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Abstract Men prefer the scents of fertile-phase women to the scents of luteal-phase
women. Very little research, however, has examined women’s responses to other
women’s scents. The current research did so by asking female participants to smell
one of two sets of t-shirts: One set that was worn by women during the fertile phase of
their cycle, and one set that was worn by the same group of women during their luteal
phase, and then rate the “pleasantness” of the scent of each shirt. Women preferred the
scents of shirts worn during the fertile phase. Evidence suggested that exposure to luteal
phase shirts may prime more assertive responses to other young women. In women with
high estradiol and low progesterone during the session, testosterone became elevated. A
number of possible explanations may account for these effects. Additional research is
needed to assess them and establish the robustness of these effects.

Keywords Scent .Menstrualcycle .Fertilephase .Lutealphase .Testosterone .Estradiol .

Progesterone

Introduction

In a seminal study, Poran (1994) charted men’s attraction to their female partner’s scent
throughout the course of their menstrual cycle. Men consistently rated their partners’
scents to be most attractive in the days immediately prior to ovulation. More recent
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research has found, repeatedly, that men not pair-bonded to target females demonstrate
the same scent preferences: They prefer the scent of fertile-phase women (Singh and
Bronstad 2001; Thornhill et al. 2003; Havlíček et al. 2006; Kuukasjärvi et al. 2004;
Miller and Maner 2010; Gildersleeve et al. 2012; for one null result, see Thornhill and
Gangestad 1999). These findings need not imply that women advertise their fertility
status with scent. Indeed, there exists no evidence that women possess specialized
mechanisms for production and dissemination or specialized scents at mid-cycle, as
some other animal species do. A more likely explanation is that men detect subtle
changes in women’s scents that are a by-product of other changes linked with fertility
status (e.g., associated with hormones or their physiological effects), and that males
have been selected to prefer cues of a fertile status (e.g., Thornhill and Gangestad
2008). This preference is probably not a trait strictly derived in humans per se, as males
in some primate species exhibit preferences for the scent of fertile-phase females as
well (e.g., Cerda-Molina et al. 2006b; Matsumoto-Oda et al. 2002; Ziegler et al. 1993).

Interestingly, men not only prefer, but produce a physiological response to, the scent
of fertile-phase women. Miller and Maner (2010) found that men’s testosterone levels
rose more following exposure to fertile-phase women’s scents compared to exposure to
luteal-phase women’s scents. (For a failure to replicate, see Roney and Simmons 2012.
On similar effects in non-human primates, see Cerda-Molina et al. 2006a).

Two published studies to date has asked whether women differentially evaluate the
scents of other women, as they vary as a function of fertility status. Maner and McNulty
(2013) found no effect of cycle phase of a shirt donor on women’s evaluation of the
scent of the shirt, while Kuukasjärvi et al. (2004) found a marginally significant effect
such that fertile-phase scents were preferred. Power to detect any effect, however, was
very low in both studies, as each of 25 women smelled just one shirt (either one
donated by a peri-ovulatory woman or one donated by a woman during the luteal
phase) in Maner & McNulty’s study, while just 12 women rated shirts in Kuukasjärvi
et al.’s study. Maner and McNulty (2013) nonetheless found that women’s testosterone
changed as a function of being exposed to the scent of a woman during the fertile or
luteal phase; the testosterone of women exposed to the scent of a peri-ovulatory woman
remained steady or increased over time, whereas the testosterone of women exposed to
the scent of a woman during the luteal phase tended to decrease. Maner and McNulty
(2013) speculated that the function of this alteration in testosterone level is to facilitate
competition with a reproductively capable female, as testosterone appears to function in
some other species (e.g., Beehner et al. 2005), but they did not assess female
intrasexual competitiveness in their study. The current study sought to examine, using
a more powerful design, women’s evaluation of the scents of women associated with
the fertile and luteal phases. It also sought to address additional questions pertaining to
testosterone changes and their possible function. In particular, we asked the following
questions:

First, do women prefer the scents of either fertile-phase or luteal-phase women
over the other?
Second, how does exposure to the scents of fertile-phase vs. luteal-phase women
affect women’s intrasexual competitiveness with other women? As argued by
Maner and McNulty (2013), fertile-phase women might be viewed as competitors,
and hence their scents might evoke competitive behaviors. Alternatively, scents of

Adaptive Human Behavior and Physiology (2015) 1:434–448 435



fertile-phase women might have the opposite effect on competitiveness (e.g.,
because fertile-phase scents suggest to females that it is a propitious time to
reproduce).
Third, do women’s testosterone levels change differentially as a function of
exposure to fertile-phase and luteal-phase scents? Our sample size of both female
scent donors (15 vs. 4) and smellers (58 vs. 25) substantially exceeded sample
sizes in Maner and McNulty (2013) study, meaning this study should have
possessed greater statistical power to detect meaningful changes in women’s
responses to female scents.
Fourth, we performed exploratory analyses examining the main effects and
moderating effects of shirt-smellers’ own hormone levels, with specific emphasis
on reproductive hormones (estradiol, progesterone, testosterone) - though cortisol
was included as well. Following Maner and McNulty (2013) hypothesis, we might
expect an enhanced competitive response to fertile-phase scents from women who
are also in their fertile phase. Steroid hormones are also known to affect olfactory
function (Moffitt 2003). We asked whether women’s responses to fertile-phase and
luteal-phase women’s scents varied as a function of these markers of fertility status.
In so doing, we examined main effects of these hormones on outcomes (e.g., scent
attractiveness, intrasexual competitiveness) as well as interactions between the
hormone levels and donor phase (fertile vs. luteal). Such interactions reflect the
extent to which differential responses to fertile-phase vs. luteal-phase scents are
associated with steroid hormone levels.

Methods

Participants and Procedures

Fifteen women ages 18–38 (median age = 19.4, SD=3.6) donated the t-shirts used in
this study. They were not taking hormonal birth control, were not menopausal, pregnant
or breastfeeding, and reported not to experience irregular cycles. Participants’ self-
reported menstrual cycle data (day of the cycle and typical cycle length) were used to
estimate two periods, during each of which women were instructed to wear a plain
white t-shirt, freshly washed in no-scent detergent, for two nights. One was targeted to
be the late follicular phase, within the 5-day fertile window that occurs prior to the day
of ovulation. On average, day of ovulation occurs 13–14 days prior to the beginning of
the following cycle, with 80 % of luteal phase lengths occurring within a 5-day window
(e.g., Baird et al. 1995). Hence, women were instructed to wear shirts donated to the
fertile phase condition 15–18 nights prior to their next expected menses. The other was
targeted to be the mid-luteal phase, which occurs, on average, 1 week after ovulation.
Hence, women were instructed to wear these shirts between 7 to 10 nights prior to
anticipated end of the cycle. From these 15 women, we obtained 11 shirts worn by
women during the late follicular phase, and 13 worn by women during the luteal phase.

We note that, because phase of the cycle of donors was not definitively confirmed
(e.g., through testing of a luteinizing hormone, or LH, surge), we cannot be assured that
all shirts were worn during targeted phases. And, even in normal young women,
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anovulation occurs in about 8 % of all cycles (Ahrens et al. 2014). However, as each
woman rater was exposed to multiple stimuli of the same type, it is almost certainly the
case that women assigned to smell shirts worn during the follicular phase were indeed
exposed to more shirts worn during that phase, and women assigned to smell shirts
during the luteal phase were exposed to more shirts worn during that phase. As a
common set of women donated shirts for both phases, features of the scents due to
individual identity, and not varying across phase, should have been controlled.

During these two windows, women were asked to shower with unscented soap
provided to them, and to avoid scented deodorant, soaps, and perfumes; all spicy and
pungent foods (e.g. jalapeños, coffee, garlic, onions, etc.); sleeping with another
person; and having sex with another person (for similar procedures, see Kuukasjärvi
et al. 2004; Singh and Bronstad 2001; Thornhill and Gangestad 1999).

After wearing a shirt, participants placed it in an unscented plastic bag, and returned
it the morning immediately following to the University of New Mexico’s Department
of Biology. Shirts were kept frozen at −20 °C (e.g., Singh and Bronstad 2001) for up to
2 months prior to use as stimuli. Freezing within this timeframe has not been found to
affect features (pleasantness, intensity) of odors (Lenochova et al. 2009).

Sixty-seven women ages 18–55 (median age = 21.25, SD=6.5) were recruited to
smell t-shirts. Participants were college women recruited from a psychology participant
pool, and we explicitly targeted women who were normally ovulating. In return for
participation, they were given credit toward meeting a research requirement for a
psychology class. Participants were randomly assigned to one of two conditions:
Exposure to fertile-phase shirts, or exposure to luteal-phase shirts. Though multiple
women were sometimes run during a session, each woman was in her own private
room during her smelling and rating of shirts. All sessions were run within a consec-
utive 3-day period, and shirts were never refrozen after unfreezing.

Participants first completed a questionnaire concerning demographics, past and
current hormonal birth control use, pregnancy/breastfeeding status, and menstrual
cycle. As steroid hormones affect olfactory processing (Moffitt 2003) and we specif-
ically targeted for recruitment normally ovulating women, women who were currently
taking contraceptive hormones (5), had taken them within the past 3 months (1), were
pregnant (1) or post-menopausal (1, 56 years old), and were taking other hormonal
medications (1) were excluded from primary analyses. Additionally, women who
reported inconsistent menstrual cycles (indicative of irregular ovulation), including
pre-menopausal and menopausal women, were not included. A sample of 58 women,
then, met our criteria for inclusion (mean age = 21.14, SD=5.98; range = 18–47; ages
for fertile phase and luteal phase shirt-smellers = 21.33 [SD=6.1], 20.97 [SD=6.0],
t56=0.23, p=0.82).

Participants were then asked to smell and rate each shirt on a scale from one to ten
on “pleasantness” of the odor, where one was “Not at all Pleasant,” and ten was “Very
Pleasant.” Participants were then given a series of questionnaires and personality
measures.

Two specific questionnaire measures were of interest in this study.

Intrasexual Competitiveness Women were asked a series of 4 paired questions
concerning their responses to another woman following an incident that could poten-
tially provoke an aggressive response. Scenarios were based on similar ones used by
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Griskevicius et al. (2009). One question of the pair concerned the participant’s likely
response to a “young woman”; the other concerned her response to an “elderly
woman”. For instance, one question was the following: “You see a young woman
[an elderly woman] talking to someone you are romantically involved with. Would
you: (a) Glare at her, (b) Enter an argument with her, (c) Do nothing, (d) Other ____.”
Other scenarios were “A ___ woman accidentally spills a drink on you at a party while
you are talking to someone you are attracted to”; “A ____ woman swerves in front of
you on the freeway”; “A ___ woman lets her friend cut in line at the grocery store.”
Responses were graded from least aggressive/competitive (e.g., in the instance above,
“Do nothing”) to the most (e.g., “Enter an argument with her”). Open-ended responses
(22 % of all responses) were coded by an individual blind to the participant’s condition
(mapped onto the range of scores of explicit scores) and totaled to calculate the
participants’ overall aggressiveness/competitiveness score, as well as an
aggressiveness/competitiveness score for both targets (young vs. elderly woman). To
obtain a measure of intrasexual competitiveness with a potential sexual rival, we
summed the competitiveness of responses to a young woman and subtracted responses
to an elderly woman. In this way, we attempted to control for general aggressivity in
response to provocations, and target ones specific to responding to a potential sexual
rival. Differences (response to young – response to elderly woman) did not highly
covary across items; α=0.25.

A number of personality questionnaires were not pertinent to the present research.

Salivary Hormone Assays

Participants were asked to provide two saliva samples via passive drool, following
Salimetrics guidelines (www.salimetrics.com). One sample was provided immediately
prior to smelling the t-shirts, and one following completion of all measures
(approximately 20 min following exposure to the scents). Samples were frozen at −
20 °C. Assays for testosterone, estradiol, progesterone, and cortisol were conducted in
the Hominoid Reproductive Ecology Laboratory, University of New Mexico.

Testosterone, estradiol, and progesterone were analyzed with ELISA kits designed
for saliva by Salimetrics (Carlsbad, CA). Cortisol was analyzed using a comparable
procedure with reagents and protocols provided by the Clinical Endocrinology
Laboratory at the University of California at Davis (Antibody R4866, sensitivity
~16 pg/ml). Serial dilutions of a saliva sample demonstrated parallelism with cortisol
standard curve (t=−0.39, p=0.71). The interassay CVs for low and high samples,
respectively, were: 6.3 and 5.0 % (cortisol), 6.4 and 5.1 % (estradiol), 11.7 and 6.4 %
(progesterone), and 15.2 and 6.9 % (testosterone). Intraassay CVs, calculated as the
mean CVof duplicate sample determinations, were: 8.4 % (cortisol), 6.3 % (estradiol),
9.4 % (progesterone), and 4.9 % (testosterone).

Across groups exposed to fertile-phase and luteal-phase shirt scents, women’s pre-
exposure mean levels of testosterone (52.6 [SD=25.6], 55.8 [34.8], respectively; t53=
0.38, p=0.71), estradiol (3.14 [1.18], 3.17 [1.41]; t53=−0.07, p=0.94), and progester-
one (42.7 [41.9], 60.8 [49.0]; t53=1.46, p=0.15) did not significantly differ. At a
marginal level of significance, the pre-exposure cortisol levels of women who smelled
fertile-phase shirts (mean = 2620, SD=1284) were less than the pre-exposure levels of
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women who smelled luteal-phase shirts (mean = 3511, SD=2220), t45.9=1.83, p=0.073
(test using separate variance estimates used, as variances significantly differed:
Levene’s test: F1.52=4.31, p=0.043).

Analysis Strategy

We analyzed data in two steps.
First, we focused on whether exposure to fertile-phase or luteal-phase scents affected

women’s responses. In the cases of scent attractiveness and intrasexual competitive-
ness, we performed simple t-tests. In the cases of testosterone, we ran an ANCOVA
(under SPSS 22.0, GLM univariate) on post-exposure levels as a function of donor
phase, with pre-exposure level entered as a covariate.

Second, we explored hormonal main effects and interactions with donor phase. We
performed ANCOVAs (under SPSS 22.0, GLM univariate) with (a) donor phase
entered as a factor, (b) all pre-exposure hormone levels entered as covariates, and (c)
interactions between pre-hormone levels and donor phase entered as well. All covar-
iates were zero-centered through z-scoring for these analyses, so that main effects
would be interpretable as overall main effects. We followed up significant interactions
by examining the effect of donor phase at 1 SD above the mean on pre-exposure
hormone level, and 1 SD below the mean on pre-exposure hormone level, as recom-
mended by Cohen et al. (2003).

Estradiol and progesterone levels should not be strongly affected in the short term, as
levels should largely be produced in the granulosa cells in the ovarian follicles or the
corpus luteum, not strongly under immediate neural control. To check this assumption,
we ran repeated measures ANOVAs on pre- and post-exposure levels of these hor-
mones, with donor phase entered as a between-subject factor. For estradiol, pre- and
post- levels did not differ, F1,51=0.00, p=0.95, eta

2=0.000, and change was not
significantly moderated by donor phase, F1,51=2.05, p=0.158, eta2=0.039.
Progesterone levels were higher post-exposure than pre-exposure, F1,51=4.39,
p=0.041, eta2=0.079, though change was not moderated by donor phase, F1,51=
0.45, p=0.51, eta2=0.009. An examination of change scores revealed, however, that
the effect was driven by three outlying cases, all >7 SD from the mean when they were
excluded, > 3.5 SD from the next highest value. For inexplicable reasons, we had
measured very low initial levels of progesterone in these women, but much higher
levels later in the session. With these outliers eliminated, pre- and post-exposure levels
did not differ, F1,51=1.07, p=0.31, eta

2=0.022, and the correlation between them was
very high, r=0.85, p<0.000001. (With outliers included, the correlation was 0.51.) To
obtain more reliable measures of estradiol and progesterone, under the assumption that
they were not meaningfully affected by the manipulation, we averaged pre- and post-
levels, with mean substitution of progesterone values for the three women with outlying
change scores. Results were very similar when we excluded these three cases or
retained their mean scores.

In contrast to estradiol and progesterone, we used the pre-exposure values for
cortisol and testosterone in all analyses, as those hormones might be systematically
affected by exposure to scents.

Correlations between before- and after-exposure levels of testosterone, estradiol, and
cortisol were 0.58 (p<0.001), 0.28 (p<0.05), and 0.60 (p<0.001), respectively. The

Adaptive Human Behavior and Physiology (2015) 1:434–448 439



correlation for estradiol was suppressed by one apparent bivariate outlier; with
that woman removed, the correlation was 0.41, p=0.003. Her mean value, used
in the analysis, however, was very close to the mean. We retained that value in
all analyses.

Results

Women’s Scent Preferences

Fertile-Phase vs. Luteal Phase Scents With a simple t-test, we assessed whether
women’s mean scent attractiveness ratings differed as a function of donor phase (fertile
vs. luteal). In fact, women’s mean ratings of fertile-phase shirts significantly exceeded
their mean ratings of luteal phase shirts, means = 4.97 (SD=1.41) vs. 4.24 (SD=1.27),
t56=2.07, p=0.043.

The Effects of Rater Hormone Levels In follow-up analyses adding rater hormone
levels as predictors, donor phase significantly affected scent attractiveness, F1,44=
7.31, p=0.010, partial eta2=0.142. In addition, rater’s cortisol had a significant mean
positive effect on ratings across conditions, F1,44=4.09, p=0.049 partial eta2=0.085;
testosterone had a marginally significant positive effect, F1,44=4.02, p=0.051, partial
eta2=0.082.

The main effect of cortisol, however, was qualified by a significant interaction with
donor phase, F1,44=4.77, p=0.034, partial eta

2=0.098. To interpret this interaction, we
conducted analyses assessing simple main effects of donor phase at one standard
deviation above and one standard deviation below the mean on cortisol (as
recommended by Cohen et al. 2003). At one standard deviation above the mean on
cortisol, donor phase had a significant effect on scent attractiveness, F1,44=9.82, p=
0.003, partial eta2=0.182, with fertile-phase shirts being preferred. No effect of phase
emerged at one standard deviation below the mean on cortisol, F1,44=0.00, p=0.95,
partial eta2=0.000.

With all non-significant terms removed, the cortisol x donor phase interaction
remained significant, F1,49=4.29, p=0.044, partial eta

2=0.080.

Women’s Intrasexual Aggressiveness

Fertile-Phase vs. Luteal-Phase Scents We performed a similar analyses on women’s
aggressiveness toward a young (vs. older) woman. A t-test yielded a significant effect
of donor phase, t56=2.10, p=0.041. On average, women exposed to luteal-phase shirts
expressed greater levels of assertiveness in the test scenario involving a hypothetical
young woman (relative to an elderly woman), compared to women exposed to fertile-
phase shirts, means = 0.38 (SD=0.33) and 0.21 (SD=0.26), respectively. Our measure
of intrasexual competitiveness may be interpreted as an ordinal rather than interval-
level scale (given the ordinal nature of increases in competitiveness of possible
responses). In an ordinal logistic regression treating intrasexual competitiveness as
reflecting ordered responses, the effect of donor phase was marginally
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significant, Wald = 3.41, p=0.065. A Mann–Whitney U non-parametric test
yielded exactly the same p: 0.065.

The Effects of Rater Hormone Levels In a follow-up ANCOVA with hormone levels
added, effect of donor phase fell short of significance, F1,44=3.86, p=0.056, partial
eta2=0.081). No main effects or interactions involving hormone levels were statistically
robust, all p≥0.146.

Post-Scent Exposure Testosterone Levels

Fertile-Phase vs. Luteal-Phase Scents As expected, pre-exposure testosterone levels,
entered as a covariate, strongly predicted post-exposure levels, F1,50=25.81, p<0.001,
partial eta2=0.340. We detected no effect of donor phase, F1,50=1.42, p=0.239, partial
eta2=0.028; marginal means for fertile-phase and luteal-phase conditions = 56.92 (SE=
3.66), 50.92 (SE=3.46), respectively.

The Effects of Rater Hormone Levels To examine whether rater hormone levels
moderated the testosterone response to a donor scent, we did not include pre-
exposure testosterone itself as a moderator but rather focused on moderating influences
of the other hormones (but see our follow-up analysis below). The effect of donor phase
on testosterone response was marginally significant, F1,43=3.10, p=0.085, partial eta

2=
0.067. But, this effect was significantly moderated by both estradiol, F1,43=6.55, p=
0.014, partial eta2=0.132; and progesterone, F1,43=6.04, p=0.018, partial eta

2=0.123.
At one standard deviation above the mean in estradiol levels, donor phase had a

large effect, F1,43=9.19, p=0.004, partial eta
2=0.176. Women exposed to fertile-phase

shirts had higher testosterone compared to women exposed to luteal-phase shirts. At
one standard deviation below the mean in estradiol, no effect of donor phase emerged,
F1,43=0.62, p=0.43, partial eta

2=0.014. Figure 1 illustrates this interaction.
At one standard deviation below the mean in pre-scent progesterone levels, donor

phase had a robust effect, F1,43=8.39, p=0.006, partial eta
2=0.163. Once again,

women exposed to fertile-phase shirts had higher testosterone levels relative to women
exposed to luteal-phase shirts. At one standard deviation above the mean in progester-
one, no effect of phase was detected, F1,43=0.55, p=0.51, partial eta

2=0.010. See
Fig. 2.

With cortisol and its interaction with donor phase eliminated from the model (as
neither approached significance), the interaction between donor phase with estradiol
remained significant, F1,46=4.38, p=0.042, partial eta

2=0.087, and the interaction
between donor phase and cortisol was marginally significant, F1,46=3.36, p=0.073,
partial eta2=0.068.

One can also consider the joint hormonal effects. When women had hormone levels
characteristic of the late follicular phase – one standard deviation above the mean on
estradiol and one standard deviation below the mean on progesterone – the effect of
donor phase was especially pronounced, F1,43=11.82, p=0.001, partial eta

2=0.216.
Again, women exposed to fertile-phase shirts had higher testosterone levels relative to
women exposed to luteal-phase shirts. This effect remained robust with non-significant
cortisol effects removed from the model, F1,46=8.08, p=0.007, partial eta

2=0.149.
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When testosterone was also included as a moderator of the effects of donor phase on
testosterone itself, its effect fell short of significance, F1,42=3.76, p=0.059, partial
eta2=0.082. The effect of donor phase was not significant, F1,42=2.64, p=0.111, partial
eta2=0.059. The interaction between estradiol and donor phase became marginally
significant, F1,42=3.80, p=0.058, partial eta

2=0.083. Nonetheless, the effect of donor
phase remained pronounced when women were one standard deviation above the mean
on estradiol and one standard deviation below the mean on progesterone, with or

Fig. 2 Association between progesterone (pg/ml) during the session and testosterone (pg/ml) after exposure
to scents as a function of donor phase. Black diamonds and solid regression line: Fertile phase scents. Open
triangles and dotted regression line: Luteal phase scents. Values calculated as residuals with all other
predictors partialled out, mean centered

Fig. 1 Association between estradiol (pg/ml) during the session and testosterone (pg/ml) after exposure to
scents as a function of donor phase. Black diamonds and solid regression line: Fertile phase scents. Open
triangles and dotted regression line: Luteal phase scents. Values calculated as residuals with all other
predictors partialled out, mean centered
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without cortisol effects in the model: F1,42=9.49, p=0.004, partial eta
2=0.184, and

F1,45=8.55, p=0.005, partial eta
2=0.160, respectively.

Post-Scent Exposure Cortisol Levels

We performed exploratory analyses examining effects of donor phase and interactions
with hormone levels on post-exposure cortisol levels. With pre-exposure cortisol levels
controlled, the effect of donor phase was not significant, F1,53=1.85, p=0.18, partial
eta2=0.034. No interactions between donor phase and hormone levels were detected,
whether the interaction with pre-exposure cortisol level was included in the model or
not, all F1,41/42=1.14, p>0.29. One main effect emerged: Estradiol levels positively
predicted post-exposure cortisol levels, F1,42=5.62, p=0.022, partial eta

2=0.118. This
effect may not be robust, as it was the sole effect, of 7 examined, that emerged.

Discussion

Summary of Findings

In this study, we explored answers to a number of questions.
First, do women evaluate the scents of other women differently, depending on the

cycle phase of target women? The answer appears to be yes. Just as men do, women in
our study found the scents of fertile-phase women to be more attractive than the scents
of luteal-phase women. This effect emerged in a simple t-test comparing the effects of
donor phase on scent attractiveness ratings, and was especially strong after controlling
for effects of potential hormonal effects.

Second, does exposure to scents of fertile-phase and luteal-phase women differen-
tially prime intrasexually-competitive motives in women? The answer is a qualified yes.
We found that, in response to scenarios involving a young woman (in comparison to an
older woman), women in our study responded in more aggressive, competitive ways
following exposure to luteal-phase scents, relative to exposure to fertile-phase scents.
We do stress, however, that in non-parametric tests applied because our measure of
intrasexual competitiveness may offer ordinal but not interval-level data, the effect fell
short of significance (p=0.065). Nonetheless, our results may be of interest because we
distinctly found no evidence in favor of Maner and McNulty’s (2013) proposal, which
is that exposure to fertile-phase scents leads women’s intrasexual competitiveness to
increase; effects in our study ran in the opposite direction. One might be concerned that
our measure of intrasexual aggressiveness toward a young potential competitor had low
reliability and, potentially validity, despite a very similar measure having been used in
previous research (Griskevicius et al. 2009); square root of reliability (estimated r with
“true scores”) was just 0.50. Nonetheless, even if low reliability compromised power to
detect effects, effects opposite prediction should not be expected.

Third, do women’s testosterone levels respond differentially as a function of
exposure to other women’s scents during the fertile phase as opposed to scents
during the luteal phase? Maner and McNulty (2013) found that women’s
testosterone levels rise in response to fertile-phase scents more so than luteal-
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phase scents. In our analyses, this main effect fell short of significance (though
was marginally significant in one analysis). Strikingly, however, we found
evidence for interactions between phase of donor scent and reproductive hor-
mone levels. In particular, women’s testosterone levels were especially high
following exposure to fertile (vs. luteal) phase scents when estradiol levels were
high and progesterone low – conditions that, themselves, are characteristic of
the fertile phase (e.g., Roney and Simmons 2013). When testosterone itself was
added as another moderator, both its moderation effect and that of estradiol
became marginally significant. Yet, as both effects were in the same direction
and both estradiol and testosterone tend to be elevated in the late follicular
phase (Roney and Simmons 2013), the general point holds. Specifically, our
findings qualify Maner and McNulty’s (2013): Exposure to the scent of fertile-
phase shirts may prompt a testosterone response in women, but selectively in
women whose hormone profile is characteristic of the fertile phase.

In addition, we found a moderating effect of cortisol levels on effects of donor phase
on scent attractiveness. Fertile-phase scents were particularly preferred by women with
relatively high levels of cortisol.

Robustness of the Interactions

As noted in the introduction, our examination of the moderating effects of women’s
own hormone levels on their responses to women’s scents was exploratory. Steroid
hormones are widely recognized to affect olfactory processing and, hence, such
moderating effects are very plausible. At the same time, as it is not clear precisely
what chemicals in women’s scents women might respond to, we offered no a priori
predictions. A number of moderating effects emerged.

One may wonder how robust these effects are. We examined moderating effects of 4
hormone levels on 3 primary outcomes of interest: scent attractiveness, intrasexual
competitiveness, and testosterone – for a total of 12 effects. Three, or 25 %, emerged as
significant at the 0.05 level – 5 times the number expected by chance alone. At the
same time, none would be significant if a very conservative Bonferroni adjustment for
multiple comparisons were made: under that criterion, significant ps would be less than
0.004 (0.05/12), whereas observed p-values were 0.034, 0.014, and 0.018. Simple main
effects at levels of the reproductive hormones characteristic more of the fertile than
luteal phase (one standard deviation above the mean on estradiol and testosterone, one
standard deviation below the mean on progesterone) were more impressive. Two
simple effects were significant, with p values being 0.004 and 0.006. The combination
of high estrogen and low progesterone yielded a simple main effect of donor phase on
post-exposure testosterone at p=0.001.

Naturally, we cannot say with certainty that the effects emerging in the exploratory
component of this study are robust and generalizable. We consider them provisional
and strongly suggestive – but replication is needed.

Interpretations

What explains effects of women’s fertile-phase and luteal-phase scents on women’s
responses? At least three scenarios can be envisioned.
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First, women’s responses to female scents may themselves reflect adaptation. One
must ask, why would it have been adaptive for human females to selectively prefer the
scents of fertile-phase females (or, conversely, find the scents of women during luteal
phase more aversive)? And why would they respond less aggressively following
exposure to these scents (or, conversely, more aggressively following exposure to luteal
phase scents)? One possibility is that these responses reflect female interest in other
women’s fertile status. Some studies have hypothesized that olfactory or pheromonal
cues may facilitate reproductive synchrony (Stern and McClintock 1998; Morofushi
et al. 2000; Preti et al. 1986). One possible benefit then is that women are signaled by
fertile-phase potential competitors that now is the time to reproduce. Alternatively,
synchrony may interfere with the ability of dominant males to successfully compete for
fertile-phase females, which may be advantaged in a species with male care. Evidence
for the presence of this phenomenon in humans, and whether it is mediated by
olfaction, however, is highly debated (e.g., Wilson 1992; Weller and Weller 1993;
Schank 2006).

Second, women’s responses to female scents may be byproducts of adaptations that
men possess. Men prefer women’s fertile-phase scents. Perhaps women do too, for the
same reason that, for example, men have nipples: Though not adaptive traits in a sex
themselves, these traits are expressed in the other sex due to lack of fully effective sex
limitation.

Third, women’s responses to female scents may be byproducts of adaptations that
women have with respect to men’s scents. During the fertile phase of their cycles,
women appear to find most appealing the scent of men who exhibit developmental
stability (Gangestad and Thornhill 1998; Thornhill and Gangestad 1999; Thornhill
et al. 2003), social dominance (Havlíček et al. 2005), or high levels of testosterone
(Thornhill et al., 2013; cf. Rantala et al. 2006). The biochemical correlate(s) of these
features that women respond to remains unknown, but candidates include androgens
secreted in axillary regions, including androstenol (5α-androst-16-en-3α-ol), which has
a generally pleasant, musky scent (see Gower and Ruperelia 1993, for a review).
Androstenone (5α-androst-16-en-3-one), which typically has a more pungent scent,
is produced when androstenol is oxidized (Gower and Ruperelia 1993). Both qualify as
16-androstenes. During the fertile phase, women may be more sensitive to musk-like
scents (e.g. Doty 1981; Vierling and Rock 1967; although see Amoore et al. 1977; see
also Pause et al. 1996) and find androstenone less aversive (Grammer 1993; Hummel
et al. 1991). Perhaps responses to these androgens underlie preference shifts for scents
of men with specific phenotypes (though why these scents would be associated with
male developmental stability or dominance remains unclear).

Women excrete, on average, only about one-third the levels of androstenol that men
do (e.g., Brooksbank 1962). Their concentrations of androstenol in axillary extracts,
however, have been reported to change across the ovulatory cycle, peaking during the
mid-follicular phase (Preti et al. 1987). In principle, then, concentrations could have
been greater in the fertile-phase scents compared to the luteal-phase scents used in this
study. Perhaps as byproduct of women’s adaptive preference for male androstenol,
women also find more appealing the scents of women with greater concentrations of
androstenol.

This possibility might also explain why exposure to fertile-phase scents may lead
women to react less aggressively to a potential rival in hypothetical scenarios. Benton
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(1982) exposed women to the scent of androstenol across the cycle, and found that
androstenol exposure on fertile days led to decreases in aggressive mood. Functionally,
this effect has been understood in terms of promoting affiliation in response to the scent
of male androstenol (e.g., Benton 1982). Given that there are a large number of highly-
correlated changes in hormone production across the ovulatory cycle, however, there
are a large number of possible contributors to variation in scent.

One intriguing set of results in this regard concerns the effect of donor phase on
testosterone. Again, though provisional, our findings suggest that women with high
levels of estradiol and low levels of progesterone responded to fertile-phase scents with
increases in testosterone. Might these changes be byproducts of female responses to
male scents as well, with increases facilitating mating efforts and interests specifically
when women are fertile (e.g. Bancroft et al. 1991; Bui et al. 2013; cf. Roney and
Simmons 2013)? We offer this suggestion cautiously, as moderating effects of hor-
mones require replication.

Naturally, the first two scenarios listed above cannot be ruled out. More data are
needed to establish whether hormones are robust moderators of women’s ratings of
other women’s scents, and if so if this is due to a generalized sensory enhancement or to
selective preferences for particular scents. Future research might also examine a fuller
range of women’s psychological responses to female scents (e.g., their sexual interests).
Finally, missing links in studies of both male and female responses to fertile-phase
women (or, for that matter, developmentally stable or socially dominant men) are the
chemicals that mediate these responses. Are they 16-androstenes, or something else? To
assess these mediators, future research should measure chemical extracts from shirts or
pads worn by targets and evaluated by perceivers (see also Havlíček et al. 2010).

Summary

This study is one of the first to examine women’s affective responses to other women’s
scents. We find that women, like men, prefer the scent of fertile-phase women to that of
luteal-phase women. Evidence suggests that exposure to luteal-phase scents may be
associated with greater assertiveness toward other women of reproductive ages. Effects
of exposure to these scents on women’s testosterone levels may be moderated by
women’s hormone levels at the time of exposure. Additional research is needed to
establish the robustness and appropriate adaptationist interpretation of these
phenomena.
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