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Abstract

Research has demonstrated that increases in testosterone (T) concentration can affect the expression of behaviours and
preferences that are typical of high mating effort. However, little research has considered whether such T increases affect
mating strategy more generally and whether this is achievable using a physical intervention. In this pilot study, we examined
whether exercise-induced changes in T covary with, or predict, changes in male mating strategy. Healthy young men (N=94)
completed a measure of short- and long-term relationship preference, before and after a series of short cycling sprints. Salivary
T was measured pre- and post-exercise, along with salivary cortisol (C), which is known to moderate some behavioural effects
of T. A significant group-level increase in T was observed, though this was smaller than anticipated (~ 10%, d=0.27) with
substantial intragroup variation. No group-level change in C or mating preferences emerged. Testosterone change did not
significantly predict a change in short- or long-term mating preference from baseline, even with inclusion of C change as a
moderator. The current findings suggest that modest exercise-induced increases in T concentration have little impact on male
mating strategies. Pharmaceutical interventions, which produce larger and more consistent T increases, may be required to
observe mating strategy change.
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Introduction behaviours and desires typical of a short-term reproductive

strategy. For example, some studies have reported a decline

A large body of evidence suggests that testosterone (T)
mediates the expression of mating effort in humans and
other species (Gray et al. 2020). Testosterone fluctuates
in response to evolutionary salient social cues (e.g.,
interacting with mates, competitors, and offspring; Zilioli
and Bird 2017), and this T reactivity is moderated by many
situational and personal factors. Additionally, a wealth
of indirect evidence has linked T to the expression of
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in men’s baseline T as they become pair-bonded and start a
family (Gray et al. 2006; Grebe et al. 2019b), while others
report positive relationships between acute T changes and
preferences for facial femininity, aggression, and sexual
displays (Bird et al. 2016; Kilduff et al. 2013; Ronay and
von Hippel 2010).

A recent trend in evolutionary psychology has seen a
shift of focus from examining the impact of evolutionarily
relevant cues on mate preferences, perhaps within a
specific mating context, to mating strategy activation itself
(e.g., preference for short-term over long-term mating;
Al-Shawaf et al. 2019; Arnocky et al. 2016; Thomas and
Stewart-Williams 2018). This research is important because
general strategy change may be an antecedent to the specific
changes in mating preferences observed in previous studies,
which are often more typical of one mating strategy over the
other. However, to date, no study has investigated whether
T concentrations covary with, or predict, general mating
strategy.
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A common method used to examine how circulating
T rapidly affects behaviour is T administration, typically
a single dose via a nasal spray or transdermal gel. This
approach can elevate T in neutral contexts that would not
normally generate a hormonal response. Such research has
revealed positive associations between T and impulsive
decision making, risk taking, empathy, and aggression
(Nave et al. 2018; Nave et al. 2017; for a review, see Zilioli
and Bird 2017) and, in the domain of mate preferences,
enhanced male preference for facial femininity within
short-term, but not long-term, mating contexts (Bird et al.
2016). However, T administration studies can be ethically
problematic and restrictive for populations where T is
considered a controlled substance. Physical exercise offers
an alternative way to enhance T release. Sprint-type exercise,
for instance, can elevate T by up to 25% in healthy, untrained
men (Crewther et al. 2014). This rise is smaller than that
caused by pharmacological interventions but is less ethically
problematic and provides greater ecological validity. We
see no special adaptive relationship between exercise and
mating. Rather, it is a means of generating an acute T rise
and observing the subsequent impact on mating strategy.

In this pilot study, we evaluated whether sprint exercise-
induced changes in T concentrations can predict state
preference for short-term and long-term mating. We
examined these preferences separately in light of recent
evidence that mating strategies appear to be activated
independently (Thomas and Stewart-Williams 2018), and
expected T to covary with short-term interest rather than
long-term interest, due to the clear links between T and
mating effort in the extant literature (Gray et al. 2020).
There is evidence that the behavioural effects of T are
moderated by cortisol (C) availability (Mehta and Josephs
2010; Grebe et al. 2019a) such that a stronger link occurs at
a low, rather than a high, C concentration (e.g., dual-hormone
hypothesis). Thus, both T and C were measured in this work.
Our hypotheses were that increases in T concentration would
be positively associated with short-term, but not long-term,
relationship preferences (H1) and that these effects would be
strongest at a low C level, compared with a high C level (H2).

Method
Participants

Ninety-six heterosexual men (M,,.=21.3, SD=1.80) of
Polish nationality were recruited from a university population
through advertising on social media (e.g., Facebook groups),
personal communications, and oral invitations during classes.
The participants were students involved in physical activity
courses and thus, were considered healthy and physically fit
with an average body mass index (BMI) of 23.96 (SD=2.85).

All men volunteered to participate without compensation,
and they provided written informed consent. Ethical approval
was granted by the Ethics Committee at the Institute of
Psychology, University of Wroclaw. The hormonal data in
this study are part of a published dataset (Kowal et al. 2020),
but here we present different aims and dependent variables
to prevent any replication of results.

Materials and Procedure
Study Design

The study cohort was assessed using a single-group, pre-
to post-test design. Individual testing was completed in
60-70 min, and all assessments were conducted within a
4-h window (07:00-11:00) with an average start time of
08:42 (SD=00:40). To account for the early morning C
surge, all participants were required to be awake for at least
60 min before their scheduled test, resulting in the first saliva
collection at least 75 min (but generally 90—180 min) from
waking. After providing informed consent and completing
demographic forms, participants had their relationship
preferences measured (see below). Next, a saliva sample
was taken before completing a 5 min warm-up (60 rpm
with a 2-kg resistance) on a Monark 894E cycle ergometer
(Sweden). The exercise intervention involved a series of
maximal cycling sprints (5 X 10 s trials) with a resistance
set at 7.5% of each participant’s body weight (Crewther et al.
2014, 2017). Each trial was followed by 50 s of recovery
(slow cycling at 60 rpm with no resistance). Heart rate (HR)
was recorded at baseline and during the sprint task, as a
measure of physiological activity, a potential covariate given
the impact of physical exercise on multiple physiological
systems. A second saliva sample was taken 12 min after
exercise, after which relationship preferences were measured
for a second time.

Measuring Mating Strategy

A modified version of the ‘Snog, Marry, Avoid’ (SMA) task
was used to measure relationship preferences. The SMA task
was designed to capture within-person change in mating
strategy within the same experimental session and has
proven sensitive enough to capture change in relationship
preferences after brief experimental interventions (Thomas
and Stewart-Williams 2018). Participants began by viewing
pictures of women, individually and in a random order, on
a computer screen. For each picture, they indicated whether
they found the person attractive using ‘Yes’ or ‘No’ buttons.
There were 200 pictures in the database, sourced from the
public domain, though the selection task terminated once
an individual picked 50 women they found attractive. These
pictures were randomly divided into two sets of 25 (1 set
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Table 1 A pre-post comparison
of the hormonal, physiological,

Pre-exercise

Post-exercise

and mate preference measures M SD M SD t p d

used in the study
Testosterone (pg/ml) 133.7 55.1 146.1 58.2 2.65 0.01 0.27
Cortisol (ng/ml) 8.10 1.70 791 1.83 -1.39 0.17 -0.14
Heart Rate (bpm) 68.4 9.58 166.0 12.2 69.5 <0.01 7.10
Short-term mating interest 4.60 1.31 4.54 1.35 —-0.71 0.48 - 0.07
Long-term mating interest 4.06 1.08 3.99 1.18 -0.97 0.34 —0.10
Attractiveness ratings 5.15 0.89 5.06 1.04 - 1.47 0.14 -0.15

each for pre- and post-exercise). At baseline, the participants
revisited the first set of pictures and were asked to indicate
how interested they were in a long-term (LT) and short-term
(ST) relationship with each (both anchored from 1—~Not
at all interested to 7—Very interested). Participants also
indicated how attractive they found the person (from 1—Not
at all to 7—Very much so). To account for the effects of
unfamiliarity and current relationship status, they were asked
to imagine that they were single, open to a new relationship,
and had met each women once or twice through friends
when responding to the questions. This version of the SMA
task deviated from the original in two ways. First, it allowed
participants to pick photographs for themselves rather than
from a pre-assembled set. Second, they responded on a scale
rather than by forced choice. Pilot work revealed that these
modifications had little impact on instrument sensitivity to
preference change.

Hormone Analyses

Saliva samples (~ 2 mL) were collected in sterile containers
using a passive drool technique. To avoid contamination,
the participants were required to avoid eating, drinking
(except water), or smoking for 2 h before sampling.
Samples were stored at —17 °C and assayed within a
week. After thawing and centrifugation, the samples were
assayed in duplicate using enzyme-linked immunoassay
kits (DEMEDITEC). The T kits had a lower sensitivity of
2.2 pg/mL, an intra-assay CV of < 9.7%, and an inter-assay
CV 0of < 9.9%. For the C kits, the corresponding values
were 0.014 ng/mL, < 6.8%, and < 9.4%, respectively.

Statistical Analyses

To assess the impact of sprint exercise on each variable,
we evaluated the pre- to post-exercise changes in T, C,
ST, and LT preferences using paired ¢ tests. Both T and C
were log-10 transformed before analysis to approximate
normality and reduce non-uniformity bias, though untrans-
formed means are reported to aid interpretation. Cohen’s
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d is reported as an effect size statistic. To evaluate the
hormonal influence on state relationship preferences, we
employed a 3-step hierarchical regression procedure with
ST and LT preference changes entered as dependent vari-
ables in separate models. In Step 1, we entered age, BMI,
and HR change into the model as covariates, before add-
ing the T and C changes in Step 2, and the T change X C
change interaction in Step 3. The model residuals met all
assumptions of normality. Statistical significance was set
at an alpha level of 0.05.

Results

The cycle sprint intervention led to a marked increase in
HR and a modest increase in T, both statistically signif-
icant, but no change in C concentration (Table 1). Two
participants who completed the exercise intervention were
unable to find 50 women that they found attractive from the
database at the start of the SMA task, and so were excluded
from further analysis. The final sample of 94 men showed
reasonable interest in both short-term (M =4.60, SD=1.31)
and long-term relationships (M =4.06, SD =1.08), though
they had a clear preference for the former over the latter
(#(93)=3.95, p<0.001, d=0.41). No consistent change in
relationship preferences were observed after exercise, and
the attractiveness judgements of the two sets of women
used in the SMA task were similar.

The regression models are shown in Table 2. After con-
trolling for variables in Step 1, neither the T change nor
its interaction with C were significant predictors of state
short-term relationship preference. There was a marginal
effect of C change in Step 2 (p =0.05), such that short-
term mating interest decreased as C increased. Regarding
state long-term preference, we found no significant effects
of any hormonal predictor in Steps 1 and 2. Sensitivity
analyses were performed (on both outcomes) by repeat-
ing Step 3 without covariates; only the hormonal variables
were entered in a single step (Step 4). This approach did
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Table 2 Regression models predicting pre- to post-exercise change in short-term and long-term relationship interest from corresponding changes

in testosterone and cortisol

Change in short-term interest

Change in long-term interest

B SE p B SE p
Step 1
Age 0.12 0.08 0.13 0.05 0.08 0.55
BMI 0.03 0.08 0.70 0.10 0.08 0.21
AHR 0.01 0.07 0.89 -0.03 0.07 0.73
Model: F(3,90)=1.015, p=0.39, R*=0.03 F(3,90)=0.904, p=0.44, R>=0.03
Step 2
Age 0.13 0.08 0.09 0.05 0.08 0.54
BMI 0.04 0.08 0.60 0.09 0.08 0.25
AHR 0.04 0.08 0.57 -0.01 0.08 0.92
AT 0.09 0.08 0.26 —-0.05 0.08 0.49
AC -0.16 0.08 0.05 —-0.04 0.08 0.61
Model: F(5,88)=1.502, p=0.20, R>=0.08 F(5,88)=0.742, p=0.59, R>=0.04
Step 3
Age 0.13 0.08 0.11 0.06 0.08 0.47
BMI 0.04 0.08 0.61 0.09 0.08 0.24
AHR 0.05 0.08 0.53 —-0.02 0.08 0.81
AT 0.09 0.08 0.25 —-0.06 0.08 0.45
AC —-0.15 0.09  0.09 - 0.07 0.08 0.44
ATXAC 0.03 0.06  0.64 —-0.05 006 038
Model: F(6,87)=1.276, p=0.28, R*=0.08 F(6,87)=0.747, p=0.61, R*=0.05
Step 4
AT 0.08 0.08 0.32 —-0.08 0.08 0.33
AC -0.12 0.08 0.17 —-0.05 0.08 0.52
ATXAC 0.04 0.06  0.52 —-0.04 0.06 049
Model: F(3,90)=1.775, p=0.14, R>=0.07 F(3,90)=0.628, p=0.60, R=0.02

BMI body mass index, C cortisol, HR heart rate, T testosterone

not reveal any significant effects. All models tested were
non-significant (p > 0.14) and weak, explaining no more
than 8% of the outcome variance.!

Discussion

This short report documents the first attempt to investigate,
experimentally via an exercise intervention, the interplay
between acute T dynamics and general mating strategies
among men. Contrary to our hypotheses, neither the T
change nor its interaction with C predicted state mating
preference, which was generally stable before and
after exercise testing. This stability is unlikely to be a
measurement artefact, as similar measures have proven

! Because T and C levels show diurnal variation, we repeated each
model with study start time included as a covariate (n=78). No quali-
tative changes were observed.

sensitivity to track subtle changes in mating strategy
following brief priming interventions (Thomas and Stewart-
Williams 2018).

The sprint exercise intervention increased T by around
10%. This was a modest T rise, much smaller than
anticipated based on the 25% increase observed previously
among healthy untrained men (Crewther et al. 2014) and
much smaller than the 1300%+ increases seen in some
single-dose T administration studies (e.g., Nave et al. 2018).
However, supraphysiological levels of T concentration are
not necessary to observe T effects on mating behaviour.
Bird et al. (2016), for example, found that a 52% increase
in T was enough to increase preference for facial femininity
in short-term, relative to long-term, mating contexts by
8%—a medium sized effect (d=0.49). The present study
also highlighted the presence of large intragroup variation
in T reactivity, ranging from a 51% decline up to a 187%
increase. Therefore, we suggest that interventions producing
larger and more consistent T increases, like those elicited by
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pharmacological interventions, may be required to produce
detectable changes in mating strategy.

The inability of exercise to promote covarying responses
does not necessarily preclude a predictive role for T, but
it does limit any casual claims. Nevertheless, we found
no evidence that acute T changes are related to mating
preferences, at least within the current format. This work
focused on a sample of men for both practical (i.e., cost)
and theoretical reasons (i.e., the inconsistent relationship
between T and mating-related behaviour in women; Carré
et al. 2013; Kuepper et al. 2010; Rejeski et al. 1990). Future
investigations could compare both men and women to
allow sex differences to be examined rather than inferred
(Stewart-Williams and Thomas 2013), particularly as women
often exhibit similar T responses to men, expressed as a
percentage from baseline, but at a lower T concentrations
(Crewther et al. 2016). A more robust design, coupled
with measures of individuality and personality, would also
allow us to consider potential moderating factors, such as
relationship status and context (e.g., the presence/absence
of female confederates).

This pilot study is limited by other methodological
factors, namely, the pre- and post-test design, use of a
stimulus likely to elicit other physiological responses, and
the lack of a control group. The testing of participants in the
morning might also explain our inability to induce a larger
T rise and the lack of a C response, as higher C levels at
the start of the day may have led to a ceiling effect during
exercise. However, controlling for time of day did not affect
any outcome, nor did it predict the exercise-induced changes
in T or C. Study replication (in the afternoon) might provide
some novel insight around diurnal variability and its role in
regulating both hormones and mate-choice behaviours, and
response flexibility following brief exposure to an ecological
stimulus. Because studies which investigate how hormones
affect human behaviour are often underpowered (e.g.,
Geniole et al. 2019; Thomas et al. 2021), such replications
would benefit from larger samples, providing enough power
to detect small effects.

In summary, a brief bout of sprint exercise caused a
modest increase in T concentration, but this change did not
covary, or predict, state desire for short-term and long-term
mating. Consideration of C change, as a moderating factor,
did not modify our predictions. Larger and more consistent
increases in T, such as those afforded by pharmacological
interventions, may be required to initiate strategy change.
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