facial Attractiveness, Facial Health and Facial Adiposity 
Facial Attractiveness 

Kalick et al. (1998) used the Intergenerational Studies of Development and Aging 

database (a set of face images and health data collected from a sample of 

participants born between 1920 and 1929) to investigate the relationship between 

facial attractiveness and health. Health was measured from doctors’ ratings of 

general health based on medical records. Both male and female participants’ 

photos were taken during adolescence. No relationships were found between 

adolescent facial attractiveness and health conditions during any age periods 

(Kalick et al., 1998). However, some researchers have criticized this study because 

it used unstandardized black and white face faces, in which potential health cues 
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may be absent or obscured. For example, variation in facial expressions and lack 

of color information could have masked cues of health (Buechner, Maier, 

Lichtenfeld, & Elliot, 2015; Rhodes et al., 2001; Stephen, Smith, Stirrat, & Perrett, 

2009; Zebrowitz et al., 2014). 

 

Apart from relationships between facial appearance and general health condition, 

other studies have investigated possible relationships between facial appearance 

and specific illnesses (Shackelford et al., 1999; Gray et al., 2012; Boothroyd et al., 

2013). For example, Shackelford et al. (1999) found that, in female participants, 

headache frequency was negatively correlated with facial attractiveness. In male 

participants, both sore throat or cough and runny or stuffy nose were negatively 

correlated with facial attractiveness (Shackelford et al., 1999). However, these 

correlations would not be significant if corrected for multiple comparisons. Gray et 

al. (2012) and Boothroyd et al. (2013) found that antibiotic use and frequency of 

colds or flu was negatively correlated with facial attractiveness in both men and 

women. Together, the results described above present some evidence for 

associations between frequency of illnesses and facial attractiveness. However, 

these relationships do not appear particularly robust, since those significant 

correlations between illness symptoms and facial appearance were only a small 

part of large numbers of multiple correlations, which may be false positive results 

(Boothroyd et al., 2013; Gray et al., 2012; Shackelford et al., 1999). 

 

Perceived facial health and facial adiposity 

Kalick et al. (1998) claimed that health cues on faces were obscured by facial 

attractiveness. Consistent with this proposal, they found that perceived facial health 

was correlated with actual health when controlling for the effects of facial 

attractiveness. However, in non-clinical samples, almost all attempts to replicate 

this pattern of results have been unsuccessful, with none of the studies observing 

this pattern of correlations (Boothroyd et al., 2013; Gray et al., 2012; Kramer et al., 

2012). By contrast, several recent studies have found that people perceived to 

have lower levels of facial adiposity report fewer past health problems, score higher 

on measures of cardiovascular health, and tend to live longer (Coetzee et al., 2009; 

Reither et al., 2009; Tinlin et al., 2013). These results suggest that facial adiposity 

may be a particularly reliable facial health cue.  
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2.1.1.2 Facial Symmetry and Facial Averageness 
Symmetry 

Fluctuating asymmetry (FA) is deviation of morphologic symmetry in bilaterally 

paired traits and is thought to signal individual development under disruptive effects 

of both environmental pressures (e.g., parasitism, pollution) and genetic stress 

(e.g., mutations, inbreeding; Little, Jones, & DeBruine, 2011; Møller, 1997; Møller & 

Swaddle, 1997; Møller & Thornhill, 1998; Thornhill & Møller, 1997). Although 

controversial (e.g. Rhodes et al., 2001; Thornhill & Gangestad, 2006; Pound et al., 

2014), FA has been suggested as a potentially valuable cue of individual 

developmental stability and, therefore, health (Kowner, 1996; Livshits & Kobyliansk, 

1991; Simmons, Rhodes, Peters, & Koehler, 2004).  

 

Symmetric faces are preferred for both attractiveness judgments and health 

judgments (Rhodes et al., 1998; Perrett et al., 1999; Little & Jones, 2003; Little & 

Jones, 2006; Little, Apicella, Marlowe, 2007; Waitt & Little, 2006; Rhodes et al., 

2007). However, while there is good evidence that facial symmetry looks attractive 

and healthy, evidence that it is linked to measures of actual health is mixed. 

 

Rhodes et al. (2001) employed both subjective ratings of facial symmetry and 

objective measurement through facial metric analyses of position of eyes, nose, 

mouth, cheekbones, and jaw. They found little evidence for an association between 

actual health and symmetry, other than a marginally significant correlation between 

measured female facial asymmetry and health in middle adulthood. Other studies 

that focused on facial symmetry and frequency of illness mostly assessed facial 

symmetry using similar facial metric methods (Hönekopp, Bartholomé, & Jansen, 

2004; Hume & Montgomerie, 2001; Shackelford & Larsen, 1997; Thornhill & 

Gangestad, 2006). Among these studies, only Thornhill and Gangestad (2006) 

found positive associations between facial FA and health that indexed by number 

of respiratory infections in the past. Although Shackelford and Larsen (1997) 

reported a few weak associations between facial asymmetry and self-reported 

health symptoms (including mental health), they looked at a very large number of 

specific symptoms and more than 1000 correlations were examined, obviously 

raising the probability of false positives. Consequently, their results should be 
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treated very cautiously (Luevano, 2007). Additionally, negative results (i.e. 

non-significant) were found in one recent study with a particularly large sample 

(N=4732), with health assessed since childhood (Pound et al., 2014). This latter 

study supports the proposal that links between facial symmetry and actual health 

reported in some previous work were most likely false positives. 

Indeed, meta-analyses have also cast doubt on the robustness of the hypothesized 

link between FA and health in nonhuman animals (Polak, 2003; Tomkins & 

Simmons, 2003). 

 

Averageness 

Facial averageness (or prototypicality) is defined as how closely a face resembles 

the majority of other faces within a population (Little et al., 2011). The first visual 

representation of an average face was created by Francis Galton (1878), who also 

found that composited average faces were more attractive than individual faces 

(Galton, 1879). Other more recent studies have replicated this pattern of results 

(Grammer & Thornhill, 1994; Jones et al., 2001, 2004; Penton-Voak et al., 2001; 

Scheib et al., 1999). Although one study found that facial distinctiveness, the 

converse of facial averageness, was negatively related to past general health 

condition (Rhodes et al., 2001), more evidence is needed to support a relationship 

between facial averageness and frequency of illness. 

 

1.1.1.3 Facial Sexual Dimorphism 
Facial sexual dimorphism are mature features in adult human faces that differ 

between males and females. These are thought to reflect the circum-pubertal 

masculinization and feminization of males and females (Enlow, 1982; Thornhill & 

Møller, 1997; reviewed in Little et al., 2011). For example, males tend to have large 

jawbones, high brow ridges, thin cheeks, and prominent cheekbones, which make 

them looks masculine (Enlow, 1982; Thornhill & Møller, 1997; reviewed in Little et 

al., 2011). Females tend to have smaller jaws, brow ridges and cheekbones, and 

larger lips (Enlow, 1982; Thornhill & Møller, 1997; reviewed in Little et al., 2011). 

 

Facial Masculinity 

Rhodes et al. (2003) found rated masculinity in adolescent male faces correlated 

with their perceived health and actual health based on detailed medical 
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examinations and health histories. Although these correlations were still significant 

when controlling for attractiveness, attractiveness was not correlated with either 

masculinity or perceived health. Thornhill and Gangestad (2006) found male facial 

masculinity was negatively correlated with respiratory disease and antibiotic use, 

but not stomach illness. Additionally, there is evidence suggesting that male facial 

masculinity is positively linked to developmental health, as indexed by body 

fluctuating asymmetry (Gangestad & Thornhill, 2003). Consistent with Thornhill and 

Gangestad (2006), Boothroyd et al. (2013) also found male facial masculinity was 

negatively associated with respiratory diseases, but not stomach illness. 

Additionally, Boothroyd et al. (2013) found that male facial masculinity positively 

predicted future respiratory illness, but not links to antibiotic use. Although some 

aspects of these studies’ results were inconsistent with each other, each found 

some evidence that male facial masculinity positively links to health. 

 

Facial Femininity 

Thornhill and Gangestad (2006) found female facial masculinity was positively 

correlated with self-reported respiratory infections, but not stomach and intestinal 

infections or antibiotic use. Similarly, Gray and Boothroyd (2012) found female 

facial femininity was negatively linked with flu and antibiotic use, but not stomach 

bugs. Koehler, Simmons, Rhodes and Peters (2004) found positive associations 

between female facial femininity and body FA, but not facial FA. By contrast, 

Gangestad and Thornhill (2003) found a curvilinear relationship, but not a linear 

correlation, between women’s femininity and facial FA, but not body FA. 

Furthermore, Rhodes et al. (2003) found no correlation between rated female facial 

femininity and actual health, although facial femininity was positively correlated with 

perceived health. 

 

1.1.2 Immune Function 
Four empirical studies have investigated possible relationships between facial traits 

and immune responses (Rantala et al., 2012, 2013a, 2013b; Skrinda et al., 2014). 

They found that, in male samples, levels of immune response were positively 

associated with male facial attractiveness and facial masculinity and negatively 

associated with male facial adiposity (Rantala et al., 2012, 2013b; Skrinda et al., 

2014). However, in female samples, facial attractiveness and levels of immune 
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response were not linked (Rantala et al., 2013a). Using a wider range of immune 

responses, another more recent study also observed no evidence that facial 

appearance predicted immune function in either males of females (Foo et al., 

2017a). This more recent study suggests the links between immune response and 

male facial appearance reported previously are not robust.  

 

1.1.3 Genetic Markers of Health 
MHC genes code for peptides that initiate immune response. As each MHC allele 

corresponds to a restricted range of antigens, large MHC genetic diversity (i.e. 

MHC heterozygosity) could provide resistance to a broad range of pathogens 

(reviewed in Lie, 2009; Suri et al., 2003; Penn, 2002; Doherty & Zinhernagel, 1975). 

Consequently, individuals with greater MHC heterozygosity should have the ability 

to avoid more illness (i.e. their immune system can successfully detect and 

respond to a larger range of pathogens, Apanius et al., 1997). Male facial 

attractiveness is positively linked to MHC heterozygosity (Lie, Rhodes, & Simmons, 

2008; Lie, Simmons, & Rhodes, 2010; Roberts et al., 2005b), but no links were 

found between female facial attractiveness and MHC heterozygosity (Coetzee et 

al., 2007; Lie, Rhodes, & Simmons, 2008; Lie, Simmons, & Rhodes, 2010). 

However, Lie et al. (2010) found MHC dissimilarity was associated with female 

facial attractiveness, but not male facial attractiveness. Thornhill et al. (2003) did 

not find any links between facial attractiveness and MHC heterozygosity in either 

sex. Thus, evidence for links between attractiveness and heterozygosity is mixed. 

 

1.1.4 Skin Health 
Recent studies have investigated possible effects of facial skin color cues on 

attractiveness and health judgments. Research has suggested that the effects of 

skin coloration on facial attractiveness and health judgments are at least as large 

as effects of shape cues (e.g., Stephen et al., 2012b; Said & Todorov, 2011; Pound, 

Stephen, Clark, & Penton-Voak, 2010; Torrance, Wincenciak, Hahn, DeBruine, & 

Jones, 2014).  

 

The CIELab color space (CIE, 1976) is the most widely used color space in facial 

skin color research. It is modeled on the human visual system and consists of three 

independent color axes: L* (luminance-dark), a* (red-green) and b* (yellow-blue). It 
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has been reported that increasing facial yellowness, lightness, or redness 

increases both attractiveness and perceptions of traits that are highly correlated 

with attractiveness, such as health (Fisher, Hahn, DeBruine, & Jones, 2014; 

Kandrik et al., 2017; Stephen, Law Smith, Stirrat, & Perrett, 2009a; Stephen, 

Coetzee, Smith, & Perrett, 2009b; Stephen, Coetzee, & Perrett, 2011; Lefevre, 

Ewbank, Calder, Von Dem Hagen, & Perrett, 2013). Indeed, facial skin color is not 

only associated with perceived health, but also related to aspects of human health 

that can be modulated by lifestyle (e.g. diet, sun exposure).  

 

Skin Yellowness 

Carotenoids are a group of yellow-red pigments that are contained in a variety of 

vegetables and fruits. Modestly increasing carotenoids contained in vegetables and 

fruits can make facial skin color increase in yellowness (Whitehead, Re, Xiao, 

Ozakinci, & Perrett, 2012; Tan, Graf, Mitra, & Stephen, 2015; Foo, Rhodes, & 

Simmons, 2017). One study also found that skin yellowness (CIELab b*) was 

positively correlated with levels of carotenoids in the skin, and suggested this was 

attributable to normal dietary intake (Alaluf, Heinrich, Stahl, Tronnier, & Wiseman, 

2002).  

 

Apart from being a color ornament, carotenoids play an important role in disease 

resistance and immunocompetence in humans (reviewed in Stephen, 2009). For 

example, β-carotene (one forms of carotenoids) supplementation elevates the 

active number of T lymphocytes in healthy human adults (Alexander, Newmark, & 

Miller, 1985), and has a positive influence on the growth of the thymus gland in 

children (Seifter, Rettura, & Levenson, 1981). Additionally, β-carotene levels have 

been negatively correlated to skin cancer, photoaging of the skin (Stahl, Heinrich, 

Jungmann, Sies, & Tronnier, 2000; Taylor, Stern, Leyden, & Gilchrest, 1990) and 

incidence of UV-induced erythema (Alaluf et al., 2002), which may be because of 

its antioxidative properties (Alaluf et al., 2002).  

 

The carotenoid trade-off hypothesis proposed that using carotenoids for coloration 

prevents their use by the immune system (Von Schantz, Bensch, Grahn, 

Hasselquist, & Wittzell, 1999; Lozano, 1994). Carotenoid ornamentation (i.e. skin 

yellowness) may therefore be an honest signal of health (Lozano, 1994). 
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Exceptionally, unusually high levels of carotenoids, however, can occur in the body, 

either due to pathological mechanisms such as a failure to convert carotenoids to 

vitamin A or excessive intake. This can lead to skin yellowing, and is known as 

carotenaemia (Monk, 1983).  

 

Overall, high levels (in normal range) of carotenoids are therefore associated with 

elevated health status and increased facial skin yellowness, which could be caused 

by increased vegetables and fruits consumption in diet. In other words, individuals’ 

facial yellowness increasing may due to increase consumption of vegetables and 

fruits in their diet, which potentially signals their general health improvement. As 

indirect evidence, facial skin yellowness is positively correlated with facial 

attractiveness (which is highly correlated with perceived facial health) in both white 

and black African populations (Coetzee, Greeff, Stephen, & Perrett, 2014). 

Although one recent study suggested that carotenoid-based coloration may not be 

an honest signal of health (oxidative stress, innate immune function and semen 

quality were tested), they only tested on White male with beta-carotene (i.e. only 

one form of carotenoids) supplementation (Foo et al., 2017).  

 

Skin Lightness 

Skin lightness is negatively correlated with ultraviolet ray exposure. This tanning 

response causes increased darkness of the skin and increases levels of melanin. 

Melanin mainly affects levels of luminace (L*) and yellowness (b*) on the CIElab 

axes, showing a dark yellow colour (Stamatas, Zmudzka, Kollias, & Beer, 2004). 

Melanin is an effective absorber of light and can dissipate ultraviolet radiation 

efficiently (Meredith & Riesz, 2004), which can protect DNA and proteins from 

ultraviolet ray damaging, avoiding skin cancer and sunburn (Daniels, van der Leun, 

& Johnson, 1973; Robins, 1991). However, the prevention of ultraviolet penetration 

into the deep skin also prevents the formation of vitamin D that is mainly obtained 

from sunlight stimulation in the derma (Loomis, 1976). Vitamin D deficiency can 

lead to osteomalacia in adults and rickets in children (Murray, 1934). Therefore, 

skin luminance can be reduced due to sunlight exposure, which can protect skin 

damage from ultraviolet ray reducing skin cancer chance, but can also lead to 

vitamin D deficiency. Recent studies found that facial lightness is positively linked 

to facial attractiveness judgments (Stephen et al., 2009a, 2009b, 2011), though 
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there are cultural differences in degrees of skin lightness preference that may be 

caused by mass media exposure (Xie & Zhang, 2013). 

 

Skin Redness 

Skin redness can be affected by blood perfusion in blood vessels close to the 

surface of the skin (Stephen et al., 2009b). It has been suggested that increasing 

red skin coloration increases facial attractiveness and perceived health (Stephen et 

al., 2009a, 2009b; Re et al., 2011; Whitehead et al., 2012a, 2012b), which are 

thought to primarily reflect responses to facial cues of cardiovascular health 

(Stephen et al., 2009b).  

 

On the other hand, it has been observed in animal species (e.g. female rhesus 

masaques and mandrills) that estradiol can increase skin redness, which may be a 

cue of fertility (Dixson, 1998; Dubuc et al., 2009; Setchell et al., 2006). In women, 

Jones et al. (2015) observed that women’s facial skin was redder when their 

estradiol levels were higher and Oberzaucher et al. (2012) found women’s facial 

redness increased on the period of ovulation, when estradiol and fertility are both 

high. These data suggest that changes in facial redness of women might contain 

information about their general fertility, and reflect the possible vasodilatory effects 

of estradiol (Sobrino et al., 2009). 

 

1.1.4 Cardiovascular Health 
Cardiovascular health is an important element to individual health and physical 

fitness. It is related to almost all sports performance. There are four studies that 

investigated the relationship between facial traits and physical fitness using 

cardiovascular related data as evidence (Hönekopp, Bartholomé, & Jansen, 2004; 

Hönekopp, Rudolph, Beier, Liebert, & Müller, 2007; Shackelford & Larsen, 1997; 

Shackelford & Larsen, 1999). Hönekopp et al. (2004, 2007) used the Haro fitness 

test, which involves running, sit ups, push ups, etc. Results show that there is 

positive correlation between physical fitness test performance and attractive facial 

traits, in females, but not males. Shackelford & Larsen (1997, 1999) also assessed 

cardiovascular health (cardiac recovery time after exercise), finding a link between 

facial attractiveness and recovery time in male participants, but not in female 

participants. Overall, data suggests links between facial attractiveness and 
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cardiovascular health in both males and females, though the results were 

inconsistent across studies. 

 

1.1.5 Longevity 
Face researchers have investigated whether there are facial cues that predict the 

general longevity of individuals (Abel & Kruger, 2010; Christensen et al., 2009; Re 

et al., 2015; Henderson & Anglin, 2003). Two of these employed past yearbook 

photographs of students in the 1920s (Re et al., 2015; Henderson & Anglin, 2003), 

which means all the facial photos were taken in those people’s school age (i.e. 

young adults). Henderson and Anglin (2003) found that facial attractiveness of 

those young adults in photos was positively correlated with their actual longevity 

and the prediction was more robust for male faces than female faces. Re et al. 

(2015) did not replicate the association between facial attractiveness and longevity. 

However, they found facial adiposity was negatively correlated with longevity and 

many studies have reported that facial adiposity has a strong negative correlation 

with facial attractiveness (Coeztee et al., 2009). In conclusion, facial traits, such as 

facial attractiveness and facial adiposity, may be used as a predictor of longevity 

even for young adults. 

 

1.2 Facial Appearance and Anthropometrics 
1.2.1 Height 
Human body height has been found to play an important role in social inference 

and mate choice (reviewed in Re & Perrett, 2012). It has been suggested that taller 

people typically have higher income (Meyer & Selmer, 1999; Rashad, 2008; 

Steckel, 1983) and are likely to obtain greater success in business and political 

careers (Judge & Cable, 2004; McCann, 2001; Murray & Schmitz, 2011; 

Sorokowski, 2010). In a mating context, male body height is desirable in 

speed-dating events (Kurzban & Weeden, 2005) with taller men being more likely 

to receive interest from women in personal advertisements (Pawlowski & Koziel, 

2002). Although high stature increases male mating advantage (Shepperd & 

Strathman, 1989), evidence for associations between female statures and mating 

advantage are mixed (Courtiol et al., 2010; Shepperd & Strathman, 1989; Swami et 

al., 2008). 
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Given that tall people are generally preferred in mate selection, there may be cues 

in faces that signal body height. Indeed, body height is positively correlated with 

head size (Geraedts et al., 2011), face size (Mitteroecker, Gunz, Windhager, & 

Schaefer, 2013), and perceived facial height (Burton & Rule, 2013; Re et al., 2012; 

Re et al., 2013; Schneider, Hecht, Stevanov, & Carbon, 2013). It was suggested 

that individual levels of testosterone influence the facial appearance and body 

height during growth (Lorentzon, Swanson, Andersson, Mellstrom, & Ohlsson, 

2005; Verdonck, Gaethofs, Carels, & de Zegher, 1999).  

 

Moreover, people with long faces were perceived to be tall. Re and Perrett (2012) 

found that increasing facial length in photos could cause targets to be perceived 

taller. Facial elongation (full length of the face divided by the full width), but not 

facial width-to-height ratio, also predicted perceived height (Re et al., 2013). 

Additionally, chin area was found as a unique physical mediator of the 

actual-perceived height association, suggesting that individuals with large chins 

tend to be perceived as taller (Burton & Rule, 2013).  

 

Furthermore, the relationship between perceived height from face and actual body 

height is partially mediated by targets’ facial maturity and dominance, suggesting 

that social perceptions could influence estimations of height. Indeed, targets with 

higher perceived social status are judged as physically taller (Koulack & Tuthill, 

1972) and political candidates who are perceived as taller are more likely to be 

favored by voters (Sorokowski, 2010).  

 

1.2.2 Weight and Adiposity 
Body weight influences our social life and health. For example, in western society, 

socio-economic status and body weight tend to be negatively correlated (e.g., 

Moore, Stunkard, & Srole, 1997) and romantic partners’ weights are positively 

correlated (reviewed in Fisher et al., 2014). Obese individuals, especially during 

adolescence, often encounter negative labels, such as lazy, stupid, less attractive, 

or having few friends, and they are also vulnerable to weight biases, negative 

stereotypes, and stigmatization from others (Puhl & Latner, 2007). These negative 
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attitudes and stigma can negatively impact individuals’ psychological and physical 

health (Puhl & Latner, 2007).  

 

Body Mass Index (BMI) is weight scaled for height, which is frequently employed by 

health professionals and research scientists to measure adiposity (e.g. Stommel & 

Schoenborn, 2010; Jia & Lubetkin, 2005). It provides a simple numeric measure of 

a person’s thickness or thinness. In other words, it quantifies the amount of tissue 

mass (fat, muscle, and bone) of individuals so that people can compare 

weight/adiposity levels objectively, with little artificial influence from height 

differences. The World health Organization (WHO; WHO, 2000) generally classify 

adults’ BMI under 18.5 kg/m2 as underweight, between 18.5 kg/m2 and 25 kg/m2 

as normal weight, between 25 kg/m2 and 30 kg/m2 as overweight, and over 30 

kg/m2 as obese.  

 

A large number of studies have suggested that individuals in unhealthy ranges of 

BMI have increased risk of developing health problems. For example, compared to 

normal weight adults, underweight adults have decreased vitality, decreased 

immunity, poorer mental health, increased using of health services, and increased 

mortality (Brown et al., 2000; Flegal et al., 2005; Ritz and Gardner, 2006); 

overweight and obese adults have high risk of respiratory problems, osteoarthritis, 

gout, stroke, coronary artery disease, gallbladder disease, diabetes mellitus, sleep 

apnea, and a variety of cancers (Pi-Sunyer, 1993; Manson et al., 1995; Must et al., 

1999; Brown et al., 2000; Wilson et al., 2002; Mokdad et al., 2003). Moreover, BMI 

were also associated with both men’s and women’s fertility health (e.g., Jokela, 

Elovainio, & Kivimäki, 2008; Pandey, Pandey, Maheshwari, & Bhattacharya, 2010; 

Sallmén, Sandler, Hoppin, Blair, & Baird, 2006). 

 

Additionally, it has been suggested that the associations between BMI and health 

risks in Asian descendants is different from European descendants. Asians have a 

higher risk of type 2 diabetes and cardiovascular disease at lower BMIs than the 

WHO cut-off point for overweight, 25 kg/m2, though the cutoff points for observed 

risk varies among different Asian populations (Barba, Cavalli-Sforza, Cutter, & 

Darnton-Hill, 2004). 
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Given that weight is associated with health and our social life, can we easily and 

accurately judge others’ weight without scale? Face is one of the most direct and 

approachable information we can see from others, and it is an important cue that 

we are using to evaluate one’s weight condition. Windhager, Patocka and Schaefer 

(2013) using geometric morphometric methods found that white female 

adolescents with high BMI tend to have relatively large lower face with a wide jaw, 

small eyes with flat and low eye brows, wide and short nose, and full lips with the 

corners of a narrow mouth downturned (Figure 1.1 from Windhager et al., 2013). 

Apart from face shape, Mayer, Windhager, Schaefer, and Mitteroecker (2017) 

found women with higher BMI had a brighter and more reddish skin color than 

women with lower BMI. Similar patterns of results (i.e. both face shape and face 

color convey BMI information) were found in large samples (524 White female) with 

data driven approach (Wolffhechel et al., 2015). Henderson, Holzleitner, Talamas, 

and Perrett (2016) using 3D face models generated estimated BMI merely from 

face, which were highly correlated with actual BMI, which suggests face shape 

shows cues of BMI.  
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Figure 1. 1 Women’s BMI and facial features. High BMI White female adolescents facial features 
are associated with a relatively large lower face with a wide jaw, small eyes with flat and low 
eyebrows, wide and short nose, and full lips with the corners of a narrow mouth downturned. From 
Windhager et al. (2013).	  

 

The above four studies only tested White females, but all the results suggest that 

faces do convey body weight information (e.g. BMI; Henderson et al., 2016; Mayer 

et al., 2017; Windhager et al., 2013). Then, next questions are: Can people judge 

other’s weight merely from targets’ face, and is this universally true? Indeed, 

people tend to judge others’ weight from targets’ face. Facial adiposity, which is the 

perceived weight from face, is positively and linearly correlated with BMI (e.g. 

Coetzee, Perrett, & Stephen, 2009; Tinlin et al., 2013). 

 

There is growing evidence that facial adiposity is not only related to adults’ health at 

the perceptual level (Coetzee, Re, Perrett, Tiddeman, & Xiao, 2011; Coetzee, 

Perrett, & Stephen, 2014; Fisher, Hahn, Debruine, & Jones, 2014), but also to 

actual health condition, such as respiratory health (e.g. cold), cardiovascular health 

(e.g. blood pressure; Coetzee, Perrett, & Stephen, 2014), general physical and 
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psychological health (Tinlin et al., 2013), and immune response (e.g. the antibody 

response to a hepatitis C vaccination; Rantala et al., 2013b). Moreover, neck 

adiposity has been shown to be a better discriminatory factor in identifying type 2 

diabetes than BMI (Tafeit, Moller, Pieber, Sudi, & Reibnegger, 2000) and neck 

circumference has been shown to be a significant predictor of hypertension, 

independent of BMI (Laakso, Matilainen, Keinanen-Kiukaanniemi, 2002). 

Additionally, cheek fat has been found to be related to visceral abdominal fat, which 

is thought to be a particularly risky place to carry excess weight, though the 

participants in this study were all clinic patients (Levine, Ray, & Jensen, 1998). 

 

In conclusion, there is evidence that BMI and facial adiposity are positively 

correlated and both of them are associated with health. However, the cross 

ethnicity condition can significantly impact these relationships (except a few studies 

tested relationships between facial adiposity and health condition in different 

ethnicity populations), especially in Asia and White populations (e.g. Barba, 

Cavalli-Sforza, Cutter, & Darnton-Hill, 2004; Schneider, Hecht, Stevanov, & Carbon, 

2013). Therefore, future research should consider ethnicity factor when conduct 

facial adiposity and BMI related studies. Meanwhile, researchers could also include 

neck adiposity as a factor. 

 

1.2.3 Strength 
Strength is related to aspects of physical fitness, such as health (longevity), and 

formidability (physical competition advantage). It was found that handgrip strength 

is the best predictor of human longevity, compared to other physical indexes (e.g. 

blood pressure and physical activity levels), in a multi-countries population 

longitudinal study (Leong et al., 2015). One the other hand, obviously, in physical 

competition (e.g. physical fighting), large strength is advantageous (i.e. 

formidability).  

 

A growing body of literature suggests that intrasexual selection pressures might 

play an important role in shaping face traits (Puts, 2010; Puts, Jones, & DeBruine, 

2012; Scott, Clark, Boothroyd, & Penton-Voak, 2013; Holzleitner & Perrett, 2016). 

Great strength can directly benefit intrasexual competition (e.g. fighting). Therefore, 

it may have shaped the development of certain facial traits that signal physical 
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strength. Windhager, Schaefer, and Fink (2011) found men with larger handgrip 

strength had a rounder face with a lower forehead, widening between eyebrows, 

shorter nose, broadening of lower face and pounced masseter region (jaw 

muscles), using 2D images (Figure 1.2 from Windhager et al., 2011). Holzleitner 

and Perrett (2016) using 3D face images found that greater strength is associated 

with male facial features, such as higher forehead, more widely spaced eyebrows 

and eyes, greater bizygomatic width (more pronounced cheekbones), a longer 

midface, a wider mouth and a narrower mandible. Regarding females, higher 

strength had a shorter forehead, lower brow height and smaller, deeper-set eyes, a 

shorter middle range of face, a wider nose and mouth with thinner lips, shorter and 

wider chin and a wider and more angular mandible (Figure 1.3 from Holzleitner & 

Perrett, 2016).  

 

	  
Figure 1. 2 Men’s strength and facial features. Men with larger handgrip strength had rounder face 
with a lower forehead, widening between eyebrows, shorter nose, broadening of lower face and 
pounced masseter region (jaw muscles). From Windhager et al. (2011). 
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Figure 1. 3 Strength and 3D faces. A) Men’s strength and 3D faces.Increasing strength is 
associated with males facial features that are higher forehead, more widely spaced eyebrows and 
eyes, greater bizygomatic width (more pronounced cheekbones), a longer midface, a wider mouth 
and a narrower mandible. B) Women’s strength and 3D faces. In female, higher strength had a 
shorter forehead, lower brow height and smaller, deeper-set eyes, a shorter middle range of face, a 
wider nose and mouth with thinner lips, shorter and wider chin and a wider and more angular 
mandible. From Holzleitner and Perrett (2016). 

 

 

As we see, there are a few difference and even contradicted facial features (e.g. 

lower forehead vs. higher forehead) that signal male strength between results from 

Windhager et al. (2011) and results from Holzleitner and Perrett (2016). The 

causes may be from different face images (2D vs. 3D), different facial landmarks, 

and different techniques (geometric morphometric toolkit vs. Morphanalyser 2.4) 

that generate difference between high strength and low strength prototype faces. 

 

In order to make advantageous decisions about when to defer and to persevere in 

conflicts, people may benefit from being able to make accurate assessment of 

individual differences in aggressive formidability (Sell et al., 2009). Thus, people 

may have developed the ability to accurately assess physical strength from targets’ 

faces. Indeed, a number of empirical studies have been shown that people can 

judge individuals’ strength from their face (e.g. Holzleitner & Perrett, 2016; Sell et 

al., 2009; Toscano, Schubert, & Sell, 2014). Sell et al. (2009) reported results of a 

positive association between perceived physical strength from face photos and 

actual upper-body strength, from diverse samples included Bolivian horticultrualists, 

Andean pastroralists and US college students. Holzleitner and Perrett (2016) using 
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3D faces also found association between perceived facial physical strength and 

actual strength, though only had weak relationship, which may be because they 

used the same average skin texture in 3D face images, whereas Sell et al. (2009) 

used color 2D face images. It was suggested that facial color also conveys strength 

information (e.g. Stephen, Oldham, Perret, & Barton, 2012a). Holzleitner and 

Perret’s (2016) sample size and diversity were smaller than Sell et al. (2009), and 

Sell et al. (2009) tested multiple body strength (e.g. arm curl, abdominal crunch, 

chest press and super long pull), flexed biceps circumference and a self-report 

measure of strength in their composite measure of actual strength, whereas 

Holzleitner and Perrett (2016) only tested handgrip strength and chest strength, 

which all can potentially cause less robust results. 

 

Furthermore, the correlation between perceived strength from face and actual 

strength is mediated by a number of facial features. For example, facial hair (beard) 

can exaggerate facial dominance and facial masculinity (Dixson, Lee, Sherlock, & 

Talamas, 2017), and both facial dominance and facial masculinity are reported 

highly correlated with actual strength (Fink et al., 2007; Windhager et al., 2011). 

Facial width to height ratio (fWHR) was linked to both perceived formidability and 

actual formidability (reviewed in Geniole, Denson, Dixson, Carré, & McCormick, 

2015; Zilioli et al., 2014), and strength is one of the important components in 

formidability (Sell, 2005). Stephen et al., (2012a) reported skin color, especially 

redness, is associated with judgments of physical dominance. Therefore, facial hair, 

fWHR and skin color could be factors that mediated the relationship between 

perceived strength from faces and actual strength. 

 

1.3 Hormonal Profiles and The Face 
1.3.1 Testosterone 
Several recent studies have focused on the possible links between testosterone 

and facial appearance (e.g. attractiveness, dominance; see Little et al, 2011 for a 

review). Previous studies have investigated the association between testosterone 

and perceptions of facial appearance particularly in male. Some results suggested 

that basal testosterone levels are positively associated with male facial traits, such 

as dominance and attractiveness (Penton-Voak & Chen, 2004; Roney et al., 2006; 
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Swaddle & Reierson, 2002; Moore et al., 2011a; Roney et al., 2016). However, 

other studies did not observe these links between basal testosterone levels and 

male facial attractiveness and dominance-related judgments (Hönekopp et al., 

2007; Kandrik et al., 2017; Neave, Laing, Fink, & Manning, 2003; Pound, 

Penton-Voak, & Surridge, 2009). In female populations, Wheatley et al. (2014) 

observed a negative association between testosterone and facial attractiveness, 

but Gonzalez-Santoyo et al. (2015) found there were no links between testosterone 

and facial attractiveness.  

 

Inconsistent results for testosterone may be due to these correlations being 

modulated by cortisol (e.g. Moore et al, 2011a,b; Rantala et al., 2012). However, 

the strongest test of this hypothesis to date saw no evidence of this (Kandrik et al., 

2017). 

 

1.3.2 Progesterone and Estradiol 
Law Smith et al. (2006) found that facial attractiveness related traits (i.e. femininity, 

attractiveness, health and the component from these three traits) were positively 

correlated with late follicular estradiol and positively correlated (marginally 

significant) with average progesterone levels in luteal phase. However, neither Puts 

et al. (2013) nor Jones et al. (2017) replicated these results.  

 

1.3.2 Cortisol 
Cortisol plays a complex and important role in regulating the immune system 

(reviewed in Martin, 2009 and Sapolsky et al., 2000). For example, the first wave of 

glucocorticoids produced in stress responses have both stimulating and inhibitory 

effects on immunity (Chrousos, 1995; Reichlin, 1993) and both infectious and 

noninfectious stressors can trigger immune activation (Harbuz & Lightman, 1992; 

Morrow et al., 1993). However, this activation is typically relatively short lived 

(Sapolsky et al., 2000). Where levels of glucocorticoids are elevated for relatively 

long periods of time, such as days or even weeks, they tend to have 

immunosuppressive effects, such as inhibition of the synthesis, release, and 

efficacy of mediators that promote immune reactions (see Martin, 2009; Sapolsky 

et al., 2000). Thus, high trait (i.e., average) levels of cortisol may be a biomarker for 

poor health. 
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Rantala et al. (2013) found plasma cortisol levels were negatively associated with 

female attractiveness. However, Gonzalez-Santoyo et al. (2015) found saliva 

cortisol levels were negatively associated with female facial dominance but not 

attractiveness. For male faces, evidence for links between attractiveness and 

cortisol are similarly mixed (Kandrik et al., 2017).  

 

1.4 Current Research 
 

As you have seen, evidence for links between aspects of facial appearance and 

physical condition is far from robust (e.g., hormone and facial appearance). This is 

surprising, since these links are core to many influential theories of attractiveness 

(e.g., many popular ‘mate-choice’ theories). Consequently, in the first two empirical 

studies, I investigated hypothesized relationships between facial appearance and 

physical condition.  

 

In Chapter 2, I investigated the possible relationships between aspects of facial 

appearance (attractiveness, health, dominance) and both adiposity and salivary 

cortisol in a large sample of young adult women. In Chapter 3, I investigated the 

hypothesized relationships between aspects of men’s threat potential (height, 

upper-body strength, weight) and facial appearance. To foreshadow the results of 

these studies, I found that women’s faces contained cues of their adiposity, but not 

cortisol (Chapter 2), and that men’s faces contained cues to their threat potential 

(Chapter 3).  

 

An assumption of much of the research on facial cues of physical condition is that 

responses to these cues are similar across cultures. This claim has been made 

particularly strongly recently for responses to facial color cues, which have 

received a great deal of attention in recent years in the attractiveness literature. 

Consequently, in Chapter 4, I compared Chinese and White UK participants’ 

preferences for color cues in both Chinese and White UK faces. While cultural 

similarities in these preferences would support the claim that preferences for these 

cues reflect culturally invariant responses, cultural differences in responses would 
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challenge the popular and influential hypothesis that responses to color cues in 

faces are universal. 
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Chapter 2 
 

Women’s facial attractiveness is related to their body 
mass index, but not their salivary cortisol 
 

The following chapter is based on work published in American Journal of Human 

Biology. 

 

Han, C., Hahn, A. C., Fisher, C. I., DeBruine, L. M., & Jones, B. C. (2016). 

Women's facial attractiveness is related to their body mass index but not their 

salivary cortisol. American Journal of Human Biology, 28(3), 352-355. 

 

Abstract 

Although many theories of human facial attractiveness propose positive 

correlations between facial attractiveness and measures of actual health, evidence 

for such correlations is somewhat mixed. Here we sought to replicate a recent 

study reporting that women’s facial attractiveness is independently related to both 

their adiposity and cortisol. Ninety-six women provided saliva samples, which were 

analyzed for cortisol level, and their height and weight, which were used to 

calculate their body mass index (BMI). A digital face image of each woman was 

also taken under standardized photographic conditions and rated for attractiveness. 

There was a significant negative correlation between women’s facial attractiveness 

and BMI. By contrast, salivary cortisol and facial attractiveness were not 

significantly correlated. Our results suggest that the types of health information 

reflected in women's faces include qualities that are indexed by BMI, but do not 

necessarily include qualities that are indexed by cortisol. 
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2.1 Introduction 
Theories of human mate choice often propose that judgments of others’ facial 

attractiveness are psychological adaptations that identify healthy individuals (see 

Gangestad & Simpson, 2000 and Little et al., 2011 for comprehensive reviews of 

these theories). Links between health and facial attractiveness might also be 

expected because distinguishing between healthy and unhealthy individuals is 

important for both reducing exposure to infectious diseases (e.g., Tybur & 

Gangestad, 2011) and identifying social partners who will be able to reciprocate 

investment of resources (e.g., Krupp et al., 2011).  

 

Although many different theories predict correlations between facial attractiveness 

and measures of actual health, evidence for such correlations is mixed. For 

example, although some studies have reported that people with more attractive 

faces report fewer past health problems (e.g., Hume & Montgomerie, 2001; 

Shackelford & Larson, 1999), other studies have not observed significant 

correlations between facial attractiveness and reported health problems (Kalick et 

al.1998; Thornhill & Gangestad, 2006). Evidence that facial characteristics that are 

perceived to be healthy (e.g., facial symmetry and prototypicality) are negatively 

correlated with reported incidence of past health problems is similarly mixed 

(Rhodes et al., 2001; Shackelford & Larson, 1997; Thornhill & Gangestad, 2006; 

Zebrowitz & Rhodes, 2004), as is evidence for correlations between sexually 

dimorphic facial characteristics and past health problems (Gray & Boothroyd, 2012; 

Rhodes et al., 2003; Thornhill & Gangestad, 2006). Although it has been reported 

that men with more masculine or attractive faces showed stronger immune 

responses to hepatitis B vaccinations, no such link between facial attractiveness 

and immune response was found for women (Rantala et al., 2012, 2013a, 2013b).  

 

While evidence for correlations between most facial cues and measures of actual 

health is rather mixed, recent work on facial cues of adiposity is more consistent; 

people whose faces are perceived to be relatively slim report fewer past health 

problems, score higher on measures of cardiovascular health, and tend to live 

longer (Coetzee et al., 2009; Tinlin et al., 2013; Reither et al., 2009). Some work 
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also suggests that facial cues of adiposity predict some aspects of health even 

when controlling for the role of BMI (Tinlin et al., 2013), suggesting that facial cues 

of adiposity are not necessarily redundant with other adiposity markers (e.g., body 

size and/or shape). Men whose faces are perceived to be relatively slim also show 

stronger immune responses to hepatitis B vaccinations, even when controlling for 

the effects of facial masculinity (Rantala et al., 2013a). These findings for health 

measures and facial cues of adiposity are consistent with research suggesting that 

measures of adiposity, such as body mass index (BMI), are good predictors of 

long-term health outcomes (reviewed in Calle et al., 1999). 

 

Cortisol plays an important, but complex, role in regulating the immune system (see 

Martin, 2009 and Sapolsky et al., 2000 for comprehensive reviews). For example, 

the first wave of glucocorticoids produced in stress responses have both 

stimulating and inhibitory effects on immunity (Chrousos, 1995; Reichlin, 1993) and 

both infectious and noninfectious stressors can trigger immune activation (Harbuz 

& Lightman, 1992; Morrow et al., 1993). However, this activation is typically 

relatively short-lived (Sapolsky et al., 2000). Where levels of glucocorticoids are 

elevated for relatively long periods of time, such as days or even weeks, they tend 

to have immunosuppressive effects, such as inhibition of the synthesis, release, 

and efficacy of mediators that promote immune reactions (see Martin, 2009 and 

Sapolsky et al., 2000). Thus, high trait (i.e., average) levels of salivary cortisol may 

be a biomarker for poor health.  

 

Some recent studies have reported that men with lower average cortisol have more 

attractive faces (Moore et al., 2011a, 2011b). Additionally, a recent study reported 

that women with lower average cortisol have more attractive faces, even when 

controlling for the effects of adiposity (Rantala et al., 2013a). These results for 

women’s attractiveness suggest that women’s facial attractiveness may contain at 

least two different types of health information; information that is indexed by cortisol 

and information that is indexed by adiposity. However, that another recent study 

(Gonzalez-Santoyo et al., 2015) observed no significant correlation between 

women’s cortisol and ratings of their facial attractiveness suggests that the 

association between attractiveness and cortisol reported by Rantala et al. (2013a) 
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may not be robust. Consequently, the current study attempted to replicate Rantala 

et al’s (2013a) results for cortisol, adiposity, and women’s facial attractiveness.  

 

2.2 Methods 
Ninety-six white women (mean age=21.42 years, SD=3.02 years) at University of 

Glasgow (UK) came into the lab once a week for five weeks (i.e., each participant 

completed five test sessions in total). Participants were recruited to the study only if 

they were not currently using any hormonal supplements (e.g., oral contraceptives) 

and had not used any form of hormonal supplements in the 90 days prior to their 

participation. None of the participants reported being pregnant, having been 

pregnant recently, or breastfeeding. All aspects of the study had been approved by 

our local ethics committee and all participants provided written consent prior to 

participating. 

 

In each of the five test sessions, each woman first cleaned her face with 

hypoallergenic face wipes to remove any make up. A full-face digital photograph 

was taken a minimum of 10 minutes later. Photographs were taken against a 

constant background, under standardized lighting conditions, and participants were 

instructed to pose with a neutral expression and looking directly at the camera. 

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 other recent studies (e.g., Jones et al., 2015), face 

images were color calibrated using a least-squares transform from an 

11-expression polynomial expansion developed to standardize color information 

across images (Hong et al., 2001). Images were aligned on pupil position and 

masked so that hairstyle and clothing were not visible. Only the face photograph 

from each participant’s first test session was used in the current study. 

 

In each test session, participants provided a saliva sample via passive drool 

(Papacosta & Nassis, 2011). Participants were instructed to avoid consuming 

alcohol and coffee in the 12 hours prior to participation and avoid eating, smoking, 
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drinking, chewing gum, or brushing their teeth in the 60 minutes prior to 

participation. Each individual woman’s test sessions took place at approximately 

the same time of day. Twenty-nine of the women were tested between 10am and 

11am each time, 14 of the women were tested between 12pm and 1pm each time, 

13 of the women were tested between 1pm and 2pm each time, 14 of the women 

were tested between 2pm and 3pm each time, and 15 of the women were tested 

between 3pm and 4pm each time. Saliva samples were frozen immediately and 

stored at -32°C until being shipped, on dry ice, to the Salimetrics Lab (Suffolk, UK) 

for analysis, where they were assayed using the Salivary Cortisol Enzyme 

Immunoassay Kit 1-3002. All assays passed Salimetrics’ quality control. The 

average cortisol level for each participant was calculated for use in analyses by 

averaging cortisol values for each woman from all five of her test sessions (M=0.23 

µg/dL, SD=0.12 µg/dL).  

 

Each participant’s height (M=166.22 cm, SD=5.30 cm) and weight (M=65.23 kg, 

SD=12.61 kg) was measured and used to calculate their BMI (M=23.53 kg/m2, 

SD=3.92 kg/m2). According to the World Health Organization’s (WHO) 

classifications (WHO, 2000), 5 of the women were in the underweight BMI category 

(<18.5 kg/m2), 65 of the women were in the normal category (18.5–24.99 kg/m2), 

19 of the women were in the overweight category (25–29.99 kg/m2) and 7 of the 

women were in the obese category (>30 kg/m2).  

 

207 men and 266 women (mean age=24.14 years, SD=6.03 years) rated the faces 

for attractiveness, health, femininity, or weight in an online study using 1 (low) to 7 

(high) scales. Each participant rated the faces on only one of these dimensions and 

the dimension that any participant was allocated to rate the faces on was randomly 

determined. Each participant also rated only a randomly selected subset of 40 of 

the 96 faces. Trial order was fully randomized. Using the same paradigm, a 

different group of 52 men and 67 women (mean age=24.97 years, SD=10.89 years) 

rated the faces for dominance. Of the participants in the face rating part of the 

study, 73% reported they were White, 5% reported they were East Asian, 4% 

reported they were West Asian, and 2% reported they were Black. The remaining 
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participants either reported their ethnicity as “other” or chose not to report their 

ethnicity. 

 

Inter-rater reliability for all 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 each dimension. The average correlation was high for each of the 

five dimensions (all r>.87, all SD<.02). 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, health, femininity, dominance, and 

weight rating for each face. These average ratings were used in our analyses. 

 

2.3 Results 
To control for possible effects of diurnal shifts in hormone levels (Papacosta & 

Nassis, 2011), average cortisol values were standardized for time of day prior to 

analyses. This was done by grouping participants by hour of testing (between 

10am and 11am, between 12pm and 1pm, between 1pm and 2pm, between 2pm 

and 3pm, or between 3pm and 4pm) and converting average cortisol values within 

each group to z-scores. Women’s cortisol levels from the first test session (i.e., the 

test session in which the photograph presented in the face rating part of the study 

had been taken) were also standardized in this way. This method for controlling for 

possible effects of diurnal shifts in cortisol is similar to that used in other studies, in 

which salivary cortisol levels were standardized for time since waking via 

conversion to z-scores (e.g., Flinn, 2009). 

 

Table 2.1 shows the simple (i.e., zero-order) correlations among all variables. BMI 

was negatively and significantly correlated with facial attractiveness (r=–.43, N=96, 

p<.001), facial health (r=–.41, N=96, p<.001), and facial femininity (r=–.32, N=96, 

p=.002). BMI was positively and significantly correlated with facial adiposity (r=.67, 

N=96, p<.001). BMI was not significantly related to facial dominance (r=–.09, N=96, 

p=.39). No significant correlations were observed between average cortisol (all 

|r|<.16, all N=96, all p>.14) or first test session cortisol (all |r|<.15, all N=96, all 
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p>.17) and any of the face ratings. Figures showing the relationships between face 

ratings and BMI (Figure 2.1), average cortisol (Figure 2.2), and first test session 

cortisol (Figure 2.3) are given in below. 

 

Table 2. 1	  r-values (and 2-tailed p values) for linear relationships among all variables. (These were 
included at the request of a referee)	  

 

 Average 
cortisol 

First 
session 
cortisol 

Attractive
ness 

Health Femininity Adiposity Dominanc
e 

Age 

BMI –.03 

(.76) 

–.09 

(.38) 

–.43 

(<.001) 

–.41 

(<.001) 

–.32 

(.002) 

.67 

(<.001) 

–.09 

(.39) 

.09 

(.38) 

Average 
cortisol 

 .67 

(<.001) 

–.11 

(.28) 

–.10 

(.34) 

–.08 

(.43) 

.05 

(.60) 

.15 

(.15) 

.18 

(.08) 

First 
session 
cortisol 

  .09 

(.40) 

.07 

(.48) 

.09 

(.37) 

–.09 

(.36) 

.14 

(.17) 

.16 

(.13) 

Attractive
ness 

   .85 

(<.001) 

.89 

(<.001) 

–.59 

(<.001) 

.26 

(.010) 

–.07 

(.49) 

Health     .76 

(<.001) 

–.52 

(<.001) 

.17 

(.11) 

–.10 

(.33) 

Femininity      –.44 

(<.001) 

.20 

(.053) 

–.12 

(.23) 

Adiposity       –.08 

(.43) 

–.05 

(.63) 

Dominanc
e 

       .24 

(.02) 
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Figure 2. 1	  Scatterplots showing relationships between women’s BMI and each facial dimension. 
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Figure 2. 2 Scatterplots showing relationships between women’s average cortisol (standardized for 
time of day) and each facial dimension. 
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Figure 2. 3 Scatterplots showing relationships between cortisol from first test session (standardized 
for time of day) and each facial dimension. 
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Repeating all of the analyses described above with average face ratings derived 

from either heterosexual male raters’ responses only or heterosexual female raters’ 

responses only showed the same pattern of results in all cases (i.e., showed 

significant relationships between face ratings and BMI, but not between face 

ratings and either of the cortisol measures). These patterns of results were also 

seen when non-parametric correlational tests (Spearman’s rho) were used. 

 

Finally, we tested whether the relationships between BMI and facial appearance 

were best characterized by linear or quadratic relationships using the same method 

reported in Rantala et al. (2013a). BMI was first centered on its mean. A regression 

analysis in which face ratings were the dependent variable and the centered BMI 

and the square of the centered BMI were simultaneously entered as predictors was 

then carried out separately for each of the five facial dimensions considered in our 

study (facial attractiveness, health, femininity, dominance, and adiposity). For 

attractiveness ratings, this analysis showed a significant negative linear 

relationship between BMI and attractiveness (t=–3.60, standardized beta=–.41, 

p=.001). The quadratic relationship was not significant (t=–0.31, standardized 

beta=–.04, p=.76). Similar patterns of results were observed for the analyses of 

health (linear: t=–3.55, standardized beta=–.41, p=.001; quadratic: t=–0.03, 

standardized beta=–.003, p=.98) and femininity (linear: t=–2.24, standardized 

beta=–.27, p=.027; quadratic: t=–0.73, standardized beta=–.09, p=.47) ratings. The 

analysis of adiposity ratings showed a significant positive linear relationship 

between BMI and adiposity ratings (t=7.48, standardized beta=.70, p<.001). The 

quadratic relationship was not significant (t=–0.45, standardized beta=–.04, p=.65). 

For dominance ratings, neither the linear (t=–1.66, standardized beta=–.21, p=.10) 

nor quadratic relationships were significant (t=–1.66, standardized beta=–.21, 

p=.10). 

 

2.4 Discussion 
Consistent with other recent studies (e.g., Coetzee et al., 2009; Tinlin et al., 2014), 

we found that ratings of women's facial adiposity were strongly correlated with their 

actual BMI. These results indicate the existence of facial cues of BMI in women's 
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faces (see also Windhager et al., 2013 for corresponding evidence from studies of 

percentage body fat, rather than BMI). We also found that women with lower BMIs 

tended to have more attractive, healthier-looking faces. A similar relationship was 

observed for femininity ratings of women's faces (i.e., women with lower BMIs were 

rated as looking more feminine), which is a novel result not previously reported in 

the literature. These results suggest that cues of adiposity are important for social 

judgments of women’s faces.  

 

We observed no significant correlations between ratings of women's faces and 

their cortisol levels. This pattern was seen both when average cortisol levels (i.e., 

cortisol levels collapsed across test sessions) were analyzed and when only 

cortisol levels from the same test session as the photograph were analyzed. These 

null results contrast with Rantala et al. (2013a), who recently reported a significant 

negative relationship between women's facial attractiveness and cortisol. Like our 

study, Gonzalez-Santoyo et al. (2015) also reported no significant correlations 

between women’s cortisol and facial attractiveness and femininity. However, and 

unlike our study, Gonzalez-Santoyo et al. (2015) observed a significant negative 

correlation between cortisol and women’s facial dominance.  

 

There are several possible explanations for these inconsistent results. For example, 

effects of changes in women’s facial appearance over the menstrual cycle (e.g., 

Puts et al., 2013), which were controlled for only in Rantala et al. (2013a), may 

have obscured relationships between attractiveness and cortisol in the current 

study and Gonzalez-Santoyo et al’s (2015) study. It is also possible that the 

inconsistent results reflect cross-cultural differences in social judgments of faces 

and/or the nature of the relationships between hormones and appearance, since 

the studies were conducted using different populations. Differences in the visibility 

of hairstyle, hair-quality, and clothing across studies, whether plasma or salivary 

cortisol levels were investigated, and differences in how researchers controlled for 

possible effects of diurnal shifts in cortisol levels may also have contributed to the 

inconsistencies. Future research exploring these, and other, possibilities may help 

clarify the reasons for the inconsistent results across studies. 
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Some previous research on the relationship between women’s facial appearance 

and measures of their adiposity reported that overweight and underweight women 

were more attractive and healthier-looking than women with normal adiposity levels 

and that these quadratic relationships explained variation in facial appearance 

better than simple linear relationships did (e.g., Coetzee et al., 2009; Rantala et al., 

2013). By contrast with these results, here we found that linear relationships 

between BMI and facial appearance explained more of the variation in 

attractiveness, health, and femininity than did the corresponding quadratic 

relationships. Importantly, we emphasize here that these results do not indicate 

that very thin women have particularly attractive, healthy, or feminine faces; 

according to the World Health Organization’s classifications (WHO, 2000) only 5 of 

the 96 women in our study were underweight.  

 

Our results linking perceptions of women's facial attractiveness, health and 

femininity to their BMI present further evidence for the existence of health cues in 

women's faces and the importance of adiposity cues for social judgments of 

women's faces. That no relationships were observed between ratings of women's 

faces and cortisol suggests that the associations reported in two recent studies 

might not necessarily be robust (Gonzalez-Santoyo et al., 2015; Rantala et al., 

2013a). Our results for perceptions of women’s facial attractiveness, health, and 

femininity then raise the possibility that the types of health information reflected in 

women's faces include qualities that are indexed by BMI, but do not necessarily 

include qualities that are indexed by cortisol. That facial adiposity appears to be a 

particularly important health cue for judgments of women's attractiveness is 

consistent with other recent work suggesting that facial adiposity is a particularly 

important health cue for judgments of men's attractiveness (Rantala et al., 2013b). 

 

The work reported in Chapter 2 presents further evidence for visible adiposity cues 

in women’s faces. However, it also casts doubt over the recent claims that 

women’s facial attractiveness and dominance is correlated with the stress hormone 

cortisol (Gonzalez-Santoyo et al., 2015; Rantala et al., 2013a). While this chapter 
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focused on links between physical measures and women’s faces, Chapter 3 will 

examine hypothesized links between physical characteristics thought to index 

men’s threat potential and aspects of their facial appearance. 
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Chapter 3 
 
Interrelationships among men’s threat potential, facial 
dominance, and vocal dominance 
 

The following chapter is based on work published in Evolutionary Psychology. 

 

Han, C., Kandrik, M., Hahn, A. C., Fisher, C. I., Feinberg, D. R., Holzleitner, I. J., 

DeBruine, L. M., & Jones, B. C. (2017). Interrelationships Among Men’s Threat 

Potential, Facial Dominance, and Vocal Dominance. Evolutionary Psychology, 

15(1), 1474704917697332.	  

	  

Abstract 

The benefits of minimizing the costs of engaging in violent conflict are thought to 

have shaped adaptations for the rapid assessment of others' capacity to inflict 

physical harm. Although studies have suggested that men's faces and voices both 

contain information about their threat potential, one recent study suggested that 

men's faces are a more valid cue of their threat potential than their voices are. 

Consequently, the current study investigated the interrelationships among a 

composite measure of men's actual threat potential (derived from measures of their 

upper-body strength, height, and weight) and composite measures of these men's 

perceived facial and vocal threat potential (derived from dominance, strength, and 

weight ratings of their faces and voices, respectively). Although men's perceived 

facial and vocal threat potential were positively correlated, men's actual threat 

potential was related to their perceived facial, but not vocal, threat potential. These 

results present new evidence that men's faces may be a more valid cue of these 

aspects of threat potential than their voices are.  
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3.1 Introduction 
Evidence suggests that aggressive conflict among ancestral males has been an 

important selection pressure (Manson & Wrangham, 1991; Keeley, 1996) that may 

have led to adaptations for assessing the threat potential of others prior to actual 

combat (Puts, 2010; Sell et al., 2009). Much of the research into cues of threat 

potential in humans has investigated the relationships between measures of men’s 

threat potential (e.g., measures of their upper-body strength, height, or weight) and 

their facial or vocal characteristics (reviewed in Puts, 2010; Puts, Jones, & 

DeBruine 2012).  

 

Several studies have reported positive correlations between measures of men’s 

upper-body strength (e.g., their handgrip strength) and ratings of their faces for 

dominance or strength (Fink et al., 2007; Holzleitner & Perrett, 2016; Sell et al., 

2009; Windhager et al., 2011). Strength ratings of men’s voices are also positively 

correlated with measures of their actual physical strength (Sell et al., 2010) and 

men’s voices have been shown to contain acoustic characteristics that are 

correlated with their strength, height, and/or weight (Hill et al., 2013; 

Hodges-Simeon et al., 2014; Puts et al., 2012; Pisanski et al., 2016). Other work 

has found that taller men’s faces are perceived to be more dominant (Burton & 

Rule, 2013; Re et al., 2013). People can also predict the winners of mixed martial 

arts fights from facial cues alone at levels greater than chance (Little et al., 2015). 

Collectively, these results suggest that both faces and voices contain cues of men’s 

threat potential. However, research reporting that men’s fighting ability can be 

assessed from their faces, but not their voices, suggests that faces may be a more 

valid cue of some aspects of men’s threat potential than their voices are (Doll et al., 

2014).  

 

In light of Doll et al’s (2014) recent findings for fighting ability, we investigated the 

relationships among men’s actual threat potential and ratings of both their 

perceived facial and vocal threat potential. Men’s actual threat potential was 

assessed via a composite measure derived from a principal component analysis of 

their handgrip strength, height, and weight. Perceived facial and vocal threat 
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potential were assessed via composite measures derived from principal 

component analyses of dominance ratings, strength ratings, and weight ratings of 

their faces and voices, respectively. Men’s handgrip strength, face photographs, 

and voice recordings were collected on five separate occasions to ensure we 

obtained representative measures of men’s strength, facial appearance, and vocal 

appearance. Given Doll et al’s (2014) findings, we predicted that the composite 

measure of men’s threat potential would be more strongly correlated with the 

composite measure of their perceived facial threat potential than with the 

composite measure of their perceived vocal threat potential.  

 

3.2 Methods 
Forty-four men (mean age=22.02 years, SD=3.41 years) each completed five 

weekly test sessions as part of a larger study on possible relationships among 

hormone levels and voice perceptions (Kandrik et al., 2016). In each of the five test 

sessions, each participant first cleaned his face with hypoallergenic face wipes. A 

full-face digital photograph was taken a minimum of 10 minutes later. Photographs 

were taken in a small windowless room against a constant background, under 

standardized diffuse lighting conditions, and 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 other recent work on social judgments of faces (e.g., 

Jones et al., 2015), face images were color calibrated using a least-squares 

transform from an 11-expression polynomial expansion developed to standardize 

color information across images (Hong et al., 2001). Images were masked so that 

hairstyle and clothing were not visible and standardized in size and orientation on 

pupil positions. 

 

In each of the five test sessions, a digital voice recording of each man was taken in 

mono using an Audio-Technica AT-4041 cardioid condenser microphone at a 

sampling rate of 44.1 kHz at 16-bit amplitude quantization. Each man was 
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instructed to say ‘”Hi, I’m a student at the University of Glasgow” in their normal 

speaking voice. The word “hi” was then extracted from each recording for use in the 

rating part of the study. The sound pressure level of all voices was amplitude 

normalized to 70 decibels using the root mean squared method. 

 

In each of the five test sessions, each man’s handgrip strength was measured four 

times using a T. K. K. 5001 Grip A dynamometer, alternating between the dominant 

(M=42.15 kgf, SD=7.84 kgf) and non-dominant (M=40.02 kgf, SD=6.83 kgf) hand. 

Two men were left-handed and 42 were right-handed. In addition, each man’s 

height (M=178.5 cm, SD=6.75 cm) and weight (M=72.65 kg, SD=9.43kg) was 

measured in one of the test sessions. Height, weight, and handgrip strength have 

been previously used to assess men’s threat potential (e.g., Puts et al., 2012). 

 

Next, the face photographs of the 44 men (220 face photographs in total) and the 

voice recordings of the 44 men (220 voice recordings in total) were rated for 

dominance, strength, and weight using 1 (low) to 7 (high) scales. Faces and voices 

were presented in separate blocks of trials, and dominance, strength, and weight 

were rated in separate blocks of trials, respectively. Trial order was fully 

randomized within each block. None of the traits were defined for the raters and 

height was not rated. Thirty-two men and 47 women (mean age=23.28 years, 

SD=4.34 years) rated the faces and voices. The number of traits that each rater 

rated varied across raters. Each individual rater was randomly allocated to rate 

between 2 and 4 blocks of trials (mean number of raters per block of trials=31.83, 

SD=3.13). One rater chose not to report their age. Inter-rater agreement was high 

for all combinations of trait and stimulus type (all Cronbach’s alphas>.89). 

Consequently, we calculated the mean dominance (face: M=3.60, SD=0.74; voice: 

M=3.86, SD=0.67), strength (face: M=3.93, SD=0.81; voice: M=3.86, SD=0.72), 

and weight (face: M=4.26, SD=0.83; voice: M=4.01, SD=0.59) rating for each 

man’s face and voice. Separate analyses of men’s and women’s ratings showed 

the same pattern of significant results as analyses of these combined ratings. 

Intercorrelations among ratings for each combination of trait and stimulus type 

across test sessions are given in Table 3.1. 
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Table 3. 1	  Inter-correlations among test sessions for each trait.	  

Trait Mean r value SD 

Vocal weight 0.80 0.60 

Vocal strength 0.84 0.78 

Vocal dominance 0.78 0.74 

Facial weight 0.78 0.87 

Facial strength 0.96 0.84 

Facial dominance 0.90 0.78 

 

3.3 Results 
First, we subjected ratings of men’s faces to principal component analysis with no 

rotation. This analysis produced a single component that explained approximately 

75% of the variance in scores and was highly correlated with facial strength (r=.98), 

dominance (r=.91), and weight (r=.67) ratings. We labeled this component the 

perceived facial threat potential component.  

 

Next, we subjected ratings of men’s voices to principal component analysis with no 

rotation. This analysis produced a single component that explained approximately 

82% of the variance in scores and was highly correlated with strength (r=.98), 

dominance (r=.88), and weight (r=.85) ratings. We labeled this component the 

perceived vocal threat potential component.  

 

We also subjected our four measures of men’s threat potential (handgrip strength 

for dominant hand, handgrip strength for non-dominant hand, height, and weight) to 

principal component analysis with no rotation. This analysis produced a single 

component that explained approximately 60% of the variance in scores and was 

highly correlated with handgrip strength for non-dominant hand (r=.93), handgrip 

strength for dominant hand (r=.89), weight (r=.68), and height (r=.54). We labeled 

this component the actual threat potential component. 
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Scores on the perceived facial threat potential component were positively 

correlated with scores on both the perceived vocal threat potential component 

(r=.37, N=44, p=.012) and the actual threat potential component (r=.32, N=44, 

p=.033). Scores on the perceived vocal threat potential component and the actual 

threat potential component were not significantly correlated (r=–.02, N=44, p=.92). 

Steiger’s test (Steiger, 1980) showed that the correlation between the actual threat 

potential component and the perceived facial threat potential component was 

significantly stronger than the correlation between the actual threat potential 

component and the perceived vocal threat potential component (z=1.97, p=.049). 

Table 3.2 shows intercorrelations among all variables. 
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Table 3. 2	  Inter-correlations among all individual variables.	  

Note. Table shows r values and 2-tailed p values in parentheses. 

 

  

	   Facial 
dominan
ce rating 

Facial 
strength 

rating 

Facial 
weight 
rating 

Vocal 
dominan
ce rating 

Vocal 
strength 

rating 

Vocal 
weight 
rating 

Height Weight 

Dominan
t 

handgrip 
strength 

Facial 
strength 

rating 

.92 

(.001)	  

	   	   	   	   	   	   	   	  

Facial 
weight 
rating 

.32 

(.037) 

.54 

(.001)	  

	   	   	   	   	   	   	  

Vocal 
dominan
ce rating 

.14 

(.354) 

.22 

(.159) 

.09 

(.555)	  

	   	   	   	   	   	  

Vocal 
strength 

rating 

.33 

(.028) 

.40 

(.007) 

.18 

(.251) 

.86 

(.001)	  

	   	   	   	   	  

Vocal 
weight 
rating 

.39 

(.009) 

.49 

(.001) 

.34 

(.024) 

.53 

(.001) 

.80 

(.001)	  

	   	   	   	  

Height 

-.01 

(.935) 

.02 

(.878) 

.01 

(.939) 

.08 

(.602) 

.04 

(.782) 

.07 

(.666)	  

	   	   	  

Weight 

.15 

(.320) 

.32 

(.033) 

.78 

(.001) 

.02 

(.878) 

.04 

(.783) 

.28 

(.063) 

.25 

(.107)	  

	   	  

Dominan
t 

handgrip 
strength 

.20 

(.196) 

.26 

(.090) 

.23 

(.137) 

-.04 

(.822) 

-.13 

(.389) 

-.10 

(.521) 

.25 

(.100) 

.43 

(.004)	  

	  

Non-dom
inant 

handgrip 
strength 

.20 

(.206) 

.26 

(.086) 

.20 

(.186) 

-.07 

(.640) 

-.11 

(.466) 

-.02 

(.904) 

.38 

(.010) 

.46 

(.002) 

.87 

(.001)	  
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3.4 Discussion 
Principal component analysis of men’s handgrip strength, weight, and height 

produced a single “actual threat potential” component. This result is consistent with 

previous work suggesting that these measures are positively correlated indices of 

men’s threat potential (Puts et al., 2012). Moreover, principal component analyses 

of the face and voice ratings each revealed a single perceived threat potential 

component. This result is consistent with previous research suggesting that 

impressions of men’s strength, dominance, and body size are positively 

intercorrelated (e.g., Holzleitner & Perrett, 2016). Further analyses showed that 

men’s perceived facial threat potential was positively related to their scores on the 

actual threat potential component. This result is consistent with previous research 

suggesting that men’s faces contain cues to their actual threat potential (Burton & 

Rule, 2013; Doll et al., 2014; Fink et al., 2007; Hill et al., 2013; Holzleitner & Perrett, 

2016; Re et al., 2013; Sell et al., 2009; Windhager et al., 2011). By contrast with our 

results for facial dominance, we found no evidence that people could judge men’s 

threat potential from their voices. Our results then complement those of Doll et al. 

(2014), who found that men’s fighting ability could be better assessed from their 

faces than their voices. While Doll et al. (2014) observed this pattern of results 

when men’s threat potential was measured from acquaintances’ ratings of their 

fighting ability, here we see the same pattern of results for analyses of 

anthropometric measures of men’s threat potential. While some other studies with 

larger sample sizes have reported significant correlations between perceptions of 

men’s voices and measures of their threat potential (e.g., Sell et al., 2010), both our 

results and those of Doll et al. (2014) suggest that men’s faces are more valid cues 

to their threat potential than their voices are. Because Doll et al. (2014) used full 

sentences as their voice stimuli, the pattern of results that we observed in the 

current study is unlikely to be a consequence of the short snippets of speech we 

used as stimuli. 

 

One recent study found that ratings of men’s facial and vocal dominance were 

negatively correlated (Rezlescu et al., 2015). By contrast with Rezlescu et al’s 

(2015) results, the current study found that men’s scores on the perceived facial 

and vocal threat potential components were positively and significantly correlated. 
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In other words, our study found that men whose faces looked particularly dominant 

possessed voices that sounded particularly dominant. The positive correlation 

between facial and vocal threat potential observed in the current study is consistent 

with other research reporting correlations between perceptions of faces and voices 

(reviewed in Smith et al., 2016) and suggests that men’s faces and voices contain 

some overlapping information about their perceived threat potential. Our results 

suggest that the overlapping information in the perceived dominance of men’s 

faces and voices is unlikely to include information about their upper-body strength, 

height, or weight. It is possible that this correlation is driven by cues of men’s 

aggressiveness or emotional state (e.g., anger), rather than threat potential, per se. 

 

In our study, participants rated the faces and voices for dominance, strength, and 

weight. It is possible that weight ratings of faces and voices are shaped by cues of 

adiposity, rather than formidability, per se. However, the results of our PCAs show 

that there is substantial overlap between weight, strength, and dominance ratings 

of men’s faces (see also voices). Thus, whatever information participants do use 

when they rate faces or voices for weight does seem to be highly correlated with 

the information that they use when making more direct assessments of 

formidability (strength and dominance ratings). A further unresolved question is 

what specific facial characteristics are valid cues of men’s threat potential. To date, 

most research addressing this question has focused on facial measurements of 

putative sexually dimorphic aspects of facial morphology. Such measures may be 

error prone in 2D images, however, due to difficulties controlling for head tilt, 

among other factors (e.g., Schneider et al., 2012). 

 

In summary, we found that a composite measure of men's actual threat potential 

(derived from measures of their upper-body strength, height, and weight) was 

positively correlated with a composite measure of these men's perceived facial, but 

not vocal, threat potential (derived from dominance, strength, and weight ratings of 

their faces and voices, respectively). Together with Doll et al’s (2014) results for 

men’s fighting ability, these findings suggest that men’s faces may be a more valid 

cue to some aspects of their threat potential than their voices are. 
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Chapters 2 and 3 demonstrated correlations between measures of body size and 

aspects of women’s (Chapter 2) and men’s (Chapter 3) facial appearance. The 

links observed are most likely driven by shape information (e.g., facial shape cues 

of adiposity). However, several lines of evidence have recently demonstrated that 

facial color cues may also index health and influence facial attractiveness 

judgments. Interestingly, these effects are hypothesized to be similar across 

cultures, although the evidence for this latter claim is weak. Consequently, in 

Chapter 4, we investigated the effects of manipulating color cues on White UK and 

Chinese faces on White UK and Chinese participants’ judgments of attractiveness 

and health.	  
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Chapter 4 
 
Cultural differences in preferences for facial coloration 
 
The following chapter is based on work published in Evolution and Human 

Behaviour. 

Han, C., Wang, H., Hahn, A. C., Fisher, C. I., Kandrik, M., Fasolt, V., Morrison, D. 

K., Lee, A. L., Holzleitner, A. J., DeBruine, L. M., & Jones, B. C. (In Press). Cultural 

differences in preferences for facial coloration. Evolution and Human Behaviour. 

 

Abstract 

Effects of facial coloration on attractiveness judgments are hypothesized to be 

“universal” (i.e., similar across cultures). However, only two studies have directly 

compared facial color preferences in two cultures. Both of those studies reported 

that White UK and Black African participants showed similar preferences for facial 

coloration. By contrast with the cross-cultural similarity reported in those studies, 

here we show cultural differences in the effects of facial coloration on Chinese and 

White UK participants' (N=196) facial attractiveness judgments. While both 

Chinese and White UK participants preferred faces with increased lightness and 

redness, Chinese participants had stronger preferences for lightness and White UK 

participants had stronger preferences for redness. More strikingly, while Chinese 

participants preferred faces with decreased yellowness, White UK participants 

preferred faces with increased yellowness, and this effect was not qualified by face 

ethnicity. These results suggest that preferences for facial coloration are not 

necessarily universal, but can differ across cultures. 
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4.1 Introduction 
Facial attractiveness judgments predict important social outcomes, such as 

decisions about who we choose to date, mate with, hire, and vote for (Langlois et 

al., 2000; Little, Jones, & DeBruine, 2011; Rhodes, 2006). Consequently, 

identifying factors that influence facial attractiveness judgments can provide insight 

into the mechanisms and processes that underpin a potentially important driver of 

social behavior and outcomes (Langlois et al., 2000; Little et al., 2011; Rhodes, 

2006). Establishing whether facial characteristics have similar effects on 

attractiveness judgments in different cultures is a first step in investigating this 

issue (Langlois et al., 2000; Little et al., 2011; Rhodes, 2006). Many researchers 

have reported “universal” preferences for aspects of face shape (see Little et al., 

2011 and Rhodes, 2006 for reviews). 

 

Effects of skin characteristics on facial attractiveness judgments are at least as 

large as (if not larger than) those of shape characteristics (Stephen et al., 2012; 

Said & Todorov, 2011; Scott, Pound, Stephen, Clark, & Penton-Voak, 2010; 

Torrance, Wincenciak, Hahn, DeBruine, & Jones, 2014). Independently increasing 

yellowness, lightness, or redness in face images increases both their attractiveness 

and perceived health (Fisher, Hahn, DeBruine, & Jones, 2014; Kandrik et al., 2017; 

Stephen, Law Smith, Stirrat, & Perrett, 2009a; Stephen, Coetzee, Law Smith, & 

Perrett, 2009b; Stephen, Coetzee, & Perrett, 2011; see also Lefevre et al., 2013). 

These preferences are independent of possible effects of facial cues to ethnicity 

and are hypothesized to reflect adaptations that function to identify individuals in 

good physical health (Stephen et al., 2011, 2012). However, evidence that facial 

coloration is associated with measures of good physical health is equivocal (Foo, 

Rhodes, & Simmons, 2017; Foo, Simmons, & Rhodes, 2017; Henderson et al., 

2017; Phalane et al., 2017). 

 

Effects of facial coloration on attractiveness judgments and health perceptions are 

hypothesized to be universal (Stephen et al., 2011, 2012). However, only two 

studies have directly compared facial color preferences in two cultures (Coetzee, 

Greeff, Stephen, & Perrett, 2014; Stephen et al., 2012). Coetzee, Greeff, Stephen, 
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and Perrett (2014) and Stephen et al. (2012) reported similar correlations between 

facial coloration and attractiveness in White UK and Black African participants. 

Studies investigating relationships between facial coloration and attractiveness 

judgments in either White UK or Black African samples have also reported similar 

preferences (e.g., Coetzee et al., 2012).  

 

If preferences for facial coloration are similar across cultures then similarity in facial 

color preferences should be evident in cross-cultural comparisons other than the 

comparisons of White UK and Black African participants reported by Coetzee, 

Greeff, Stephen, and Perrett (2014) and Stephen et al. (2012). To investigate this 

issue, we compared Chinese and White UK participants’ attractiveness judgments 

of faces that had been independently manipulated in global yellowness, lightness, 

and redness.  

 

4.2 Methods 
4.2.1 Participants 
In total, 196 participants took part in the study. These included 52 White UK men 

(Mage = 22.83 years, SD = 5.55 years) and 49 White UK women (Mage = 21.82 years, 

SD = 3.64 years), all of whom were born and resided in the UK. They also included 

48 Chinese men (Mage = 24.47 years, SD = 3.64 years) and 47 Chinese women 

(Mage = 24.00 years, SD = 2.75 years), all of whom were born in China, but currently 

resided in the UK (mean number of years in the UK = 1.06 years, SD = 0.95 years). 

 

4.2.2 Stimuli 
First, full-face photographs of 5 young adult White UK men, 5 young adult White 

UK women, 5 young adult Chinese men, and 5 young adult Chinese women were 

taken under standardized photographic conditions. All individuals photographed 

were between 18 and 23 years old and were students at the University of Glasgow. 

Photographs were taken in a small windowless room against a constant 

background, under standardized diffuse lighting conditions, and participants were 

instructed to pose with a neutral expression. Camera-to-head distance and camera 
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settings were held constant. 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. These face images were color calibrated using a 

least-squares transform from an 11-expression polynomial expansion developed to 

standardize color information across images (Hong, Luo, & Rhodes, 2001) and 

standardized on pupil positions. 

 

CIELab color space (Commission Internationale de L'Éclairage, 1976) is modeled 

on the human visual system and consists of three independent color axes: yellow 

(b*), lightness (L*), and red (a*). We independently manipulated global coloration in 

the face images along each of these axes. Using methods described in Stephen et 

al. (2009a), we created six versions of each original face: One in which yellow was 

increased by three units, one in which yellow was decreased by three units, one in 

which lightness was increased by three units, one in which lightness was 

decreased by three units, one in which red was increased by three units, and one in 

which red was decreased by three units. Importantly, these manipulations only 

affect the manipulated color dimension (e.g., altering redness does not affect 

yellowness or lightness) 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., Fisher et al., 2014; Kandrik et al., 2017; 

Stephen et al., 2011; Whitehead et al., 2012). These color manipulations, in which 

color values were increased or decreased by 3 units, are within the normal range of 

coloration for White UK (Whitehead et al., 2012) and Malaysian Chinese (Tan et al., 

2017) adult faces. We manipulated facial color by +/- 3 units because we have 

previously shown that this magnitude of manipulation produces preferences for 

facial coloration in White UK participants that are similar to those reported in other 

studies using White UK faces (Fisher et al., 2014). This process created sixty pairs 

of faces, where each pair consisted of a version of an identity in which color values 

on one color axis had been increased by 3 units and another version of the same 

identity in which color values on that same color axis had been decreased by 3 

units. Images were masked so that hairstyle and clothing were not visible. Example 

stimuli are shown in Figure 4.1. 
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Figure 4. 1 Examples of Chinese and White UK male face stimuli used in our study. The image on 
the left in each pair has increased color values and the image on the right in each pair has 
decreased color values. Images were independently manipulated in yellowness (top row), lightness 
(middle row), and redness (bottom row). 

 

4.2.3 Procedure 
The sixty pairs of faces were presented to participants using a two-alternative 

forced choice paradigm, in which participants were instructed to click on the face 

that they thought was the more attractive in each pair. In a separate block of trials, 

participants repeated this task, this time indicating which face in each pair looked 

healthier, rather than more attractive. These testing procedures control for the 

effects of prototypiciality (i.e., averageness) of facial coloration on attractiveness 

judgments and health perceptions and have been used in previous work on facial 

color preferences (e.g., Kandrik et al., 2017). The order of the 

attractiveness-judgment and health-judgment tasks was fully randomized. Trial 

order and the side of the screen on which any given image was shown were fully 

randomized between participants. The screen was calibrated using an xRite i1 

Display Pro colorimeter prior to testing. 
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4.3 Results 
Responses on the attractiveness-judgment task were analyzed using mixed binary 

logistic regression analyses in R v3.3.2 (R Core Team, 2016) with lme4 v1.1-12 

(Bates, Maechler, Bolker, & Walker, 2015). Preferences for facial yellowness, 

lightness, and redness were analyzed in separate models. In each model, the 

dependent variable was binary choice (0 = chose version of face with decreased 

color values, 1 = chose version of face with increased color values). Independent 

variables were sex of face (male, female), ethnicity of face (White UK, Chinese), 

sex of participant (male, female), and ethnicity of participant (White UK, Chinese), 

which were effect coded. For the sex of face and sex of participant variables, -0.5 

corresponded to female and +0.5 corresponded to male. For the ethnicity of face 

and ethnicity of participant variables, -0.5 corresponded to White UK and +0.5 

corresponded to Chinese. Each model specified random intercepts for participant 

and face. Random slopes were specified maximally, following Barr, Levy, 

Scheepers, and Tily (2013) and Barr (2013). Note that this type of analysis takes 

into account variation in the effects of the color manipulations across stimuli items 

(in this study, individual faces, Barr et al., 2013). Formulae and outputs for each 

model are given in our Supplemental Information, along with analysis scripts. Data 

are publicly available at osf.io/etxvu/. 

 

4.3.1 Attractiveness judgments and facial yellowness 
The effects of facial yellowness on attractiveness judgments are summarized in 

Figure 4.2. The intercept was significant (beta = -0.30, z = -2.40, p = .017), 

indicating that, on average, participants preferred faces with decreased yellowness 

over those with increased yellowness. This was qualified by a main effect of 

ethnicity of participant (beta = -1.48, z = -8.11, p < .001), indicating that Chinese 

and White UK participants differed significantly in the strength of their preferences 

for facial yellowness. Follow-up analyses indicated that White UK participants 

preferred versions of faces with increased yellowness over versions with 

decreased yellowness (intercept: beta = 0.45, z = 2.72, p = .007), but Chinese 

participants preferred versions of faces with decreased yellowness over versions 

with increased yellowness (intercept: beta = -1.01, z = -7.05, p < .001).  
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Our initial analysis also revealed significant main effects of sex of face (beta = 0.40, 

z = 2.14, p = .032) and sex of participant (beta = 0.44, z = 2.42, p = .016). These 

main effects indicated that preferences for facial yellowness were stronger for 

judgments of male faces than female faces and stronger for judgments by male 

participants than female participants. A significant interaction between ethnicity of 

participant and sex of participant (beta = 0.80, z = 2.22, p = .027) indicated that the 

effect of ethnicity of participant on preferences for facial yellowness was larger for 

female than male participants. No other effects were significant (all absolute betas 

< 0.51, all absolute zs < 1.62, all ps > .10). 

	  

Figure 4. 2 Attractiveness judgments and facial yellowness. Violin plots showing the distribution of 
Chinese and White UK male and female participants' responses for Chinese and White UK male 
and female faces manipulated in yellowness. The lines indicate medians and 0.5 on the y-axis 
equals chance. 

 

4.3.2 Attractiveness judgments and facial lightness 
The effects of facial lightness on attractiveness judgments are summarized in 

Figure 4.3. The intercept was significant (beta = 1.08, z = 10.03, p < .001), 

indicating that, on average, participants preferred faces with increased lightness 
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over those with decreased lightness. This was qualified by a main effect of ethnicity 

of participant (beta = 1.53, z = 7.55, p< .001), indicating that Chinese participants 

had stronger preferences for facial lightness than did White UK participants. A 

significant main effect of sex of face (beta = -0.24, z = -2.23, p = .026) indicated that 

preferences for facial lightness were generally stronger for female faces than male 

faces. A significant interaction between sex of face and ethnicity of participant (beta 

= 0.35, z = 2.16, p = .031) indicated that the effect of sex of face on preferences for 

lightness was larger among White UK than Chinese participants. No other effects 

were significant (all absolute betas < 0.67, all absolute zs < 1.63, all ps > .05). 

	  

Figure 4. 3 Attractiveness judgments and facial lightness. Violin plots showing the distribution of 
Chinese and White UK male and female participants' responses for Chinese and White UK male 
and female faces manipulated in lightness. The lines indicate medians and 0.5 on the y-axis equals 
chance. 

 

4.3.3 Attractiveness judgments and facial redness 
The effects of facial redness on attractiveness judgments are summarized in Figure 

4.4. The intercept was significant (beta = 1.64, z = 9.53, p< .001), indicating that, on 

average, participants preferred faces with increased redness over those with 

decreased redness. This was qualified by a main effect of ethnicity of participant 

(beta = -0.58, z = -2.66, p = .007), indicating that White UK participants had 
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stronger preferences for redness than did Chinese participants. A significant main 

effect of sex of face (beta = -0.61, z = -2.21, p = .027) indicated that preferences for 

redness were stronger for judgments of female than male faces. There were also 

significant interactions between sex of face and sex of participant (beta = 0.54, z = 

3.05, p = .002), between ethnicity of face and sex of face (beta = -1.14, z = -2.04, p 

= .041), between ethnicity of face and ethnicity of participant (beta = -0.35, z = 

-2.02, p = .043). These two-way interactions suggested that the tendency to show 

stronger preferences for redness in female than male faces was greater in female 

than male participants, that the tendency to show stronger preferences for redness 

in female than male faces was greater in Chinese than White UK faces, and that 

the tendency for White UK participants to show stronger preferences for redness 

than did Chinese participants was greater for Chinese faces than White UK faces, 

respectively. The four-way interaction among sex of face, ethnicity of face, sex of 

participant, and ethnicity of participant was also significant (beta = -1.63, z = -2.20, 

p = .028). Figure 4.4 suggested that the four-way interaction reflected the effect of 

ethnicity of participant being particularly large when male participants judged 

Chinese male faces. No other effects were significant (all absolute betas < 0.25, all 

absolute zs < 1.14, all ps > .25). 
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Figure 4. 4 Attractiveness judgments and facial redness. Violin plots showing the distribution of 
Chinese and White UK male and female participants' responses for Chinese and White UK male 
and female faces manipulated in redness. The lines indicate medians and 0.5 on the y-axis equals 
chance. 

 

4.3.4 Effects of facial coloration on health perceptions 
Responses on the health-judgment task (0=chose version of face with decreased 

color values, 1=chose version of face with increased color values) were analyzed 

using mixed binary logistic regression analyses that were identical to those used to 

analyze responses on the attractiveness-judgment task. Results (given below) 

were similar to those seen for attractiveness judgments, although the effect of 

ethnicity of participant was not significant for health judgments of faces 

manipulated in redness (p=.08). An additional Chinese male participant who 

elected not to do the attractiveness-judgment task did the health-judgment task.  

 

This similarity between our results for attractiveness and health judgments is 

consistent with previous research suggesting that facial attractiveness and health 

judgments are generally highly correlated (e.g., Jones et al., 2005). The following 

figures (figure 4.5, figure 4.6 & figure 4.7) summarize responses for each analysis. 
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Repeating the analyses described above controlling for possible effects of 

participant age did not alter the pattern of significant effects. 

 

	  

Figure 4. 5 Health Judgments and facial yellowness. Violin plots showing the distribution of 
Chinese and White UK male and female participants' responses for Chinese and White UK male 
and female faces manipulated in yellowness. The lines indicate medians and 0.5 on the y-axis 
equals chance. 
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Figure 4. 6 Health judgments and facial lightness. Violin plots showing the distribution of Chinese 
and White UK male and female participants' responses for Chinese and White UK male and female 
faces manipulated in lightness. The lines indicate medians and 0.5 on the y-axis equals chance. 
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Figure 4. 7 Health judgments and facial redness. Violin plots showing the distribution of Chinese 
and White UK male and female participants' responses for Chinese and White UK male and female 
faces manipulated in redness. The lines indicate medians and 0.5 on the y-axis equals chance. 

 

4.4 Discussion 
We compared Chinese and White UK participants’ attractiveness judgments of 

faces that had been independently manipulated in global coloration. We show, for 

the first time, that Chinese participants preferred faces with decreased yellowness 

to faces with increased yellowness. By contrast, White UK participants preferred 

faces with increased yellowness to faces with decreased yellowness. These 

opposite preferences for facial yellowness in Chinese and White UK participants 

show that preferences for facial coloration are not necessarily universal, as some 

researchers have suggested (Stephen et al., 2011, 2012), but can differ between 

cultures.  

 

Our analyses also revealed cross-cultural differences in preferences for facial 

redness and lightness. Both Chinese and White UK participants preferred faces 

with increased redness and lightness over those with decreased redness and 

lightness. However, Chinese participants' preferences for facial redness were 
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weaker than those observed for White UK participants and Chinese participants' 

preferences for facial lightness were stronger than those observed for White UK 

participants.  

 

While our study is the first to compare facial color preferences in Chinese and 

White UK participants, studies have previously examined facial color preferences in 

White UK participants. Consistent with their results, the White participants in our 

study showed preferences for increased facial yellowness, redness, and lightness 

(Fisher et al., 2014; Kandrik et al., 2017; Stephen et al., 2009a, 2009b, 2011). The 

stronger preferences for facial lightness when judging female faces than when 

judging male faces observed in the current study have also been reported 

previously (Stephen et al., 2009a). 

 

The effects of participant ethnicity on preferences for facial yellowness and 

lightness in our study were similar for judgments of both own-race and other-race 

faces. This is an important point, since it demonstrates that the differences in these 

facial color preferences between Chinese and White UK participants that we 

observed cannot be explained by hypothesized effects of stimulus ethnicity on 

preferences for facial coloration (Tan et al., 2017). By contrast, stronger 

preferences for increased color values in female than male faces could simply be a 

consequence of sex differences in facial coloration prior to manipulation. 

 

We also observed cross-cultural differences in the effects of facial coloration on 

health perceptions. In particular, facial yellowness had opposite effects on Chinese 

and White UK participants’ health perceptions. This cross-cultural difference in the 

effects of yellowness on health perceptions is consistent with recent results 

suggesting that facial yellowness is not related to actual health. Fruit and vegetable 

consumption increases facial yellowness in both White UK and Malaysian Chinese 

participants (e.g., Foo, Rhodes, & Simmons, 2017; Tan, Graf, Mitra, & Stephen, 

2017; Whitehead, Re, Xiao, Ozakinci, & Perrett, 2012). While fruit and vegetable 

consumption is associated with high socioeconomic status in most developed 

countries, vegetable consumption is associated with low socioeconomic status in 
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China (Wang, 2001). Consequently, we speculate that aversions to facial 

yellowness in Chinese participants could be due to facial yellowness functioning as 

a cue of low status. Alternatively, the cross-cultural differences in preferences for 

facial yellowness observed in the current study could reflect culture-specific 

associations between aspects of health and facial coloration, culture-specific 

stereotypes associated with subtle variation in ethnicity cues, or between-group 

differences in factors such as socioeconomic status. Further work is needed to 

investigate these issues.  

 

In conclusion, our analyses of Chinese and White UK participants’ preferences for 

facial coloration suggest cross-cultural differences in preferences. These 

differences were particularly striking for facial yellowness, which had opposite 

effects on Chinese and White UK participants’ face preferences. Importantly, these 

results do not support the hypothesis that facial color preferences are the same 

across cultures. 
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Chapter 5  
General Discussion 
Many theories of human mate selection and social interaction have suggested that 

facial appearance functions as a cue of health (e.g. Boothroyd et al., 2013; 

Coetzee et al., 2007; Lefevre et al., 2013; Rantala et al., 2013a; Whitehead et al., 

2012a). In this thesis, I presented three large empirical studies that explored links 

between social judgments of facial appearance and aspects of underlying physical 

condition (assessed via hormones and anthropometrics). I also investigated 

possible cultural influences that may impact the relationship between social 

judgments of faces and physical-condition cues. 

 

In the first empirical study (Chapter 2), I used a relatively large sample (N=96) to 

explore the question of whether women’s facial appearance signals health 

information that is indexed by salivary cortisol and/or body mass index (BMI). In 

this study, I found that none of the facial traits tested (i.e., facial attractiveness, 

facial dominance, perceived facial health, facial femininity and perceived facial 

weight/adiposity) were significantly correlated with salivary cortisol. While our 

results for attractiveness were consistent with Gonzalez-Santoyo et al. (2015), who 

also found no significant correlation between women’s facial attractiveness and 

cortisol, Rantala et al. (2013a) reported a significant negative correlation between 

women’s facial attractiveness and cortisol. However, by contrast with 

Gonzalez-Santoyo et al. (2015), we did not find links between women’s facial 

dominance and cortisol. Thus, our null results for both of these traits (among others) 

call into question the robustness of putative links between cortisol and women’s 

facial appearance. 

 

Additionally, in Chapter 2, we found that women’s BMI was negatively and linearly 

correlated with their facial attractiveness, perceived facial health and facial 

femininity, and positively and linearly correlated with their facial adiposity. Our 

results are consistent with previous research suggested that social judgment of 

women’s facial appearance were linked with their body weight (e.g., Coetzee et al., 
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2009; Rantala et al., 2013a; Tinlin et al., 2013). Our study is the first study reporting 

that women’s facial femininity is correlated with their BMI.  

 

Women’s BMI is linked to their general health (e.g. Brown et al., 2000; Flegal et al., 

2005; Ritz and Gardner, 2006), as well as fertility (e.g., Jokela et al., 2008; Pandey 

et al., 2010; Sallmén et al., 2006). By contrast, cortisol indicates physiological and 

psychological stress, as well as immunosuppression (Chrousos, 1995; Martin, 

2009; Reichlin, 1993; Sapolsky et al., 2000). Thus, the work in my first empirical 

chapter suggests that women’s facial appearance conveys aspects of health that 

are indexed by women’s BMI, rather than cortisol. 

 

In Chapter 3, my second empirical study, I studied the question of whether people 

can judge men’s threat potential/dominance related anthropometrical information 

(i.e. height, weight and strength) from their faces and/or voices. In this study, we 

first used principal component analysis to reduce anthropometrics data (e.g., height, 

weight, strength) to a single threat potential component. We then repeated this 

principal component analysis for trait ratings of men’s faces and, separately, their 

voices. The analysis produced a single component for each modality that we 

labelled the perceived facial threat potential component (highly correlated with 

men’s rated strength, rated dominance and rated weight) and perceived vocal 

threat potential component (highly correlated with men’s rated strength, rated 

dominance and rated weight). These results are consistent with previous research 

showing that impressions of men’s body size, dominance and strength are 

positively intercorrelated (e.g. Holzleitner & Perrett, 2016), and men’s height, 

weight and strength are positively intercorrelated indices of their threat potential 

(Puts et al., 2012). 

 

Further analyses suggested that men’s perceived facial threat potential component 

was positively linked to their actual threat potential component and vocal threat 

potential component. In other words, men whose faces look threatening also have 

voices that sound threatening and possess physical characteristics that make them 

a viable source of threat. By contrast, the vocal threat potential component was not 
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significantly correlated with the actual threat potential component. Our finding of a 

link between perceived facial threat potential component and actual threat potential 

component is consistent with previous studies and indicates men’s faces contain 

cues of actual threat potential (Burton & Rule, 2013; Doll et al., 2014; Fink et al., 

2007; Hill et al., 2013; Holzleitner & Perrett, 2016; Re et al., 2013; Sell et al., 2009; 

Windhager et al., 2011). Our results for a link between perceived facial threat 

potential component and perceived vocal threat potential component is also in line 

with other research that reported correlations between perceptions of faces and 

voices (reviewed in Smith et al., 2016) and suggests that men’s faces and voices 

contain certain overlapping information about their perceived threat potential. The 

lack of a significant correlation between perceived vocal threat potential component 

and actual threat potential component in out study is not consistent with results 

reported by Sell et al. (2010), who found a positive association between 

perceptions of men’s voices and measures of their anthropometric data in different 

cultural populations. However, similar to our results, Doll et al. (2014) found that 

ratings of men’s faces, but not voices, predicted their actual threat potential. These 

results, together with our own, suggest that men’s faces may be a more valid cue to 

their threat potential/dominance related physical condition than their voices. 

 

Cultural differences may influence the links between social judgments of facial 

appearance and physical condition. In Chapter 4, the third empirical study, we 

therefore conducted a cross-cultural study on preferences for facial coloration. We 

compared Chinese and White UK participants’ attractiveness and health judgments 

of faces on both Chinese and White UK faces. The stimulus faces were 

independently manipulated in global coloration in three colour dimensions 

(yellowness, lightness and redness). The results suggest cultural differences 

between Chinese and White UK participants in their preferences for facial 

coloration.  

 

For the yellowness dimension, White UK participants preferred faces with 

increased yellowness as more attractive and healthier than decreased yellowness 

faces. This is consistent with previous research on White UK participants’ 

judgments of faces (e.g. Stephen et al., 2009a, 2009b, 2011). By contrast, Chinese 
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participants judged faces with decreased yellowness as more attractive and 

healthier, rather than increased yellowness faces. For lightness and redness 

dimensions, both White UK and Chinese participants judged faces with increased 

lightness or redness as more attractive and healthier than those with decreased 

lightness or redness, respectively. However, compared to UK participants, Chinese 

participants showed weaker preference for facial redness and stronger preference 

for facial lightness. Importantly, these facial colour preferences were similar for 

judgments of both own-race and other-race faces, which indicates that these 

cross-cultural differences in preferences are not due to the ethnicity of the target 

faces (i.e., do not reflect own-race bias in face perception).  

 

White participants showing preferences for increased facial yellowness, redness 

and lightness is consistent with previous research (Fisher et al., 2014; Kandrik et 

al., 2017; Stephen et al., 2009a, 2009b, 2011). However, there are only limited 

cross-cultural studies comparing facial colour preferences between White UK and 

Black African (Coetzee et al., 2014; Stephen et al., 2012). In studies by Coetzee et 

al. (2014) and Stephen et al. (2012), both of them found cross-cultural similarity on 

facial coloration preference between White UK and Black African, whereas we 

found cross-cultural difference on facial coloration preference between White UK 

and Chinese. The cultural differences for facial coloration preferences, especially 

for yellowness, may due to that the links between socioeconomic status and 

vegetable consumption are inversed between China and UK (Wang, 2001), since 

facial yellowness could mediated by vegetable consumptions (Foo et al., 2017; Tan 

et al., 2017; Whitehead et al., 2012). Other factors could also be considered, such 

as illness prevalence, culture-specific stereotypes. In summary, cultural differences 

could influence social judgment of face. Similar patterns of results were also in 

evidence for health judgments, demonstrating that these results are not peculiar to 

attractiveness judgments. 

	  

5.1 Facial Cues of Hormone Levels 
Previous studies reported mixed results for relationships between social judgments 

of women’s facial appearances and their cortisol levels. Rantala et al. (2013a) 
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reported a negative linear relationship between women’s cortisol levels and their 

facial attractiveness. However, Gonzalez-Santoyo et al. (2015) found no links 

between women’s cortisol levels and their facial attractiveness and femininity, 

whereas they observed a significant negative correlation between women’s cortisol 

levels and their facial dominance. In our larger sample, we found no evidence that 

women’s facial traits that are facial attractiveness, facial dominance, perceived 

health, femininity and perceived weight/adiposity, were significant correlated with 

their cortisol levels, which suggested that the links between women’s facial 

appearances and their cortisol levels may not be robust.  

 

Although Rantala et al. (2013a) found a negative association between women’s 

facial attractiveness and cortisol levels, Rantala et al. (2012) did not observe an 

association between men’s facial attractiveness and cortisol levels. Indeed, 

evidence for links between men’s facial appearance and their cortisol levels is 

equivocal in other studies. For example, while Moore et al. (2011a, 2011b) used 

composite faces and found men’s low cortisol composite faces were preferred 

more than high cortisol composite faces, the results were not replicated when 

testing men’s composite faces that judged by women from 13 countries (Moore et 

al., 2013). Moreover, Moore et al. (2011a, 2011b) did not find an association 

between ratings of men’s natural (i.e. non-composite) faces and their cortisol levels. 

Indeed, a recent study conducted in our lab also did not find significant correlations 

between men’s attractiveness and their cortisol levels (Kandrik et al., 2017).  

	  

Previous studies have investigated facial cues of testosterone on men’s faces. The 

results were mixed. While positive associations have been found between male 

attractiveness related facial traits and testosterone levels (Penton-Voak & Chen, 

2004; Roney et al., 2006; Swaddle & Reierson, 2002; Moore et al., 2011a, 2013; 

Roney et al., 2016), other studies did not found correlations between male facial 

traits and testosterone levels (Hönekopp et al., 2007; Neave, Laing, Fink, & 

Manning, 2003; Pound, Penton-Voak, & Surridge, 2009). The results from the 

recent study conducted in our lab also showed no association between men’s facial 

attractiveness and their testosterone levels (Kandrik et al., 2017).  
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In the literatures of human facial attractiveness and mate choice, women’s facial 

attractiveness was hypothesized to signal fertility health, which is indexed by 

estradiol and/or progesterone (Grammer et al., 2003; Little et al., 2011; Thornhill & 

Gangestad, 1999). However, empirical evidence that women’s facial attractiveness 

relates to estradiol and/or progesterone is equivocal (Grillot et al., 2014; Jasienska 

et al., 2004; Law Smith et al., 2006; Puts et al., 2013). A large project was 

conducted in our lab with a large sample and robust methods (e.g., direct hormone 

measures from saliva), and we found no evidence that physically attractive women 

have high estradiol or progesterone (Jones et al., 2017). 

 

The divergent findings for associations between hormones and facial 

attractiveness could be because there are mediators, such as societal ecology (e.g. 

societal development index) and/or interaction with other hormones, which could 

largely impact links between facial appearance and hormones (e.g. Moore et al., 

2013). However, from the previous literatures and our results, the associations 

between facial appearances and hormones are not robust. Differences in results of 

these associations were frequently observed (e.g. Gonzalez-Santoyo et al., 2015; 

Han et al., 2016; Moore et al., 2013; Rantala et al., 2013a).  

 

5.2 Methodological Contribution 
When testing the relationship between cortisol traits and facial appearances, there 

are methodological differences between my study and the other two studies (i.e. 

Rantala et al., 2013; Gonzalez-Santoyo et al., 2015), which may partly explain 

these inconsistent results. In our lab (i.e. in my study), we collected female 

participants’ salivary cortisol once a week for five weeks (i.e. we can calculate their 

average cortisol), and at the same time of each day and each week (i.e. we 

controlled the time of day). This is a very robust and precise way estimating 

women’s traits of cortisol. Cortisol relates to immune response (see Martin, 2009 

and Sapolsky et al., 2000 for comprehensive reviews) and is sensitive to both 

infectious and non-infectious stressors (Chrousos, 1995; Reichlin, 1993), such as 

body injury and sudden environment changes. Therefore, it would be important to 
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test cortisol levels that are representative. Rantala et al. (2013a) used “single shot” 

measure of cortisol (i.e. they measured it only once), which may be noisy and 

unrepresentative representation of trait cortisol (i.e. average cortisol levels). 

Although Gonzalez-Santoyo et al. (2015) collected women’s cortisol twice with a 

thirty minutes gap, they did not control the time of day of collecting salivary cortisol 

samples. 

 

5.3 Facial and Vocal Cues of Anthropometric Profile 
Compared to facial cues of hormone profile, facial cues of anthropometric profile 

were more robust (reviewed in 1.2 Facial Appearances and Anthropometrics). In 

the literature, the associations between human anthropometric data (height, weight 

and strength) and perceived ratings (height, weight and strength) from faces were 

consistent across studies (Height: Burton & Rule, 2013; Re et al., 2012, 2013; 

Mitteroecker et al., 2013; Schneider et al., 2013; Weight: Coetzee et al., 2009 

Henderson et al., 2016; Tinlin et al., 2013, Strength: Holzleitner & Perrett, 2016; 

Sell et al., 2009; Toscano et al., 2014). 

 

In Chapter 3, the results showed that people show high inter-rater agreement on 

judgments of perceived weight, strength and dominance from face. These facial 

traits were all highly correlated to the perceived facial threat potential component 

that was positively associated with actual threat potential. This means that 

individuals’ judgments of men’s facial cues of anthropometric information are 

consistent with each other, and also reliably linked to actual anthropometric 

information conveying threat potential. Additionally, face is not only a reliable cue to 

threat potential, but also a cue to health. In Chapter 2, I found women’s facial 

adiposity is related to BMI. Facial adiposity, that is perceived weight from face, is 

positively and linearly associated with BMI (e.g. Coetzee, Perrett, & Stephen, 2009; 

Tinlin et al., 2013). BMI is often used in medical profession, which was viewed as a 

health index (e.g. Stommel & Schoenborn, 2010; Jia & Lubetkin, 2005). It has been 

reported that individuals who fall out off healthy BMI range have increased risks of 

developing a large number of health problems (e.g., Brown et al., 2000; Wilson et 

al., 2002; Mokdad et al., 2003; Flegal et al., 2005; Ritz & Gardner, 2006), and who 
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fall in unhealthy BMI ranges also have low fertility health (e.g., Jokela et al., 2008; 

Pandey et al., 2010; Sallmén et al., 2006). Indeed, there is growing evidence that 

facial adiposity is related to actual health (e.g., Coetzee et al., 2014; Tinlin et al., 

2013; Rantala et al., 2013b). 

 

Results of Chapter 3 showed that perceived facial threat potential is positively 

associated with vocal threat potential, which is consistent with other research 

reporting correlations between perceptions of faces and voices (reviewed in Smith 

et al., 2016). This suggests that men’s faces and voices contain some overlapping 

information about the perceived threat potential (e.g. social dominance), which was 

unlikely to include information about their strength, height and weight, however. It is 

possible that this correlation is driven by cues of men’s aggressiveness or 

emotional state (e.g., anger), rather than threat potential, per se. 

 

Although we observed no evidence for an association between the vocal threat 

potential component and actual threat potential component, voices have an impact 

on perceived threat potential. Participants show high inter-rater agreement on 

perceived weight, strength and dominance from voices. In previous research, low 

vocal pitch are perceived as dominant and linked to large body size (e.g., Puts et 

al., 2006; Evans, Neave, & Wakelin, 2006), though a recent work suggests that 

fundamental frequency and formants frequencies of voices only explain very limited 

variance in body size (Pisanski et al., 2014). The stereotype of connection between 

deep voices and a large body size may come from sex differences of relationship 

between vocal features and body size (i.e. averagely, men tend to have deeper 

voice and larger body size than women). However, in reality, rather than body size, 

pubertal expression of sex hormones plays a predominant role in sex differences of 

vocal pitch (Abitbol et al., 1999; Dabbs, & Mallinger, 1999; Harries, Hawkins, 

Hacking, & Hughes, 1998; Smith & Patterson, 2005). 

 

Additionally, the voice may convey anthropometric information. However, this is 

often detected with low accuracy (van Dommelen & Moxness, 1995; Collins, 2000; 

Lass & Davis, 1976). It was reported in a recent meta-analysis study that 
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individuals’ formant-based vocal tract length estimates explained up to 10% of the 

variance in height and weight, and F0 explained less than 2% and correlated only 

weakly with body size within sex (Pisanski et al., 2014). Indeed, results in Chapter 

3 show that vocal weight rating is marginal significantly correlated with actual 

weight (r=.28, N=44, p=.063, uncorrected for multiple comparisons). Large sample 

sizes may find a weak, but not robust, link between body size and perceived body 

size from voices. Pisanski et al. (2014) suggested in their meta-analysis review 

paper that a sample size of at least 99 men would be required to confidently 

predicted height or weight from acoustic properties of formant-based size 

estimates. 

	  

5.4 Cross-Cultural Differences 
Early studies investigated social judgments of facial attractiveness in various 

cultures and claimed that people show agreement on general facial attractiveness 

judgments (e.g. Cunningham, Roberts, Barbee, Druen, & Wu, 1995). Other studies 

reported systematic variation in social judgments of facial attractiveness 

(Honekopp, 2006; Penton-Voak, Jacobson, & Trivers, 2004; Scott et al., 2014). 

Indeed, many studies have suggested that mate preference and social judgments 

of facial attractiveness can be influenced by social ecology, such as prevalence of 

pathogens (DeBruine, Little, & Jones, 2012; Gangestad & Buss, 1993; Jones et al., 

2013), human development index (Moore et al., 2013), national income inequality 

(Brooks et al., 2011) and prevalence of violence exposure (Borras-Guevara et al., 

2017).  Consistent with these findings, in my third empirical chapter, I found 

cultural differences in preferences for facial coloration. There are two caveats to 

this study, however. First, we used global color manipulations of faces, but did not 

consider the effects of color distribution (Fink & Matts, 2008). Second, in our stimuli 

faces, we only manipulated facial color, but not shape changes. Color information 

may not influence facial attractiveness when other facial cues also vary in image 

sets (Foo et al., 2017a).  

	  

5.5 Facial Cues of Health 
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More work is needed to investigate facial cues of health. In Chapter 2, I 

investigated a possible association between women’s facial appearance and their 

cortisol level. Although in the study cortisol was viewed as a health index, there are 

many other physiological parameters that could be investigated as health indexes. 

For example, links between frequency of illness and facial appearances (e.g. Kalick 

et al., 1998; Shackelford et al., 1999; Gray et al., 2012; Boothroyd et al., 2013), 

links between MHC and facial preferences (e.g. Lie et al., 2010; Thornhill et al., 

2003; Roberts et al., 2005) and links between immune function and facial 

appearances (e.g. Rantala et al., 2012, 2013a, 2013b; Skrinda et al., 2014; Foo et 

al., 2017a) may reveal associations between attractiveness and health not 

apparent in the current studies.  

 

5.6 Conclusion 
The theory that facial appearance conveys cues of health, anthropometric profiles 

and hormone profiles, leading to universal preferences for certain facial cues has 

become highly influential. In my thesis, I found links between women’s BMI and 

their facial appearance were more robust than those assumed to occur between 

cortisol levels and facial appearance. I also found that men’s threat potential (as 

indexed by anthropometric profile) was linked to faces, but not voices. These 

results indicate that links between facial appearance and aspects of health that are 

indexed by cortisol (e.g., immune responses) may be overstated in the literature, 

while links between facial appearances and anthropometric profile may be more 

robust. I also showed that facial color preferences can differ between cultures in 

ways that cannot be explained by own-race biases. This latter finding is important, 

since it challenges the assumption that preferences for health cues are universal. 
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