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Second to fourth digit ratio, testosterone
and perceived male dominance
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Previous studies have shown that male faces with extreme features associated with testosterone are per-
ceived as dominant and masculine. Women have been reported to prefer more masculinized male faces
as they may consider testosterone markers to be an ‘honest’ indication of good health, and such consider-
ations may underlie their aesthetic preferences. However, pronounced testosterone facial markers are also
associated with dominance, and several negative personality traits. This suggests that female aesthetic
preferences may be an adaptive compromise between positive attributes associated with higher than aver-
age testosterone, and negative attributes associated with more extreme masculinization. This current study
attempts to clarify the role of hormone markers in female perceptions of dominance, masculinity and
attractiveness, in male facial images. Recent evidence suggests that the relative length of the 2nd to 4th
finger (2D : 4D ratio) is a pointer to prenatal testosterone levels and may thus serve as a window to the
prenatal hormonal environment. We measured 2D : 4D in a sample of male college students and took
salivary samples to analyse circulating levels of testosterone. Women rated facial images of these males for
dominance, masculinity and attractiveness. Our results show that male 2D : 4D was significantly negatively
related to perceived dominance and masculinity but not attractiveness. Circulating testosterone levels were
not related to dominance, masculinity or attractiveness. These findings suggest that: (i) high prenatal levels
of testosterone serve to ‘organize’ male facial features to subsequently reflect dominance and masculine
characteristics presumably activated during puberty; and (ii) attractiveness is not directly related to testos-
terone levels. We conclude that facial dominance and masculinity reflect a male’s perceived status rather
than his physical attraction to women.
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1. INTRODUCTION

The face plays a crucial role in animal and human social
cognition and behaviour. Evidence from primates shows
that certain brain structures specialize in perceiving facial
expressions of emotions and intentions, and in regulating
emotional and behavioural responses to these expressions
(Morris et al. 1996). Human faces signal qualities that are
stable over time, such as attractiveness as a potential mate
(Grammer & Thornhill 1994; Barber 1995) or dominance
(Zebrowitz & Montepare 1992; Collins & Zebrowitz
1995; Mueller & Mazur 1997). Although we assume that
facial beauty conveys a wealth of information concerning
an individual’s mate value, the actual role of perceived
facial dominance still remains equivocal.

Facial dominance may signal subjective intentions
(Maynard-Smith & Harper 1988; Harper 1991) as well as
an objective potential for action (Mazur & Booth 1998).
Features that contribute to perceived facial dominance,
such as strong jaws or broad cheek bones (see, for
example, Cunningham et al. 1990), may indicate superior
physical strength. Several authors have suggested that
such features may relate to circulating testosterone levels
(Grammer & Thornhill 1994; Thornhill & Gangestad
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1996), further suggesting a link to dominance behaviour
(Mazur & Booth 1998).

As Mazur & Booth (1998) pointed out, early exposure
to higher levels of testosterone are likely to produce more
male-like characteristics (masculinization) and fewer
female characteristics (defeminization) whereas less
exposure to testosterone causes the reverse. These pre-
and perinatal hormone effects are regarded as organizing
the architecture of the body and brain. When male testos-
terone increases later in life during puberty, it is thought
to activate pre-existing structures; for example, in males
higher androgen serum levels at puberty together with a
higher androgen receptor expression at certain skeletal
sites, may contribute to sex differences in facial mor-
phology (Kasperk et al. 1997). In males, a high testoster-
one-to-oestrogen ratio facilitates the lateral growth of the
cheekbones, mandibles and chin, the forward growth of
the bones of the eyebrow ridges, and the lengthening of
the lower facial bone, all of which are considered mascu-
line facial features (Thornhill & Gangestad 1999; Fink &
Penton-Voak 2002; Grammer et al. 2003). Oestrogen
inhibits this growth, leading to a feminized facial shape
with high eyebrows, more gracile jaw and fuller lips. A
preference for sex-typical traits may operate in females’
judgements of male facial attractiveness, and males’ pref-
erences for female faces. Whereas some studies support
the hypothesis that women prefer masculinized male faces,
other studies indicate that women do not have clear
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preferences for such traits in males. Perrett et al. (1998)
showed that females’ preferences for male faces were
apparently driven by stereotypical personality attributions:
highly masculinized male faces were perceived as less
warm, less honest and more dominant than feminized
male faces. Such attributions may have a kernel of truth,
as high testosterone has been linked with anti-social
behaviour in men (Dabbs et al. 1991).

In mammals, the growth of secondary sexual traits is
linked to levels of androgens (Owens & Short 1995),
which depress immune system function (Folstad & Karter
1992). Evolutionary theory suggests that only males in
good condition can bear the ‘handicap’ of large secondary
sexual traits that represent an honest advertisement of
male viability. As signalling facial dominance is therefore
costly, it is assumed that dominant looks may signal high
status. Across a wide variety of species, behaviours
intended to achieve, maintain and enhance status are
observed primarily among high-testosterone individuals
(Kraus et al. 1999; Josephs et al. 2003). If perceived facial
dominance does indeed relate to a potential for high status
in male dominance hierarchies, then in the human
resource-based mating system (Buss 1989; Kenrick &
Keefe 1992), it may signal a fitness relevant quality
(Dewsbury 1982; Mueller 1993; Ellis 1995).

It is particularly important for humans to distinguish
between dominant behaviour, which aims at achieving and
maintaining high status and greater control of resources
over a conspecific, and aggressive behaviour, which aims
at inflicting physical injury on a conspecific. In this paper,
we only discuss the former. While the relationship
between testosterone levels and human aggression remains
equivocal (Archer 1991), Mazur & Booth (1998) con-
cluded that high levels of testosterone were linked with
dominance and competitiveness in human males; specifi-
cally, they suggested that testosterone rises in the face of
a challenge and activates behaviours intended to dominate
and enhance status.

In support, several studies have reported links between
testosterone and human dominance encounters (Booth et
al. 1989; Schaal et al. 1996; Salvador et al. 1999; Dabbs
et al. 2001; Neave & Wolfson 2003). However, some
researchers have criticized the simplicity of this theory (see
author comments following Mazur & Booth 1998), and
have pointed out the problems in attempting to link a sin-
gle hormonal measure to certain behaviours (Brain 1998).
Furthermore, Campbell et al. (1998) noted that as
dominant/aggressive behaviour emerges early in child-
hood, the major impact of testosterone may be acting at
an organizational rather than an activational level.

Until recently, ascertaining foetal exposure to testoster-
one has been difficult. However, Manning (2002) has
recently summarized the evidence that testosterone stimu-
lates prenatal growth of the 4th finger while oestrogen pro-
motes the growth of the 2nd finger. A low 2D : 4D ratio
(4th finger longer than the second) may thus act as a
marker for a uterine environment high in testosterone and
low in oestrogen, and such a ratio is most often seen in
males. Conversely, a high 2D : 4D ratio may serve as a
marker for a uterine environment low in testosterone and
high in oestrogen, and is most often found in females. In
support, (i) 2D : 4D ratio demonstrates a sexually dimor-
phic pattern that appears to be established at a very early
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age and is correlated with testosterone concentrations
(Manning et al. 1998; Ronalds et al. 2002); (ii) a low
2D : 4D ratio is associated with male-typical attributes
such as better spatial ability (Manning & Taylor 2001),
left-handedness (Manning et al. 2000) and a predis-
position towards autism (Manning et al. 2001); (iii) the
waist : hip ratio of mothers, a positive correlate of testos-
terone, is negatively associated with the 2D : 4D ratio of
their children (Manning et al. 1999); and (iv) children
with congenital adrenal hyperplasia, a genetic disorder
associated with high prenatal androgens, have lower
2D : 4D ratios than normal controls (Brown et al. 2002).

As testosterone is strongly implicated in establishing the
sexually dimorphic 2D : 4D ratio, and as this hormone has
also been linked with male dominance behaviours, Man-
ning (2002) proposed that a low 2D : 4D ratio may be
associated with assertiveness and dominance but as yet,
this possible link remains speculative. In the current paper
we aimed to establish whether organizational levels of tes-
tosterone (as measured by 2D : 4D ratio) are related to
activational levels of testosterone, and perceived facial
‘dominance’, and ‘masculinity’. We predicted that males
with low 2D : 4D (i.e. high prenatal levels of testosterone)
would be rated by females as being higher in dominance
and masculinity.

In addition, although some evidence demonstrates a
female preference for exaggerated male facial character-
istics (e.g. Scheib et al. 1999) the relationship between
facial dominance and attractiveness remains unclear.
Swaddle & Reierson (2002) recently showed that high tes-
tosterone faces reveal dominance. However, they did not
find evidence of directional selection for increased (or
decreased) testosterone in terms of male facial attractive-
ness. Consequently, these authors argued that this reflects
stabilizing selection acting on testosterone through mate
preferences. We therefore aimed to investigate the possible
relationship between male 2D : 4D ratio and facial attract-
iveness judgements made by females. We predicted that if
women consider dominant and masculine faces as attract-
ive, then—in addition to dominance and masculinity—
2D : 4D should also be negatively related to male
perceived attractiveness.

Finally, to identify possible links between activational
levels of testosterone and female perceptions of male
dominance, masculinity and attractiveness, we also took
salivary samples of free testosterone from the male volun-
teers.

2. MATERIAL AND METHODS

(a) Participants
We recruited 48 male participants from undergraduate

courses at Northumbria University. The mean age of the sample
was 21.3 years (range of 18–33 years, s.d. = 3.4). All claimed to
be heterosexual and right-handed.

(b) Procedure
(i) Data recording

Participants gave their informed written consent in accord-
ance with Northumbria University School of Psychology and
Sport Sciences Ethics Committee guidelines. Age, body height
and weight were recorded.
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We measured the lengths of the 2nd and 4th digits of the left
and right hands from the tip of the finger to the ventral proximal
crease from photocopies. Where there was a band of creases at
the base of the digit, we measured from the most proximal of
these. For 16 right and left hands, the 2nd and 4th digits were
also measured directly from the hand and from the photocopies
to establish repeatabilities. All measurements were made with
digital Vernier callipers measuring to 0.01 mm.

Colour digital images of each participant’s face were taken at
high resolution under standardized light conditions in frontal
view. Participants were advised to remove any facial adornment,
look directly into the camera and present a neutral facial
expression.

Finally, male participants provided a salivary sample from
which circulating levels of free testosterone could be measured.
They were given labelled, lidded cups and sugarless chewing
gum, and were asked to chew the gum and deposit enough saliva
to fill the bottom of the cup (5 ml) the samples were then frozen
to 220 °C before analysis.

(ii) Face ratings
To obtain independent ratings of perceived male facial domi-

nance, masculinity and attractiveness, 36 female raters from a
different local university, mean age of 22.1 years (range of 19–
30 years, s.d. = 2.7) rated each face. Faces were randomly
presented by computer, and remained on screen until raters pro-
vided a measure of perceived dominance, masculinity, and
attractiveness using a 7-point scale (1 = extremely subordinate/
feminine/unattractive, 7 = extremely dominant/masculine/
attractive). At the end of the session, female raters were asked
if they recognized any of the faces they had seen (none did).

(c) Hormone analyses
Salivary testosterone was used as it is less stressful and invas-

ive than serum sampling, and causes minimal disruption to nor-
mal routines (Ellison 1988). A strong correlation has been
reported between salivary and serum testosterone levels (Vittek
et al. 1985). As circadian and circannual changes in testosterone
have been reported (Nieschlag 1974; Dabbs 1990) samples were
collected at the same time of day (between 10.00 and 15.00)
within a period of two weeks (in November).

Testosterone levels in saliva samples were measured by using
a modified serum radioimmunoassay. Before assaying, the pre-
viously frozen samples were thawed and centrifuged. The assay
used the Coat-A-Count total testosterone kit (Euro/DPC, UK),
which is a solid phase radioimmunoassay, based on testosterone-
specific antibodies immobilized to the wall of a polypropylene
tube. 125I-labelled testosterone competes for a fixed time with
testosterone in the saliva sample for antibody sites. The tube is
then decanted, to separate antibody-bound testosterone (on
walls of the tube) from free testosterone (in the decanted
solution). The tubes are counted using a gamma counter and
the amount of testosterone present in the saliva sample is
determined from a calibration graph of known standards, where
higher gamma counts equate to lower testosterone levels. This
procedure has to be modified to allow for measurement of the
lower hormone concentrations in saliva by diluting the supplied
Coat-A-Count testosterone standards 20-fold and extending the
incubation time from 3 h at 37 °C to 24 h at room temperature.
Each sample was assayed in duplicate and the mean value for
the two duplicates taken as the value for each sample. The tubes
were each counted for one minute using a Packard Cobra II
gamma counter.

Proc. R. Soc. Lond. B (2003)

Table 1. Correlation of hormonal variables with perceived
measures.
(LH, left hand; RH, right hand; T, testosterone.)

LH 2D : 4D RH 2D : 4D T

age 0.111 20.071 20.298 ¤

height 20.085 0.040 20.198
dominance 20.306 ¤ 20.278 ¤ 0.086
masculinity 20.309 ¤ 20.305 ¤ 0.076
attractiveness 20.231 20.064 20.017
testosterone 0.034 20.052

¤ p , 0.05.

3. RESULTS

In the right hand the first and second measures of
2D : 4D from photocopies had a high intraclass corre-
lation coefficient (r1 = 0.96), as did the mean of these two
measures compared to right 2D : 4D calculated from
measurements directly on the fingers (r1=0.91). Repeated
measures ANOVA analyses showed that measurement
error was low in relation to real differences in 2D : 4D
ratio between individuals (2D : 4D from photocopies
F = 49.37, p = 0.0001; 2D : 4D from photocopies and
direct from fingers F = 21.70, p = 0.0001). In the left
hand the intraclass correlation between measures of
2D : 4D from photocopies was high (r1 = 0.94), but from
a comparison of photocopied and direct-measured
2D : 4D it was quite low (r1 = 0.67). However, repeated
measures ANOVA analyses showed that both intraclass
correlation coefficients were significant (2D : 4D from
photocopies F = 31.52, p = 0.0001; 2D : 4D from pho-
tocopies and direct from fingers F = 5.10, p = 0.009). We
concluded that our measures of 2D : 4D from photocopies
of the hands reflected real differences between individuals
in the study.

Pearson correlations were calculated analysing the
relationships between digit ratios, perceived dominance,
masculinity, and attractiveness ratings, and salivary testos-
terone. Values of p equal to or less than 0.05, in one-tailed
tests were considered significant. Correlations are shown
in table 1.

As age and body height may influence certain physio-
logical variables as well as anatomical traits we firstly cor-
related these factors with the 2D : 4D ratio. Neither were
associated with the 2D : 4D ratio, but age was associated
with attractiveness ratings (r = 20.265, p = 0.034)—the
older the participant the lower the rating, and salivary tes-
tosterone level (r = 20.298, p = 0.022)—the older the par-
ticipant the lower the level (table 1). Left-hand and right-
hand 2D : 4D ratios were strongly correlated with one
another (r = 0.642, p = 0.000).

Both left-hand and right-hand 2D : 4D ratios were sig-
nificantly negatively correlated with female ratings of per-
ceived male dominance (r = 20.306, p = 0.017; r =
20.278, p = 0.028, respectively) indicating the lower the
ratio, the higher the rating of male facial dominance (see
figure 1).

Similarly, both left-hand and right-hand 2D : 4D ratios
were significantly negatively correlated with female ratings
of perceived masculinity (r = 20.309, p = 0.016; r =
20.305, p = 0.018, respectively) indicating the lower the
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Figure 1. (a) Scatterplot of left-hand 2D : 4D ratio and
female perceptions of male dominance. (b) Scatterplot of
right-hand 2D : 4D ratio and female perceptions of male
dominance.

ratio, the higher the rating of male facial dominance (see
figure 2). In addition, attractiveness ratings did not
significantly correlate with 2D : 4D (left hand: r =
20.231, p = 0.057; right hand: r = 20.064, p = 0.333).

Neither left-hand and right-hand 2D : 4D ratios, nor
face ratings of ‘dominance’, ‘masculinity’ and ‘attractive-
ness’ displayed significant correlations with salivary testos-
terone (table 1). Finally, attractiveness ratings were
significantly positively correlated with both ratings of
facial dominance (r = 0.462, p = 0.000) and masculinity
(r = 0.428, p = 0.001).

4. DISCUSSION

The aim of this study was to ascertain possible relation-
ships between organizational effects of testosterone (by
2D : 4D finger length ratio), activational levels of testos-
terone (via saliva) and perceived male facial character-
istics. Manning (2002) suggested that a low 2D : 4D ratio
may be associated with male assertiveness and dominance,
and we find some support for this prediction. Our results
showed that both left- and right-hand 2D : 4D ratios were
significantly negatively correlated with female ratings of
perceived male dominance and masculinity from colour

Proc. R. Soc. Lond. B (2003)
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Figure 2. (a) Scatterplot of left-hand 2D : 4D ratio and
female perceptions of masculinity. (b) Scatterplot of right-
hand 2D : 4D ratio and female perceptions of masculinity.

photographs (figures 1 and 2). To clarify this, measure-
ments made of male digit ratios were strongly related to
female perceptions of these same participants from head-
only colour photographs. This finding implies that high
prenatal levels of testosterone (resulting in a low 2D : 4D
ratio) serve to ‘organize’ male facial features (presumably
activated during puberty) to subsequently reflect
dominance/masculine characteristics. This is in accord
with the assertion of Campbell et al. (1998) that human
dominance behaviours may reflect organizational rather
than activational processes.

The development of certain facial features that contrib-
ute to perceptions of dominance may be testosterone
induced, and several authors have proposed that such
‘honest’ markers affect judgements of certain facial
characteristics. For example, Swaddle & Reierson (2002)
digitally manipulated male faces to mimic shape variations
caused by varying levels of testosterone. Female raters
selected the most dominant and attractive faces, with
‘high-testosterone’ faces producing higher dominance rat-
ings (though lower attractiveness ratings). Dominant-
looking males may be preferred as mates because their
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looks are ‘honest’ indicators of their potential to achieve
and maintain a high status (Mueller & Mazur 1997).

However, we found no evidence that circulating levels
of testosterone in our male volunteers were associated with
female ratings of their perceived dominance/masculinity,
indeed, testosterone levels within the males were not
related to their 2D : 4D ratios. This is perhaps not so sur-
prising, if male facial characteristics are organized before
birth and then sculpted during puberty, then we should
not expect fluctuating levels to be related to perceived
facial characteristics.

Our data revealed that perceived dominance and mas-
culinity are both significantly correlated with attractive-
ness ratings, but this may not be simply taken as support
for a direct link between these features. In the literature,
several reports of an association between attractiveness
and dominance exist (e.g. Keating 1985; Barber 1995),
but we know that this also entails some neonate features
such as large eyes, a small nose and a high forehead.
Consequently, as Mueller & Mazur (1997) point out, a
dominant-looking man may not be rated as attractive, and
an attractive man need not be perceived as being domi-
nant. Mueller & Mazur (1997) therefore propose that the
effects of facial dominance and attractiveness should be
considered separately by statistical analysis. Our data sup-
port this view of the 2D : 4D ratio as a pointer to prenatal
(and actual) levels of testosterone correlated with per-
ceived dominance and masculinity, but not with attract-
iveness. In addition, as we did not find a relationship
between attractiveness and circulating levels of testoster-
one, we may speculate that any association between these
features also operates at an early stage in life.

During early development, very high levels of testoster-
one are supposed to negatively affect development,
resulting in the expression of bodily asymmetries. The
2D : 4D ratio has been suggested to serve as a pointer to
the prenatal hormonal environment of a foetus. For our
study, we may speculate that the association between
attractiveness, dominance and masculinity on the basis of
underlying hormones, namely testosterone, is based on the
fact that: (i) the attractiveness–hormone link is a pointer
to developmental stability and immunocompetence; and
(ii) features developed under the influence of testosterone
do not directly account for attractiveness but rather for
male dominance and masculinity, both of which are fea-
tures of perceived behavioural social status rather than
mate value. The present findings are in accord with pre-
vious studies (Mueller & Mazur 1997; Mazur & Booth
1998) proposing that facial dominance is an honest signal
of dominant behaviour. As it suggests, a male’s mate value
depends on his potential to achieve high status in social
contexts.
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