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Subliminally Perceived Odours Modulate Female
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Abstract

Background: Evidence suggests that subliminal odorants influence human perception and behavior. It has been
hypothesized that the human sex-steroid derived compound 4,16-androstadien-3-one (androstadienone) functions as a
human chemosignal. The most intensively studied steroid compound, androstadienone is known to be biologically relevant
since it seems to convey information about male mate quality to women. It is unclear if the effects of androstadienone are
menstrual cycle related.

Methodology/Principal Findings: In the first experiment, heterosexual women were exposed to androstadienone or a
control compound and asked to view stimuli such as female faces, male faces and familiar objects while their eye
movements were recorded. In the second experiment the same women were asked to rate the level of stimuli attractiveness
following exposure to the study or control compound. The results indicated that women at high conception risk spent more
time viewing the female than the male faces regardless of the compound administered. Women at a low conception risk
exhibited a preference for female faces only following exposure to androstadienone.

Conclusions/Significance: We contend that a woman'’s level of fertility influences her evaluation of potential competitors
(e.g., faces of other women) during times critical for reproduction. Subliminally perceived odorants, such as
androstadienone, might similarly enhance intrasexual competition strategies in women during fertility phases not critical
for conception. These findings offer a substantial contribution to the current debate about the effects that subliminally
perceived body odors might have on behavior.

Citation: Parma V, Tirindelli R, Bisazza A, Massaccesi S, Castiello U (2012) Subliminally Perceived Odours Modulate Female Intrasexual Competition: An Eye

Movement Study. PLoS ONE 7(2): e30645. doi:10.1371/journal.pone.0030645

Editor: Etienne Joly, Université de Toulouse, France

Funding: The authors have no support or funding to report.

* E-mail: umberto.castiello@unipd.it

Received August 1, 2011; Accepted December 20, 2011; Published February 27, 2012

Copyright: © 2012 Parma et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Competing Interests: The authors have declared that no competing interests exist.

Introduction

The matter of subliminally perceived odors immediately calls up
the topic of pheromones. Pheromones are chemical signals first
discovered as sex attractants in animals, that appear to exert a
behavioral or physiological response in animals of the same species
[1]. As these chemicals have been primarily investigated in animals
[2], in which the issue of awareness per se cannot be considered, the
possibility that pheromones are also a human phenomenon and
that they could have an effect on human behavior is currently
being debated [3-9]. Due to the complexity of human behavior,
efforts to measure behavioral modifications following exposure to
putative pheromones have only been tentative [8,10]. Some
authors have, moreover, recently challenged the concept of
pheromones in all species [9]. For all intents and purposes, the
present study has circumvented that dispute and has concentrated
its efforts on investigating if a subliminally perceived odorant can
influence human behavior in view of the hypothesis that olfactory
cues can mediate behavioral responses. Extensively studied with
relation to its effects on mood, behavior and brain function [8],
androstadienone, which is found in human sweat and other
secretions, was the steroid compound investigated in the present
study [11-14].
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Although the issue is a highly disputed one [6], androstadie-
none, a member of the family of odorous 16-androstenes, is
considered a putative male human pheromone. Androstadienone
has not, however, always been detected in human secretions [14]
and the gender differences reported may have been due to the
small sample sizes assessed [10]. Although the physiological
concentrations produced by human males and females has not
been fully clarified [15-16], androstadienone has been experi-
mentally administered at concentrations over a million times
higher than levels naturally reported in the human body [17]. The
chemical has been shown to have strong pheromone-like
characteristics in the literature which has reported that androsta-
dienone influences emotional attention, modulating interpersonal
perception [18-20], increases women’s positive and decreases
negative moods in a context-dependent manner, enhances the
feeling of being focused [17-19,21-23], and increases women’s
tolerance to pain [24]. High doses of androstadienone, moreover,
determine measurable changes in endocrine status [25] and
autonomic arousal which appear to be specific to women [10,18—
19,26-31]. In neural terms, there is evidence that the effect of
androstadienone in women goes beyond the olfactory system
determining activation of brain areas associated with attention,
social cognition, and sexual behavior [32-37].
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Considerable evidence seems to suggest that androstadienone
might have a social function in that it may elicit behavioral
responses in women by modulating mate-choice decisions. This
hypothesis has been recently supported by a study carried out on
speed-dating (ecological) situations. Although depending on the
specific speed-dating situation, men were rated more attractive by
women exposed to androstadienone compared to those exposed to
a control compound [38]. In addition, the fact that women showed
concordant strength of preference for facial masculinity and for the
odor of androstadienone has been interpreted as indirect evidence
that the chemical indexes male mate quality [39]. It is well known
that mate preferences are strongly influenced by morphological
traits [40—41] that might enhance physical attractiveness [42]
probably because they signal mate genetic quality [43]. Interest-
ingly, women near peak fertility time show a higher preference for
visual (and auditory) masculinity and a lower one when their
conception risk is low [44—47]. Consistent with evidence that
androstadienone enhances women’s preference for male faces and
that the preference is naturally more pronounced when they are at
high conception risk, we hypothesize that there is a link between
conception risk and exposure to androstadienone. Does andros-
tadienone’s effect on women’s attraction to men vary depending
on the phase in their menstrual cycle? This is the question we have
attempted to answer here.

Experiment 1

The Effect of Androstadienone on Eye Fixation Towards
Female and Male faces and objects

Eye fixation times on female and male faces and on ordinary
objects by heterosexual women at high conception risk (HCR, i.e.
follicular phase) or low conception risk (LCR, i.e. luteal phase)
times were recorded and measured.

Materials and Methods

Ethics statement. The study’s experimental procedures were
approved by the Institutional Review Board at the University of
Padova and were in accordance with the principles of the
Declaration of Helsinki [48]. All the participants gave written
consent to participate in the research.

Participants. Seated in separate areas to ensure privacy, the
members of the original study cohort of 305 individuals (194
women and 111 men) were asked to fill out a questionnaire
concerning their history of nasal congestion or infections, olfactory
dysfunctions, and use of tobacco products or antidepressants. In
the absence of direct hormone values, the questionnaire posed
questions to the women about: use of hormone therapy, including
oral or intravenous contraceptives during the precedent six
months, the regularity of their menstrual cycle, and the
possibility that they could be pregnant. Although all members of
the original cohort took part in the study, data from the 23 women
using contraceptives, the 36 with irregular menstrual cycle, the 8
who described themselves as homosexual or bisexual, the 2 who
were possibly pregnant and the 15 who had used hormonal
contraceptives during the 6 months before experimentation were
not included in the analyses. Data from 16 participants (7 women
and 9 men) were also excluded for technical reasons. As a result,
the data from a total of 103 women (age: mean 22.6*1.0 years)
and 102 men (age: mean 22+ 1.2 years) were included in the final
analyses. To demonstrate that the effects of androstadienone are
unique to females, male participants were included in the study for
comparative purposes. Selection criteria were determined on the
bases of the questionnaire administered prior to the experimental
session.
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Consistent with other studies in the literature, a cycle-length
standardization formula was calculated to determine each woman’s
phase in her cycle. Although intra- and inter-women menstrual
cycle variability is quite high, this is particularly true for the follicular
rather than for the luteal phase [49]. We standardized the cycle
length to a 28-day cycle by adjusting the follicular phase of each
woman with respect to the length of her normal menstrual cycle.
This process resulted in an invariant luteal phase which remained
constant at 14 days. If a women was in her luteal phase, that is
during the last 14 days of her cycle, her standardized cycle day was
calculated by subtracting 28 days from the normal length of her
cycle and adding the number counting from the first day of her
cycle. Thus, if a woman had a 31-day cycle and it was the 23rd since
the beginning of her cycle, her standardized cycle day would be
calculated as follows: 28—31+23 = 20. If, instead, a woman was in
her follicular phase, that is during the first 14 days of her cycle, her
standardized cycle day was calculated by dividing her actual cycle
day by the length of her normal cycle minus 14, multiplied by 14. If
it was 10th day of her period and her cycle was normally 34 days
long, then the standardized-cycle-day would be calculated as
follows: [10/(34—14)]*14=7. For further details, refer to Garver-
Apgar and colleagues [50].

On the basis of these calculations then, our sample was
composed of 51 women in the HCR (or follicular) phase and 52
women in the LCR (or luteal) phase. Three experimental groups of
participants (26 women HCR phase; 26 women LCR phase; 26
men) and three control groups were composed (25 women HCR
phase; 26 women LCR phase; 26 men). Participants were not
given information concerning they study’s hypotheses or the
identity of the compounds involved before the experiment was
carried out. When debriefed and asked to describe the odor they
had smelled, all the participants reported smelling a clove or spicy
odor and none thought they had smelled odorants connected to
the human body, confirming the implicit nature of the study
results. As the chemical’s odor was masked by clove olil, the risk of
including super smellers [51], specific to the female groups since
women are known to be generally better than men at odor task
performances [52-53], was greatly reduced. A further test —
sniffing a pure androstadienone solution - was also carried out in
order to exclude the presence of participants selectively unable to
smell androstadienone (i.e., specific anosmia to androstadienone).
The results showed that none of the participants included within
the final sample could be considered functionally anosmic to the
experimental compound. Those participants (N =27) resulting
anosmic to androstadienone were excluded from the final analysis
for other reasons.

Compounds. The experimental compound consisted of a
250 uM solution of 4,16-androstadien-3-one (Steraloids Inc.,
Newport, RI; purity =98%) dissolved in propylene glycol (purity
=99%) containing 1% clove oil as an odor mask. The control
compound consisted of 1% clove oil in propylene glycol. Measured
amounts of solutions were pipetted onto pads which was used to
apply the experimental or control compound to the area of the
skin between the mouth and the nose of the participants.
Approximately 2 nmols of androstadienone were applied to the
epidermal surface of each of the participants. The methods and
concentrations utilized were chosen to permit comparisons with
findings already outlined in the literature [17,20,22-23,32,38].
Given that the concentration utilized is much higher than that
usually found in nature [21] and quite near the olfactory threshold,
[51] clove oil was added to mask thee conscious perception of its
scent. The compounds were prepared by an independent chemist
who revealed the code to the other experimenters only after the
statistical analyses were completed.

February 2012 | Volume 7 | Issue 2 | 30645



Stimuli. The stimuli were arrays of four black and white
photographs representing female (N = 12) and male (N = 12) faces,
and familiar objects (N=12) (Figure 1). The order of stimuli
presentation was fully randomized between and within subjects.
The items included within each stimulus together with their
position within the array were varied at each trial. The items were
included within a matrix in which it was possible to randomly
locate four stimuli at fixed x, y coordinates: top-left area (180, 50
and 428, 362 pixels), top-right (597, 50 and 846, 362 pixels),
bottom-left (180, 408 and 428, 718 pixels) and bottom-right (597,
408 and 846, 718 pixels). The photographs were standardized at
248 x310 pixels maintaining the original proportions using an ad-
hoc software (Paint Shop Pro, The Gimp). The photographs were
of faces depicting ordinary looking persons between 20 and 30 age
without distinctive signs (e.g., beard, piercing, particularly long
hair). For standardization purposes each model was asked to
maintain a neutral expression with his/her mouth closed and to
remove any accessories (jewellery and eyeglasses). The photos of
familiar objects included: a cigarette lighter, a screwdriver, a
computer mouse, a telephone, a mobile telephone, a spoon, a

Control Compound
A Men

Androstadienone and Female Intrasexual Competition

highlighter, a glove, a light bulb, a pair of eyeglasses, a pair of
scissors, a stapler and a pencil sharpener.

Eye-Tracking Measurement. The Eye Position Detector
System (EPDS; sampling frequency: 40 ms) [54] was utilized to
track eye movements. The EPDS gives two types of responses: a
series of x—y coordinates corresponding to the sequence of points
viewed by the participants on the stimulus and a visual pattern,
i.e., the eye track pattern for each item. The computer screen was
divided into four main areas of interest within which the items
composing the stimulus array were presented. Those areas were
considered the valid viewing points and the times the participants
fixated on those points were registered and summed.

Procedures. After the participants filled out the
questionnaire and signed the informed consent statement, they
were accompanied to the testing room and seated in front of a
computer monitor at a distance of ~70 cm. Left alone in the
testing room, they were monitored from an adjacent area via a
mirror and video monitor. For the ‘eye movement’ task the
participants were asked to view the stimulus for 1800 ms displayed
on the computer monitor during which time eye movements were

Androstadienone

B Women follicular phase

C Women luteal phase

Figure 1. An example of eye movement trajectories. Eye movement trajectories following exposure to the control compound or
androstadienone for (A) men, (B) women in the HCR phase and (C) women in the LCR phase.

doi:10.1371/journal.pone.0030645.g001
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recorded. Each participant viewed four blocks of nine trials
(N =36). The experimental session lasted ~60 min (from the time
the participant arrived to the time he/she left). The room
temperature and humidity was kept constant during the testing
sessions.

Data Analysis. A three-way ANOVA with
(androstadienone, control compound) and group (women HCR
phase, women LCR phase, men) as between-subjects factors and
item category (females’ faces, males’ faces and objects) as within-
subject factor was performed on the time spent by participants to
view the different items composing the stimulus. Post hoc pairwise
comparisons were performed using #tests and Bonferroni’s
corrections were applied. A significance threshold of P<<.05 was
set for all statistical tests.

treatment

Results

Qualitative Analysis of Eye Movement Trajectories. As
shown in Figure la, the eye movement trajectory patterns of the
male participants were not affected by exposure to the
experimental or control compounds. The HCR-phase women
spent more time viewing the female faces with respect to the male
faces or the objects following exposure to both compounds
(Figure 1b). The LCR-phase women showed the same eye
movement trajectory pattern as the men following exposure to
the control compound. When exposed to androstadienone, the
LCR-phase women had a pattern that was similar to that observed
in the HCR-phase women (Figure 1¢) showing a marked interest in
females faces with respect to the male faces and the objects
(Figure l¢).

Viewing Time. Differences in viewing the various stimuli
were significant (F5 9 = 52.39, P<<0.0001, n’= 0.83). Time spent
viewing the female faces was longer with respect those spent
viewing the male faces and the objects (1133 ms, 970 ms and
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813 ms, respectively; £,<<0.05). The comparison between the times
spent viewing the male faces and the objects was also significant
(»<<0.05). The differences between groups were significant
(£ 088 = 25.07, P<0.000, nz =0.66). Post-hoc contrasts revealed
that all three groups spent more time viewing female faces with
respect to the male faces and the objects (P,<<0.05; see Figure 2).
Time spent viewing the objects was similar across the groups
(P,>0.05; Figure 2). The HCR-phase women spent more time
viewing female faces than did the LCR-phase women or the men
(P,<0.05; Figure 2). Analysis of the intergroup differences with
regard to the various stimuli (F 9gg = 18.64, P<<0.001, 1’]2 =0.63)
indicated that when exposed to the control compound, all the
groups spent more time viewing the female faces with respect to
the males faces or the objects (P,<<0.05; Figure 34). The HCR-
phase women spent more time viewing female faces than did the
other two groups (£,<0.05; Figure 3a). Time spent viewing the
objects was similar across the groups (P,>0.05; Figure 3a).
Following exposure to androstadienone, the results were similar
to those found following exposure to the control compound as far
as the HCR-phase women and the men were concerned
(Figure 3b). Exposure to the compound, however, provoked a
change in the LCR-phase women who spent more time viewing
the female faces with respect to the male faces and the objects
(P,<<0.05; Figure 3b). In that group, time spent viewing females
faces after exposure to androstadienone was longer than that spent
following exposure to the control compound (1198 vs. 1068 ms;
$<<0.05). All the remaining differences across groups, with regard
to the type of compound used, and the stimuli were not significant
(P>0.05; Figure 3a-b).

We had originally hypothesized a link between conception risk
and exposure to androstadienone and specifically that the
chemical influenced women’s attraction for male faces depend-
ing on their menstrual cycle phase. The results presented here

OMen

Objects

Figure 2. A graphical representation of the groups by item category. Mean viewing time in the three groups of participants with respect to

each category. Bars represent the standard error of means.
doi:10.1371/journal.pone.0030645.9002
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Figure 3. A graphical representation of the groups by category. Mean viewing time in the three groups of participants with respect to each
category following exposure to the control compound (panel a) and to androstadienone (panel b). Bars represent the standard error of means.

doi:10.1371/journal.pone.0030645.9003

indicate that androstadienone does modulate women’s reaction
to facial stimuli depending on their menstrual cycle phase, but
that the modulation is connected to female rather than to male
stimuli. Specifically, LCR-phase women exposed to androsta-
dienone spent more time viewing female faces than when they
were exposed to the control compound. This effect, together
with the result that HCR-phase women spent more time viewing
female faces regardless of the compound administered seems to
provide indirect evidence that androstadienone can trigger
intrasexual competition strategies by which members of the
same sex compete for mating access to members of the opposite
sex [55].

Intrasexual competition has recently been investigated by
assessing the influence of fertility on the score women give to
photographs of male and female faces [56]. Specifically,
derogation - any act intended to decrease a rival’s perceived
value - was the competitive strategy that was studied. It was found
that during high fertility periods, competition, and hence
derogation, was stronger and this was confirmed by lower ratings
with regard to female facial attractiveness. Consistent with these
observations, the present results seem to indicate that presumably
because they need to evaluate potential rivals at a time critical to
select a mate, the HCR-phase women tend to pay more attention
to other women than to men regardless of the compound
administered while the LCR-phase women behave this way only
when they are exposed to androstadienone.

@ PLoS ONE | www.plosone.org

Subjective scores of visual stimuli were thus collected to assess
intrasexual competition.

Experiment 2

Investigations indicating that female faces are rated significantly
more attractive than male faces [57,58] suggest that female
attractiveness is of evolutionary importance, and hence, a potential
vehicle for competition. The present experiment assessing
intrasexual competition with regard to attractiveness replicated
that presented by Fisher [56]. Following exposure to the control
compound, or androstadienone, the participants were asked to
rate the facial attractiveness of the female faces utilized in
experiment 1. On the basis of the results obtained in experiment 1,
we expected the HCR-phase women to rate female faces less
attractive with respect to the LCR-phase women following
exposure to both compounds and that the latter group would
rate the female faces less attractive only after exposure to
androstadienone.

Materials and Methods

Participants. All 103 women who took part in experiment 1
also participated in the present study and did so during the same
menstrual phase as when they participated in the previous one.
Clare was taken to ascertain that they still met all the recruitment
criteria and that the conditions outlined in the questionnaire were
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invariable with respect to the time the first experiment was carried.
As in the previous experiment, there were 51 HCR-phase women
(days 6-15) and 52 LCR-phase women (days 05 and days 16-28).
The participants were randomly assigned to two experimental
groups exposed to androstadienone (26 women HCR phase; 26
women LCR phase) and two control groups exposed to the control
compound (25 women HCR phase; 26 women LCR phase). As no
effects were detected in male participants in experiment 1, none
were included in the second experiment. For similar reasons the
‘object’ category was also excluded.
Participants were asked to rate the facial
attractiveness of each of the female faces used for the ‘eye
movement’ experiment using a Likert-type scale (1 =extremely
unattractive to 7 = extremely attractive). Each of the faces used in
experiment 1 was presented at the center of a computer screen.
Data Analysis. An ANOVA was used to test for differences
between groups (women HCR phase, women LCR phase) and
compounds (androstadienone, control). Post hoc contrasts using ¢
tests and Bonferroni’s corrections were applied. A significance
threshold of P<<.05 was set for all statistical tests.

Procedures.

Results

The interaction ‘group by compound’ was found to be
significant (F 96 = 27.32, P<0.0001, n220.71). Post-hoc tests
revealed that the HCR-phase women exposed to the control
compound rated females’ faces significantly less attractive with
respect to the LCR-phase women (P<0.05; Figure 4). No
differences were found in the ratings given by the HCR-phase
women following exposure to the two compounds (P>0.05;
Figure 4). The LCR-phase women gave different ratings
depending on the compound administered and rated females
faces less attractive following exposure to androstadienone
(P<0.05). These findings corroborate those obtained in experi-
ment 1 and support the hypothesis that female intrasexual
competition, in particular through competitor derogation, are
affected by subliminal odorants such as androstadienone.

7. B Androstadienone

6

Female faces attractiveness ratings
;-
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Discussion

The aim of this study was to investigate how androstadienone
affects women’s judgment on facial stimuli during different phases
of their menstrual cycle on. Generally speaking, female faces were
viewed for longer times than were male faces or objects. The
HCR-phase women concentrated greater attention on female
faces than did the LCR-phase women regardless of odorant
exposure. The LCR-phase women spent more time viewing
female faces following androstadienone exposure.

Given the numerous studies that have reported an increased
preference for masculinity during ovulation [45] and following
exposure to androstadienone [38], these results might appear
surprising. We did not, in fact, expect to find differences in the
ratings of and behavioral response to female facial stimuli
depending on the compounds administered and the phase in the
women’s menstrual cycle. Since no studies, with the exception of
Hummer and McClintock’s [20], have examined the link between
conception risk and androstadienone exposure in the arena of
facial processing, the present findings can be seen as a novel
addition to this body of research.

In contrast to previous research on a similar topic, photographs
of real people rather than variations on computer-generated facial
stimuli [39,44-46] were utilized here. The argument has been
made, in fact, that it might not be a reliable assumption to evaluate
preferences during the menstrual cycle using morphed faces -
which might “translate to actual female choice” (pp. 2) [59] - as
unmanipulated photographs might convey them better since they
are closer to real world situations.

Eye movements, instead of self-reported measures [60], were
used as the former are not dependent on explicit processes and can
provide a precise measure of the duration of visual interest [61].
Although previous evidence suggests that androstadienone en-
hances feelings of being focused [17,22], no studies have reported
on its effect on sustained attention [23]. The recently published
work by Hummer and McClintock [20] demonstrated that
androstadienone may be able to increase attention to different

O Control Compound

Follicular Phase

Luteal Phase

Figure 4. A graphical representation of the ratings of facial attractiveness by the two groups. Mean ratings of facial attractiveness for the
LCR- phase and HCR- phase women following exposure to the control compound or androstadienone. Bars represent the standard error of means.

doi:10.1371/journal.pone.0030645.9004
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forms of emotional stimuli within an environment. Following this
train of thought connected to a number of psychological effects
related to androstadienone exposure [21,24], it is plausible that a
chemosensory attention related effect does exist and can be tested
in a biologically relevant framework (e.g. in the context of mate
selection process) but not in laboratory conditions [23]. It has been
shown, in fact, that female response to androstadienone is reflected
in brain areas involved in sustained attention [34].

Although all the female and male facial stimuli used in the
present experiments presented neutral expressions, the results
suggest that those stimuli may have prompted an emotional
response drawing the participants’ attention. But, why did HCR-
phase women spend more time viewing female faces and rating
them as less attractive regardless of the compound administered?
And, on the contrary, why did the LCR-phase women manifest
similar behavior only when exposed to androstadienone? It can be
hypothesized that the effects can be related to derogation, an
intrasexual competition strategy used to decrease a rival’s value
[62]. It appears to be a particularly relevant strategy for women
who find themselves competing for desirable mates who must
provide resources rather than attractiveness [55].

But who can be considered a “rival” in our experimental
model? A number of studies investigating how androstadienone
modulates moods indicated the importance of different contexts.
As an example, Jacob and colleagues [27] noted that women
exposed to androstadienone rated their mood more positively in
the presence of a male rather than a female experimenter. It is
possible then that a female technician, as in our case, could have
triggered the competition. In addition, consistent with Zajonc’s
affective primacy theory [63], it is possible that sensory inputs
(either conscious or subliminally perceived) requiring minimal
cognitive involvement (such as receiving task instructions from a
female experimenter or smelling a masked body odor) might play a
determinant role in human reproductive biology [64].

The fact that both groups of women show this ‘competitive’
pattern following androstadienone exposure seems to confirm the
relevance of the compound. Mazzatenta and colleagues [31]
recently hypothesized that androstadienone could have two-fold
“pheromonal-like” characteristics in high-peak fertility women. As
reflected in facial thermal skin fluctuations, androstadienone might
first act as a releaser, triggering a sexual arousal status - which may
have set off competition in our case- and secondly as a modulator
— affecting the eye movement pattern registered. In this respect,
these findings seem to be consistent with those reported in a
previous study which demonstrated female intrasexual competition
in terms of attractiveness [56]. Specifically, during critical times for
reproduction women were found to be more derogatory of female
facial attractiveness compared to infertile phases. Analogous
findings were found in HCR-phase women using the same
methodology. Using a more implicit method, we were able to
ascertain that participants viewed female with respect to male faces
longer and with greater attention. Moreover, in contrast to a
previously published study [65], we provided evidence that the
ratings women participants gave to female attractiveness were
modulated when they were exposed to a biologically relevant
odorant at least during a low fertility phase.

On the basis of our and others’ findings, it would seem that
androstadienone modulates voluntary eye movements by eliciting
a cascade of physiological and psychological events. With a certain
degree of caution, it can also be hypothesized that exposure to
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below threshold quantities of the chemical masked by another
odor had an effect on our participants’ endocrine system, as
previously shown [25]. This would be consistent with evidence
that in some situations its exposure can lead to measurable
alterations in the endocrine system which in turn might modulate
sexual strategies [25]. It is unclear why androstadienone does not
provoke cumulative effects in terms of female facial processing in
highly fertile women. It is possible that the effects of androstadie-
none in these women are prevented to avoid non-adaptive
behaviors, such as the degeneration of derogation in manifest
verbal (or physical) aggression towards same-sex rivals [66].

There were some limitations to the present study. First, the fact
that female judgment was confined to the attractiveness of females’
faces could have been extended to evaluate emotional dimensions
such as fear and anger which could reinforce the level of
intrasexual competition. This aspect could be considered in future
experiments in which the emotional content of facial expression is
manipulated. Second, the design did not allow for any examina-
tion of the effects of androstadienone to a specific intrasexual
competition behavior. Given that there are several ways in which
women compete intrasexually (e.g., derogating attractiveness,
derogating other women’s fidelity) further research is required to
determine if the chemical’s effect extends to all or only some
vehicles of competition. Third, we were unable to control for
relationship status. Some investigations on intrasexual strategies
have indicated that tactics for competitor derogation are
influenced by the expected duration of the relationship [67]. It is
possible that the strength of intrasexual competition varies in terms
of the desired relationship duration and feelings of commitments.
Fourth, this line of research might benefit from the use of solutions
in which the concentration of androstadienone used is consistent
with that naturally present in the environment. Fifth, using
different odorous body secretions (e.g. isovaleric acid) as control
compounds might give further insights in separating the specific
effects produced by androstadienone from those provoked by
biologically relevant odors in general. Finally, future studies should
include use of objective measurements (e.g. luteinizing hormone
detection kit) instead of self-reports concerning women’s menstrual
cycle in order to reduce possible hormonal variations influencing
sensory and judgment abilities on topics related to mate choice.
Finally, no hormone testing was carried out. As suggested by
Wyart and colleagues [25], future investigations may be able to
reveal a possible correlation between changes in endocrine state
following exposure to androstadienone and differential behavioral
responses to the compound throughout the menstrual cycle.

In conclusion, our results present a novel contribution
suggesting that women’s level of fertility influences the assessment
of potential competitors, causing them to view the faces of other
women more attentively at times critical for reproduction. On the
basis of these findings, subliminally perceived odorants such as
androstadienone seem to be able to enhance intrasexual
competition strategies in women during fertility phases not critical
for conception.

Author Contributions

Conceived and designed the experiments: UC. Performed the experiments:
VP. Analyzed the data: VP. Contributed reagents/materials/analysis tools:
SM RT. Wrote the paper: VP RT AB UC.

2. Tirindelli R, Dibattista M, Pifferi S, Menini A (2009) From pheromones to
behavior. Physiol Rev 89: 921-956.

February 2012 | Volume 7 | Issue 2 | 30645



20.

21.

22.

23.

24.

31.

32.

. Wysocki CJ, Preti G (2004) Facts, fallacies, fears, and frustrations with human

pheromones. Anat Rec A Discov Mol Cell Evol Biol 281: 1201-1211.
Stowers L, Marton TF (2005) What is a pheromone? Mammalian pheromones
reconsidered. Neuron 46: 699-702.

. Hays WST (2003) Human pheromones: have they been demonstrated? Behav

Ecol Sociobiol 54: 89-97.

. Pause BM (2004) Are androgen steroids acting as pheromones in humans?

Physiol behav 83: 21-29.

. Wyatt TD (2009) Fifty years of pheromones. Nature 457: 262-263.
. Havlicek J, Murray AK, Saxton TK, Roberts SC (2010) Current issues in the

study of androstenes in human chemosignaling. Vitam Horm 83: 47-81.

. Doty RL (2010) The great pheromone myth. Baltimore: John Hopkins

University Press.

. Grosser BI, Monti-Bloch L, Jennings-White C, Berliner DL (2000) Behavioral

and electrophysiological effects of androstadienone, a human pheromone.
Psychoneuroendocrino 25: 289-299.

. Bird S, Gower DB (1983) Estimation of the odorous steroid, 5 alpha-androst-16-

en-3-one, in human saliva. Experientia 39: 790-791.

. Labows JN (1988) Odor detection, generation and etiology in the axilla. In:

Felger C, Laden K, eds. Antiperspirants and deodorant, Dekker, New York. pp
321-343.

. Nixon A, Mallet AI, Gower DB (1988) Simultaneous quantification of five

odorous steroids (16-androstenes) in the axillary hair of men. J Steroid Biochem
Mol Biol 29: 505-510.

. Kwan TK, Trafford DJH, Makin HLJ, Mallet AI, Gower DB (1992) Gc-ms

studies of 16-androstenes and other ¢19 steroids in human semen. J Steroid
Biochem Mol Biol 43: 549-556.

. Brooksbank BWL, Wilson DAA, MacSweeney DA (1972) Fate of androsta-4,

16-dien-3-one and the origin of 3 {a}-hydroxy-5 {o}-androst-16-ene in man.
J Endocrinol 52: 239-251.

. Gower DB, Holland KT, Mallet AI, Rennie PJ, Watkins WJ (1994) Comparison

of 16-androstene steroid concentrations in sterile apocrine sweat and axillary
secretions:interconversions of 16-androstenes by the axillary microflora-a
mechanism for axillary odour production in man? J Steroid Biochem Mol Biol
48: 409-418.

. Jacob S, McClintock MK (2000) Psychological state and mood effects of

steroidal chemosignals in women and men. Horm Behav 37: 57-78.

. Bensafi M, Brown WM, Tsutsui T, Mainland JD, Johnson BN, et al. (2003) Sex-

steroid derived compounds induce sex-specific effects on autonomic nervous
system function in humans. Behav Neurosci 117: 1125-1133.

. Bensafi M, Tsutsui T, Khan R, Levenson RW, Sobel N (2004) Sniffing a human

sex-steroid derived compound affects mood and autonomic arousal in a dose-
dependent manner. Psychoneuroendocrino 29: 1290-1299.

Hummer TA, McClintock MK (2009) Putative human pheromone androsta-
dienone attunes the mind specifically to emotional information. Horm Behav 55:
548-559.

Jacob S, Garcia S, Hayreh D, McClintock MK (2002) Psychological effects of
musky compounds: comparison of androstadienone with androstenol and
muscone. Horm Behav 42: 274-283.

Lundstrém JN, Gongalves M, Esteves F, Olsson MJ (2003a) Psychological effects
of subthreshold exposure to the putative human pheromone 4, 16-androstadien-
3-one. Horm Behav 44(5): 395-401.

Lundstrém JN, Olsson MJ (2005) Subthreshold amounts of social odorant affect
mood, but not behavior, in heterosexual women when tested by a male, but not
a female, Experimenter. Biol Psychol 70: 197-204.

Villemure C, Bushnell MC (2007) The effects of the steroid androstadienone and
pleasant odorants on the mood and pain perception of men and women.
Eur J Pain 11: 181-191.

. Wyart C, Webster WW, Chen JH, Wilson SR, McClary A, et al. (2007) Smelling

a single component of male sweat alters levels of cortisol in women. J Neurosci

27: 1261-1265.

. Van Toller C, Kirk-Smith M, Wood N, Lombard J, Dodd GH (1983) Skin

conductance and subjective assessments associated with the odor of 5-[alpha]-
androstan-3-one. Biol Psychol 16: 85-107.

. Jacob S, Hayreh DJS, McClintock MK (2001a) Context-dependent effects of

steroid chemosignals on human physiology and mood. Physiol Behav 74(1-2):
15-27.

. Lundstrém JN, Olsson MJ, Schaal B, Hummel T (2006) A putative social

chemosignal elicits faster cortical responses than perceptually similar odorants.

Neuroimage 30: 1340-1346.

. Boulkroune N, Wang L, March A, Walker N, Jacob TJC (2007) Repetitive

olfactory exposure to the biologically significant steroid androstadienone causes
a hedonic shift and gender dimorphic changes in olfactory-evoked potentials.
Neuropsychopharmacol 32: 1822-1829.

. Chopra A, Baur A, Hummel T (2008) Thresholds and chemosensory event-

related potentials to malodors before, during, and after puberty: differences
related to sex and age. Neuroimage 40: 1257-1263.

Mazzatenta A, Romani GL, Tommasi L, Merla A (2010) Thermal signatures of
human pheromones in sexual and reproductive behavior. Available: http://
precedings.nature.com/documents/4477/version/1/html. Accessed 2010 May
20.

Jacob S, Kinnunen LH, Metz ], Cooper M, McClintock MK (2001b) Sustained
human chemosignal unconsciously alters brain function. NeuroReport 12:

2391-2394.

@ PLoS ONE | www.plosone.org

38.

39.

40.

41.

42.

43.

44.

46.

47.

48.

49.

50.

51.

52.

53.

54.

60.

61.

62.

63.
64.

66.

67.

Androstadienone and Female Intrasexual Competition

Savic I, Berglund H, Gulyas B, Roland P (2001) Smelling of odorous sex
hormone-like compounds causes sex-differentiated hypothalamic activations in
humans. Neuron 31: 661-668.

Gulyas B, Kéri S, O’Sullivan BT, Decety J, Roland PE (2004) The putative
pheromone androstadienone activates cortical fields in the human brain related
to social cognition. Neurochem Int 44: 595-600.

Savic I, Berglund H, Lindstrém P (2005) Brain response to putative pheromones
in homosexual men. Proc Natl Acad Sci USA 102: 7356.

. Berglund H, Lindstrém P, Savic I (2006) Brain response to putative pheromones

in lesbian women. Proc Natl Acad Sci USA 103: 8269-8274.

. Berglund H, Lindstrom P, Dhejne-Helmy C, Savic T (2008) Male-to-female

transsexuals show sex-atypical hypothalamus activation when smelling odorous
steroids. Cereb Cortex 18: 1900-1908.

Saxton TK, Lyndon A, Little AC, Roberts SC (2008) Evidence that
androstadienone, a putative human chemosignal, modulates women’s attribu-
tions of men’s attractiveness. Horm Behav 54: 597-601.

Cornwell RE, Boothroyd L, Burt DM, Feinberg DR, Jones BC, et al. (2004)
Concordant preferences for opposite—sex signals? Human pheromones and facial
characteristics. Proc R Soc Lond 271: 635-640.

Barber N (1995) The evolutionary psychology of physical attractiveness: sexual
selection and human morphology. Ethol Sociobiol 16: 395-424.

Rhodes G, Simmons LW, Peters M (2005) Attractiveness and sexual behavior:
does attractiveness enhance mating success? Evol Hum Behav 26: 186-201.
Rhodes G (2006) The evolutionary psychology of facial beauty. Annu Rev
Psychol 57: 199-226.

Scheib JE, Gangestad SW, Thornhill R (1999) Facial attractiveness, symmetry
and cues of good genes. Proc R Soc Lond 266: 1913-1917.

Penton-Voak IS, Perrett DI, Castles DL, Kobayashi T, Burt DM, et al. (1999)
Menstrual cycle alters face preference. Nature 399: 741-742.

. Penton-Voak IS, Perrett DI (2000) Female preference for male faces changes

cyclically: further evidence. Evol Hum Behav 21: 39-48.

Johnston VS, Hagel R, Franklin M, Fink B, Grammer K (2001) Male facial
attractiveness: evidence for hormone-mediated adaptive design. Evol Hum
Behav 22: 251-267.

Feinberg DR, Jones BC, Law Smith MJ, Moore FR, DeBruine LM, et al. (2006)
Menstrual cycle, trait estrogen level, and masculinity preferences in the human
voice. Horm Behav 49: 215-222.

World Medical Association Declaration of Helsinki, Ethical Principles for
Medical Research involving human subjects. Available: http://www.wma.net/
en/30publications/ 10policies/b3/index.html. Accessed 2010 May 20.

Fehring RJ, Schneider M, Raviele K (2006) Variability in the phases of the
menstrual cycle. JOGNN 35: 376-384.

Garver-Apgar CE, Gangestad SW, Thornhill R (2008) Hormonal correlates of
women’s mid-cycle preference for the scent of symmetry. Evol Hum Behav 29:
223-232.

Lundstrém JN, Hummel T, Olsson M]J (2003b) Individual differences in
sensitivity to the odor of 4, 16-androstadien-3-one. Chem Senses 28: 643-650.
Doty RL, Applebaum S, Zusho H, Settle RG (1985) Sex differences in odor
identification ability: a cross-cultural analysis. Neuropsychologia 23: 667-672.
Hummel T, Sekinger B, Wolf SR, Pauli E, Kobal G (1997) Sniffing Sticks:
olfactory performance assessed by the combined testing of odour identification,
odour discrimination and olfactory threshold. Chem Senses 22: 39-52.
Farroni T, Massaccesi S, Menon E, Johnson MH (2007) Direct gaze modulates
face recognition in young infants. Cognition 102: 396-404.

. Buss DM (1989) Sex differences in human mate preferences: evolutionary

hypotheses tested in 37 cultures. Behav Brain Sci 12: 1-14.

. TFisher ML (2004) Female intrasexual competition decreases female facial

attractiveness. Proc R Soc Lond 271: S283-S285.

. Bernstein IH, Lin T, McClellan P (1982) Cross-vs. Within-racial judgments of

attractiveness. Percept Psychophys 32: 495-503.

. Pawlowski B, Boothroyd LG, Perrett DI, Kluska S (2008) Is female attractiveness

related to final reproductive success? Collegium Antropol 32: 457-460.

. Peters M, Simmons LW, Rhodes G (2009) Preferences across the menstrual

cycle for masculinity and symmetry in photographs of male faces and bodies.
PloS one 4(1): e4138. doi:10.1371/journal.pone.0004138.

Stanley D, Phelps E, Banaji M (2008) The neural basis of implicit attitudes. Curr
Dir Psychol Sci 17: 164-170.

Richardson DC, Spivey MJ (2000) Representation, space and hollywood
squares: looking at things that aren’t there anymore. Cognition 76: 269-295.
Buss DM, Dedden LA (1990) Derogation of competitors. J Soc Pers Relat 7:
395-422.

Zajonc RB (1984) On the primacy of affect. Am Psychol 39: 117-123.
Grammer K, Fink B, Neave N (2005) Human pheromones and sexual attraction.
Eur J Obstet Gynecol Reprod Biol 118: 135-142.

. Dematté ML, Osterbauer R, Spence C (2007) Olfactory cues modulate facial

attractiveness. Chem Senses 32: 603-610.

Buss DM, Shackelford TK (1997) Human aggression in evolutionary
psychological perspective. Clin Psychol Rev 17: 605-620.

Schmitt DP, Buss DM (1996) Strategic self-promotion and competitor
derogation: sex and context effects on the perceived effectiveness of mate
attraction tactics. J Pers Soc Psychol 70: 1185-1204.

February 2012 | Volume 7 | Issue 2 | 30645



