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Abstract
Previous research has shown that axillar and vaginal odors from ovulating women are recognized by men, but no
research has been done exploring whether body odors signal other physical attributes of women such as waist-tohip ratio (WHR) or endocrine status. Our goal was to investigate whether testosterone increased in men after
smelling axillary odors of women with different WHR and with low or high levels of steroid hormones. We measured
men’s testosterone before and after 30 min of being exposed to fresh axillar odors collected from young women or a
neutral odor as control situation. Men had to rate the attractiveness and intensity of the scent. We compared the
response of men according to women’s WHR and salivary testosterone, estradiol and progesterone. Although the
main literature commonly reports that men judge a WHR around 0.7 to be more visually attractive, our results
showed that men rated samples of high WHR (0.75-0.84) and high estradiol women as more attractive. In addition,
men’s testosterone increased after smelling the odors of high WHR, high estradiol and high testosterone women.
High WHR women exhibited the highest testosterone and estradiol levels compared to the other WHR categories
(0.66-0.74). We concluded that scents are cues that not only signal fertility but also physical attributes related to
reproductive health.
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Introduction
In humans, there are many attractive physical and non-physical
traits that might influence mate selection, e.g., facial symmetry [1],
body shape [2], body fat [3], or body scent [4-6]. Most research has
claimed that humans, similar to other mammals, produce scents that
influence not only sexual attraction, but emotions, moods, behaviors,
and endocrine function in both sexes [7]. In humans, odor production
is primarily concentrated in the apocrine glands of the axillae and is a
process linked to the presence of microorganisms (e.g., bacteria).
Axillary glands develop around puberty, suggesting a dependence on
reproductive hormone fluctuations [8]. Glandular secretions are
composed of different fatty acids and steroids, which, in conjunction
with the metabolism of bacteria, promote strong odors. Some authors
have reported specific androgen-related steroids (i.e., 16-androstenes)
as the main component of human axillary odors of both sexes [9]. In
women, some of these components have been implicated in the
modulation of LH secretion and menstrual synchronization [10].
Different studies have indicated that men can perceive feminine
axillary odors as a potential cue to ovulation [6,11-14]. Gildersleeve et
al. [6] demonstrated that men accurately discriminated between scent
samples from women with high or low fertility and they rated high
fertility samples as more attractive than the low fertility ones. In
addition, Miller and Maner [13] found that men exposed to T-shirts
used by ovulating woman displayed higher levels of testosterone (T) 15
minutes after the exposure, than men exposed to the scent of a nonovulating woman or to a control scent. However, there has been some
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recent debate about whether this can occur, because Roney and
Simmons [15] did not support Miller and Maner’s findings.
On the other hand, Rikowski and Grammer [4] proposed that
humans use multiple signals to choose a partner in order to reduce the
probability of error when assessing mate quality, suggesting the
existence of some concordance of the information people perceive
from others. For instance, Cornwell et al. [16] described that women
prefer body odors collected from men with a high degree of body
symmetry. Both, odors and symmetry are signals conveying individual
reproductive information, indicating whether the individual is in good
health condition [17], nevertheless the perception of those signals
could be modulated by the environment and a learning process [1].
Another parameter signaling good reproductive health during human
mate selection is the waist-to-hip ratio (WHR) of women, a
measurement that compares the circumference of the waist to that of
the hips [2]. According to Singh [18] in women of reproductive age, a
gynoid body fat distribution is a reliable indicator of their sex
hormone profile, greater success in pregnancy and less risk for major
diseases [19-21]. As demonstrated by an extensive literature, men
judge a WHR of around 0.7 to be the most appealing shape
[1,18,22,23]. In addition, higher WHR (>0.80) has been considered an
index of upper body obesity and abdominal fat accumulation;
therefore, women in this condition are more susceptible to major
diseases such as diabetes, cardiovascular disorders and ovarian cancers
than women with a WHR between 0.7 and 0.79 [2,20,24]. Singh [2,23]
has indicated that the distribution of body fat, as measured by waist
and hip circumference, rather than the overall body fat mass, is
correlated with the onset of pubertal endocrinological activity and is a
more accurate predictor of many diseases and sex hormones
disturbances. Based on this information, we hypothesized that body
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shape, measured by WHR could be related to the attractiveness of
women odors. The existing literature about the reactions of men to
feminine scents implies that masculine testosterone could be
influenced by the changes of odors during the menstrual cycle [13,14],
although Roney and Simmons [15] claimed the contrary. In addition,
it is possible that women differ in the degree of odor secretion
according to their endocrine state or body fat distribution.
The purpose of this research was to determine whether testosterone
levels change in men after smelling freshly collected axillary scents of
women but analyzing the influence of the donor’s hormonal
concentrations and WHR, as we previously analyzed the cycle phase
[14]. According to the aforementioned evidence, we expected an
increase in the concentration of testosterone in men when: 1) axillary
odors came from women with a WHR around 0.7; 2) axillary odors
came from women with the highest hormonal concentrations:
estradiol (E) and progesterone (P) but not testosterone (T) because fat
accumulation in the abdominal region is inhibited by estrogens, but
stimulated by testosterone [18,23,24]. In addition, we expected that
men rated as more attractive the odors of women with a WHR around
0.7 or with the highest hormonal concentration.

Methods
Participants
We recruited heterosexual undergraduate students. All the
participants were paid $15 U.S.D for their collaboration. We discarded
the following samples: two males who recognized to be homosexuals,
one male whose saliva sample was contaminated with blood, one male
whose sample was contaminated with nicotine, one of a depressed
man and one of a man because who at the end of the experiment
recognized having hormonal situations. In total, there were 115 men
participants (age: mean ± SD=23.04 ± 5.5). We designed a
standardized interview with women and considered them eligible if: 1)
they did not take oral contraceptives or any medication 2) menstrual
bleeding occurred every 28-30 days during the last six months 3) they
had not received any hormone replacement therapy, 4) they were free
of chronic or acute diseases, or any anovulatory symptoms.
Forty-five young women (age: mean ± SD=22 ± 2.8 years) were
carefully informed about the purpose of the study and signed a
consent form. Men were told they were to participate in an olfactory
perception test, in order to avoid a predisposition to search for
particular scents; but upon finishing the experiment all the
participants were informed what they smelled and the purpose for it.
After that, no one disagreed to have their hormones measured.

Collection of women body secretion, saliva samples and
WHR
The procedure of the axillary secretion collection was described in
Cerda-Molina et al. [14]. We asked women to wear a sterilized cotton
pad under both armpits (taped with Micropore TM tape) before they
went to bed and after washing the axillary zone with a neutral soap.
We instructed volunteers to wear the cotton pad without using any
kind of scent (deodorant or perfume) during a whole night and to
refrain from engaging in sexual activities with another person the
night they had to use the pad. The following morning, the women
placed the pads in sterilized plastic containers and delivered them to
the laboratory (around 8.00-11.00 h). In the lab women provided a
saliva sample (6 ml), they were weighted and had their hips and waists
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circumferences measured. Immediately after being brought to the
laboratory, the cotton pad samples were placed on a covered plastic
container connected to an air pump (see below). Male volunteers,
chosen at random, were instructed to participate in the test on the days
when women brought samples; therefore, they smelled freshly
collected material.
Women wore the cotton pads on two different days: one around
mid-cycle (when steroid hormones are high) and the other around late
luteal phase (when steroid hormones are low); as we did not use any
vehicle to dissolve the body secretions, air was used as control
situation. Based on previous research, we assumed that ovulation
occurs on average 14 days prior to the onset of menstruation [25]. To
minimize the variance of the cycle phase duration and of hormone
concentrations, we asked all women to start the collection of samples
at approximately the 12th-14th days (around ovulation) and 26th -28th
days (late luteal phase) of their menstrual cycle, counting forward
from the first day of menstruation. We weren’t able to corroborate
ovulation by means of serum hormone levels, but we obtained saliva
samples every time a woman brought cotton pads to the lab. We
calculated the waist-to-hip ratio (WHR) by dividing waist
circumference/hip circumference in cm [24]. This body measurement
was taken by a professional anthropologist, in order to avoid errors.
Based on the mean and median value of the WHR of the 41 women
(mean and median=0.74), we decided to create two categories of
WHR: 0.66-0.74 (n=19) and 0.75-0.84 (n=22), this means that
minimum-maximum WHR values were 0.66 and 0.84.

Experimental procedure
All the experiments were performed in two clean, ambienttemperature rooms. Each male participated only once because almost
all preferred not to participate again. Every woman participated more
than once in different consecutive cycles, and they donated a saliva
sample every time they brought axillary samples. All the experiments
were done around 9:00 and 14:00 h in order to avoid diurnal variations
of hormones. On the day a woman attended the lab to gather the
cotton pad, men were contacted and asked to present to the lab; they
were also instructed not to have sexual relations for 24 h before
presenting to the experiment. After explaining the purpose of the
experiment, a male experimenter took the volunteers to the
experimental room. The subjects answered a general information
questionnaire: age, sexual orientation and use of any medication.
We used a double-blind experimental design where participants did
not know what they smelled and male experimenters (who attended
male volunteers) were unaware of the odor condition being tested.
Volunteers were asked to provide one saliva sample (6 ml, pre-smell
sample) at the time when they answered the questionnaire. They were
then left alone to start the procedure, as all the steps were explained on
the instruction sheets. We used a nebulizer air pump and a surgical
face mask to deliver the odor. The body scent was placed on a covered
plastic container connected to the air pump. Participants were
instructed to use the mask and to turn on the pump according to the
following pattern: on for 5 seconds and off for 10 seconds, 10
consecutive times. After sniffing the compounds, the subjects had to
evaluate the odor according to intensity and attractiveness on a 0-6
point scale, with 1 corresponding to not at all and 6 corresponding to
very strongly. Next, volunteers had to collect the second saliva sample
30 minutes after sniffing the body odors (they were provided with a
chronometer). During this time, men watched a BBC video about
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ocean life, a commonly used technique due to its sexually neutral
content [26].

Saliva hormone assays
Immediately after finishing the experimental procedure, saliva
samples were frozen using acetone and dry ice, maintained at -70°C
during two weeks and freed from mucopolysaccarides by three
subsequent freeze-thaw cycles and centrifugation (3000 rpm x 30
min). We measured total testosterone (using chemiluminescence in
the IMMULITE® 1000 Siemens counter). Chemiluminescence requires
the addition of 500 microliters of standards, control and samples and 1
ml of tracer. The lower limit of sensitivity was 0.15 ng/dl. The
interassay coefficient was 8.95% and the intraassay coefficient 8.02%.
For estradiol and progesterone, we used solid-phase Coat-A-Count
125 I radioimmunoassays (DPC, Los Angeles, CA) in duplicate, after
mixing, 3 hours incubation, and decanting. We diluted the hormone
standards as follows: estradiol was diluted 1:30 and progesterone 1:10
by using 4% albumin buffer at a 7.2 pH. The lower limit of sensitivity
for each hormone was 0.40 pg/ml for E and 0.093 ng/ml for P.
Interassay and intraassay values for E were 7.84% and 7.01%, and
8.01% and 7.56% for P, respectively. The mean (±s.e.m.) of hormones
during the ovulatory period were: estradiol, 35.08 ± 2.22 pg/ml;
progesterone, 2.157 ± 0.11 ng/ml; testosterone, 1.04 ± 0.0170 ng/dl.
The mean during the late luteal (±s.e.m.): estradiol, 3.903 ± 1.61;
progesterone, 0.25 ± 0.006; testosterone, 0.68 ± 0.01.

Ethical note
The Bioethics Committee of the Institution approved this research.
We followed the Declaration of Helsinki for human research. All
participants signed a consent form and were assigned a code number
in order to preserve confidentiality.

Results
Changes in men’s T according to WHR
The interaction time x WHR showed significant differences
(F1,109=3.60, P=0.018, observed power=0.769). Post hoc comparisons
(pre-smell vs. post-smell T) indicated that neither air (control
situation) nor the odors of women with WHR of 0.66-0.74 promoted
changes in T concentration. On the contrary, T increased in those men
who perceived odors from women with a WHR of 0.75-0.84 (P=0.034).
These results are represented in Figure 1.

Statistics
The analysis of testosterone concentration in men showed that the
values were normally distributed (Kolmogorov-Smirnov Z=0.364,
N=130, P=0.456), but scores of the odors were not (Intensity Z=1.426,
N=78, P=0.034; Attractiveness Z=2.024, N=78, P=0.001), hence we
standardized the data by transforming rates into z-scores.
Female hormone concentrations were assigned to the low or the
high categories based on descriptive analysis; we considered as high all
concentrations up to the median value, and as low all values below the
median. We performed a Generalized Estimating Equations analysis
(SPSS version 17) followed by Bonferroni post hoc contrast to
compare the ratings of odor perception. The subject variables were
men volunteers and women the within-subject variable (repeated
variable); hormone levels (high or low) and WHR categories were used
as predictors. The scores of attractiveness and intensity of the odor
were the dependent variables.
The changes of testosterone in men before and after smelling a
female odor were analyzed using factorial repeated-measures
ANOVAs. The within-subject factor was T concentration in men
before and after smelling the female odor (variable named Time). The
between-subjects factors were the stimulation sessions: control air,
high or low steroid hormone sample, and WHR categories. We
compared pre-smell vs. post-smell concentrations of testosterone by
means of a paired sample T test. We included the statistical observed
power. We performed a one way ANOVA analyzes to search for
differences in estradiol and testosterone that depended on the waist to
hip ratio categories. Finally, in order to study the correlation between
WHR and hormone levels, we performed Bivariate Partial correlations
controlling for the effect of the cycle phase. All data are reported as
means (± s.e.m.). Significance in all cases was set at P ≤ 0.05.
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Figure 1: Mean ± s.e.m. of salivary testosterone levels in men before
(pre-smell) and after 30 min (post-smell) of being exposed to
axillary odors from young women with different WHR categories.
*P=0.034 vs. pre-smell condition. T increased after smelling the
odor of women with 0.75-0.84 WHR.

Changes in men’s T according to women’s hormone
concentration
Statistical analysis revealed two significant interactions: time x
testosterone (F2, 104=5.09, P=0.027, observed power=0.604) and time
x estradiol (F2,104=3.70, P=0.03, observed power=0.655). The
interaction time x progesterone was not significant (F2, 104=2.878,
P=0.098, observed power=0.380). Figure 2 indicates that after
exposure to high T women odors, T concentration increased in men
(compared to the pre-smell concentration P=0.01). Samples of low T
women and control air did not promote changes in men’s T (P=0.876
and P=0.674, respectively). The same Figure 2 shows that after
exposure to high E women odors, T concentration increased in men
(compared to the pre-smell concentration P=0.008). Samples of low E
women did not promote changes in men’s T (P=0.2).
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more attractive the odors of women with high levels of estradiol
compared to low levels (0.49 ± 0.25 vs. -0.21 ± 0.2), but not those of
women with high levels of testosterone or progesterone (E: Wald Chisquare=4.76, d.f.=1, P=0.029; T: Wald Chi-square=0.15, d.f.=1, P=0.69;
P: Wald Chi-square=2.1, d.f.=1, P=0.14).

Discussion

Figure 2: Mean ± s.e.m. of salivary testosterone levels in men before
(pre-smell) and after 30 min (post-smell) of being exposed to
axillary odors from women with high or low testosterone (T) and
high or low Estradiol (E). High T women: * P=0.01 vs. pre-smell
condition. High E women: **P=0.008 vs. pre-smell condition.

WHR and hormone concentrations
We found that estradiol and testosterone were significantly
different according to WHR (Estradiol: F=7.27, d.f.=1, 80, P=009;
Testosterone F=6.242, d.f.=1, 83, P=0.01). Post hoc contrast indicated
that both steroid hormones were highest in women in the 0.75-0.84
WHR category compared to those in the 0.66-0.74 category. As Figure
3 shows, testosterone and estradiol were correlated, when controlling
for the effect of the cycle phase (T: r= 0.607, n=83, P<0.001; E: r=0.342,
N=80, P=0.002).

Figure 3: Salivary estradiol and testosterone of 41 women according
to their WHR category

Ratings of odor perception
The reliability (Cronbach’s alpha) of the odor perception ratings
was 0.69. The intensity rating did not change according to WHR
(Wald Chi-square=3.112, d.f.=1, P=0.211), but attractiveness did
(Wald Chi-square=5.727, d.f.=1, P=0.05). Men rated as more attractive
the odors from women in the WHR category of 0.75-0.84 compared to
those in the 0.66-0.74 category (0.16 ± 0.05 vs. -0.32 ± 0.02). Men did
not judge the odors as more intense according to hormonal levels (E:
Wald Chi-square=0.14, d.f.=1, P=0.7; T: Wald Chi-square=0.25, d.f.=1,
P=0.61; P: Wald Chi-square=0.8, d.f.=1, P=0.9). Men described as
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We presented evidence that axillary odors from women with
different WHR and hormone levels influence men’s testosterone. We
found a significant increase in men’s T after smelling the odors of
women with WHR of more than 0.75 and high testosterone and
estradiol concentrations. Women odors with the highest concentration
of estradiol and those within the WHR category of 0.75-0.84 were
rated by men as the most attractive. These findings indicate that
hormone concentrations and body shape are factors that play a role in
the secretion of women odors. However, these results contradict our
prediction that odors from women of around 0.7 WHR would
promote changes in men’s testosterone, because most literature
suggests that men find a female of 0.7 the most visually attractive
[2,23,27,28]. However, most of the reports about rating of WHR have
been based on modified pictures, models or play boy models, but not
on real women; in fact some authors have pointed out that WHR
preferences may depend on ethnic, racial, geographical and ecological
parameters [29,30]. For instance, Westman and Marlowe [29] studied
a population of Hadza men in Tanzania and found that men chose
women with higher WHRs (>0.8) as more attractive. The authors
suggested that physical attractiveness elements could vary with life
conditions, because women in that population do not have a real risk
of obesity. Marlowe et al. [30] replicated the study of Hadza
preferences but using both frontal and buttocks pictures, and they
described the similar preferences (WHRs >0.8 as attractive). The same
authors remarked the importance of geographical and ethnical
variations in body shape when studying evaluations of attractiveness.
Similarly, Rozmus-Wrzesinska and Pawlowski [31] argue about the
importance of WHR preferences in societies with better life
conditions. The authors suggested that, in western societies, a low
WHR can be valuable for a low fertility-rate population (e.g., one
child), but those Latin American countries with a higher fertility rate
(e.g., 6 children) and less quality of life should prefer a high WHR in
order to secure reproductive success. We reported a mean WHR of
0.74 (range 0.66-0.84), a value similar to other studies of WHR in
young Latin American students, 0.73 (range 0.65-0.86) [32,33] and
Poland women, 0.73 (range 0.64-0.86); see Marlowe et al., [30] to
appreciate a complete comparison of population data. Then, the fat
deposits storage on hip and waist might be adaptive as energy reserves
when the life in a harsh environment, in which nutritional constraints
during pregnancy and lactation are considerable [34].
In this research, we selected those women who reported to have had
regular cycles during the last six months (28-30 days) before the
experiment, and discarded the women who reported irregular
menstruations. It is important to note that selecting regularly cycling
women forced us to reduce our sample size.
On the other hand, we found that WHR was correlated with
estradiol and testosterone, regardless of the cycle phase. Although
some authors have pointed out that fat accumulation in the abdominal
region is inhibited by estrogens and stimulated by testosterone [18,24],
some other authors have described a different relationship. Kirschner
et al. [35] found that the production rates of testosterone,
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dihydrotestosterone and androstenedione in upper body obese women
with WHR >0.85 was higher than in lower body obese women with
WHR <0.75. In addition, the increased production of testosterone
raised the aromatization of androgens to estrogens, because women
with upper body obesity (WHR >0.85) had higher estradiol levels.
Our findings were similar to that described by Kirschner et al. [35]
and indicated that women with WHR >0.75 had higher T and E
salivary concentrations than women with WHR <0.75. The elevated
hormone concentration could indirectly contribute to the synthesis of
some kind of chemosignal in the apocrine glands of the armpits as we
found that the rise of T in men depended on women’s testosterone and
estradiol levels. Some authors have suggested that specific
reproductive processes could be mediated by the olfactory perception
of androgens and estradiol metabolites (e.g., androstenol and
estratetraenol [26,36-38]. Preti et al. [39] described cyclic variations of
axillary 3α-androstenol in women and found the highest
concentrations prior to ovulation. On the other hand, Shinohara et al.
[36], showed that menstrual synchrony among women, is the result of
the 3α-androstenol capacity to regulate LH secretion after its olfactory
perception. If our findings are the result of the perception of an
androgen or estrogen compound, then we might assume that female
odors could stimulate LH secretion in men, and consequently T
secretion. These chemical compounds could be related to the function
of signal ovulation, as we collected cotton pads on two different times,
one around ovulation and the other few days before menstruation in
order to have high and low hormonal concentrations. We did not
analyzed cycle phase in this study, as we previously reported this effect
[14]; but we performed correlation of WHR with hormones,
controlling for cycle phase’s effects.
In general, our results indicate that men are able to perceive axillary
odors of >0.75 WHR women with the highest levels of E and T, and in
response to that odors, increase T concentration. We found support to
the hypothesis that odors convey some information about women’s
physical attractiveness and endocrine condition; therefore we
concluded that although humans rely mostly on vision, olfactory
information plays an important role in the mate selection process.
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