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ABSTRACT

Testosterone and cortisol have contrasting anabolic and catabolic effects on the
musculoskeletal system and altering effects on metabolism and psychological behavior. A
literature review was undertaken as part of this thesis to synthesize current research on
these hormones' production, regulation, and effects. Testosterone is a potent, naturally
secreted androgenic anabolic hormone essential for muscle growth through protein
synthesis, inhibiting muscular breakdown, altering muscular strength, metabolic regulation,
and behavioral modulation through altered motivation and risk-taking. Cortisol is essential
for producing energy due to a stress response from hypoglycemia, exercise, or a fight-or-
flight response, and is also essential in the process of muscular hypertrophy. It is also a
modulator of status-relevant behavior due to the dual-hormone hypothesis with
testosterone. This hypothesis states that the relationship between these two hormones is
cyclical, with either hormone inhibiting the others’ effects when their concentration levels are
high; for strength and conditioning coaches, understanding these hormones is critical for

effective training programming.

The potentiation of testosterone through methods such as listening to music or performing
physical movements prior to undertaking an athletic endeavor is known as priming.
Potentially, when an individual is primed, their performance level could improve due to
higher levels of motivation and risk-taking. However, a protocol to achieve this potentiation
similar to a physical warm-up protocol is lacking. Therefore, a systematic review and meta-
analysis were completed as part of this thesis to examine the current body of literature
pertaining to the priming of testosterone before undertaking a physical performance test.
Findings showed that testosterone could be primed, which subsequently improved physical

performance markers.

Five peer-reviewed articles with 147 subjects met the inclusion criteria relating to
testosterone priming in the defined sporting context. The findings of this systematic review
and meta-analysis indicate that the viewing of a positive video clip in the presence of a
smaller stranger significantly (p < 0.05) raises testosterone by 50% (g = 2.90, 95%
confidence intervals (Cl) 2.56, 3.23), a bigger stranger by 21% (g = 1.00, 95% CI1 0.75, 1.25),
a bigger friend by 20% (g = 1.10 95% CI 0.85, 1.35), and a smaller friend by 8% (g = 0.49,
95% CI10.26, 0.73). Similar was found when viewing alone a positive video clip by 11% (g =

0.88, 95% CI 0.64, 1.12) or a successful short video clip by 12% (g = 0.87, 95% CI 0.62,
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1.11) and being in the presence an attractive female observer by 39% (g = 0.67, 95% CI
0.61, 0.72). Finally, increased testosterone improved performance makers in skateboard
tricks, rugby performance, a three-repetition maximum back squat (3RM), and bench press.
On the contrary, aggressive video clips gave mixed results: testosterone rose by 10% (g =
0.67,95% Cl1 0.43, 0.90) prior to performing a 3RM squat, with only a trivial finding of 1% (g
= 0.03, 95% CI -0.20, 0.26) in men and -10% (g = -0.36, 95% CI -0.56, -0.16) in women
before measuring hand grip strength and countermovement jump (CMJ) height. Additionally,
the results highlighted a need for more literature regarding testosterone priming. Most
primers implemented were video clips, with only one other stimulus recorded in this review,
which was the presence of a female observer. Therefore, a wide range of priming techniques

and subjects are required to add to the limited data already collected.

Due to the small number of studies found, the aim of Study 1 was to examine the frequency
and modes of psychological priming techniques and strategies currently being implemented
by athletes of various performance levels. A 15-question, anonymous survey was developed
and shared via social media. Ninety subjects met the inclusion criteria, which were made up
of 11 professional, 17 semi-professional, and 54 amateur-level athletes, with seven not
competing. Priming strategies were implemented by 79% of subjects without using a coach,
10% used strategies with their coach, and 11% did not prime. For athletes, music was the
preferred choice (27%), followed by instructional self-talk (24%), motivational self-talk
(23%), applied physical actions (20%), and watching video clips (6.3%). For athletes that
implemented a priming strategy via a coach, their preferred technique was motivational
statements, with 55% implementing this technique, followed by 27% utilizing inspiring team
talks, and only 18% playing music. Of those implementing a priming strategy, 66% found
them to be either “very” or “extremely effective.” 38% of subjects felt priming accomplished
this through increased motivation, 22% felt it reduced their fear and anxiety, 21% thought it
improved their intensity, 15% felt it increased strength and power, and 2% thought it
improved endurance. The chi-square test also found a significant (¢oc = 0.27; p = 0.011)
relationship with using priming to increase motivation. These results demonstrate that
priming strategies are being used irrespective of coach intervention; therefore, educating
coaches and athletes on implementing priming techniques has its place when aiming to

improve athlete performance.

Study 2 built on the results of the systematic review and meta-analysis, and Study 1, by
investigating the priming effect of listening to self-selected music (SSM) or implementing
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motivational self-talk with imagery (MSTI) prior to performing a maximal strength 3RM back
squat. Endocrine markers of salivary testosterone and cortisol concentrations were
investigated to identify whether either strategy invoked a change in their concentration levels
to explain the mechanisms at work should differences in 3RM across interventions be noted.
Due to the COVID-19 pandemic, participation numbers for the following studies were
affected. As a result, fifteen healthy collegiate adult subjects with a mean age of 22.5 + 5.8
years, 173.5 + 8.2 centimeters (cm) tall, and a mass of 71.7 £ 9.2 kilograms (kg) undertook
the test. A repeated measures ANOVA revealed no statistically significant differences in
3RM, testosterone, or cortisol markers in SSM or MSTI groups. However, using Hedges g
effect size analysis, there were small increases in 3RM back squat performance in MSTI
and SSM conditions (g = 0.22, 95% CI -0.10, 0.54, and g = 0.26, 95% CI -0.23, 0.75
respectively) compared to a control (CON). SSM and MSTI increased testosterone levels
compared to CON (g = 0.66, 5% CI -0.06, 1.37 and g = 0.39, 95% CI -0.27, 1.06,
respectively), while trivial changes were observed in cortisol levels. Therefore, a small
practical difference occurred in the testosterone: cortisol (TC) ratio in MSTI and SSM (g =
0.23, 95% CI -0.41, 0.87 and g = 0.31, 95% CI -0.34, 0.96 respectively). In summary,
strategies such as SSM and MSTI may prime a healthy adult’s performance during training
sessions, such that they can increase training intensity; this may be due to increases in

testosterone and its potential effect on motivation and risk-taking.

As a result of motivational self-talk (MST) and SSM recording a small effect size increase in
the 3RM back squat, the third study investigated the effect of these priming techniques on
an upper body performance marker. A bench press exercise was implemented for four sets
of four repetitions (reps) at a four-repetition maximum (4RM) intensity. Endocrine markers
of salivary testosterone and cortisol concentrations were investigated to identify whether
either strategy invoked a change in their concentration levels to explain the mechanisms at
work should differences in the four sets of four repetitions across the interventions be noted.
Twenty-one healthy collegiate adults with a mean age of 23.0 + 3.5 years, 176.2 + 3.9 cm
tall, and a mass of 75.3 £ 9.0 kg participated in this study. No statistically significant
differences across interventions were found in the 4RM, cortisol, and testosterone markers.
Using Hedges g effect size, trivial differences in volume load lifted against CON in SSM and
MST were found (g = 0.09, 95% CI -0.42, 0.59, and g = 0.06, 95% CI -0.45, 0.57,
respectively). Average barbell velocity demonstrated a trivial increase when comparing MST
to CON (g = 0.15, 95% CI -0.36, 0.65), but a trivial decrease when SSM (g = -0.14, 95% CI

-0.65, 0.37) was implemented. Salivary testosterone concentration levels incurred a large
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increase after MST (g = 1.04, 95% CI 0.50, 1.58) and SSM (g = 0.85, 95% CI 0.32, 1.38)
interventions. Salivary cortisol concentrations produced moderate changes after SSM and
MST conditions (g = 0.81, 95% CI1 0.28, 1.34, and g = 0.78, 95% CI 0.25, 1.30, respectively).
In summary, no statistically significant results were found. However, meaningful, practical
differences were found with the volume of load lifted increasing over the four sets by 31.26
kg and 21.56 kg in SSM and MST, respectively. Therefore, these changes could potentially
equate to notable differences over time, with increased testosterone concentration levels

potentially driving small load increases.

Research has noted that physical performance markers can improve when being observed.
As athletes are observed during performances, Study 4 investigated the observer effect of
being viewed in person (OE). Additionally, in recent years, social media has grown in
popularity; therefore, being observed virtually via social media (SMO) was also investigated.
While warming up, subjects were observed, salivary testosterone and cortisol concentration
levels and a subsequent 65% 1RM back squat exercise to repetition failure were tested to
assess whether these primers affect a muscular endurance marker as no statistically
significant results had been reported in the maximal strength performance markers.
Additionally, being primed may assist in pushing through the “muscular burn” felt when
performing muscular endurance repetitions rather than maximal strength repetitions. Back
squat reps and bar velocity (m/s) were measured, along with the endocrine salivary
concentration levels and their ratios. No statistically significant results were found across
twelve healthy collegiate adult subjects with a mean age of 22.4 + 2.9 years,175.0 £ 5.2 cm
tall, and a mass of 76.6 £ 7.0 kg. However, using Hedges g effect size, practical differences
were noted. A moderate increase in testosterone in SMO (g =0.79, 95% CI-0.12, 1.46) was
recorded, but only a trivial difference in OE (g = 0.06, 95% CI-0.58, 0.71) compared to CON.
The SMO condition produced a lower cortisol rise (g = 0.09, 95% CI -0.56, 0.73) than OE (g
=0.22,95% CI1-0.43, 0.87) and CON. As a result, the TC ratio noted a moderate change in
SMO (g = 0.58, 95% CI -0.08, 1.24) and OE (g = 0.10, 95% CI -0.55, 0.74) compared to
CON. The SMO condition produced the most reps performed at 17.50 £ 6.14 reps (g = 0.43,
95% CI1-0.22,1.08), OE 17.33 £ 6.72 reps (g = 0.38, 95% CI -0.27, 1.03) compared to CON
14.83 £ 5.19 reps. With a small increase in mean bar velocity in both interventions, SMO =
0.49 m/s (g = 0.27, 95% CI -0.37, 0.92) and OE = 0.49 m/s (g = 0.28, 95% CI -0.37, 0.92)
compared to CON =0.47 m/s. In summary, no statistically significant differences were noted.
However, practical differences were. Filming subjects for social media appears to have a

greater effect on back squat bar velocity and completed repetitions, along with a higher

6



testosterone and TC ratio than the control and the observer effect. Therefore, performance

levels may improve if implemented throughout a training program.

The final study sought to investigate the priming effect of listening to SSM, implementing
MSTI, and being observed through SMO before performing a muscle endurance sixteen-
repetition maximum back squat (16RM). The barbell average velocity was recorded
throughout the back squat, and prior to this, isometric mid-thigh pull (IMTP) and a CMJ were
measured. Endocrine markers of salivary testosterone and cortisol concentrations were also
taken to investigate the possible underpinning psychophysiological mechanisms at work.
Twenty-eight healthy collegiate subjects with a mean age of 28.9 + 8.0 years, 167.7 + 34.8
cm tall, and a mass of 78.3 + 12.5 kg partook in the study. Due to subject availability, not all
subjects performed all interventions. Therefore, individual intervention results were
measured alongside subjects who completed all three interventions (Trio). Results revealed
a significant increase in load lifted in SSM 65.07 + 5.09 kg (g = 0.55, 95% CI -0.12, 0.99, p
< 0.001) vs. CON 50.00 + 4.42 kg, MSTI 61.14 £ 6.45 kg (g9 = 0.56, 95% CI -0.12, 1.00, p =
0.007) vs. CON 48.57 + 4.76 kg and SMO 59.14 + 5.86 kg (g = 0.55, 95% CI -0.08, 1.01, p
=0.01) vs. CON 47.86 +4.80 kg. The Trio group also recorded statistically significant results
in SSM 68.10 + 6.64 kg (g = 0.85, 95% CI -0.05, 1.74, p = 0.001), and MSTI 64.50 + 8.21
kg (g = 0.60, 95% CI -0.52, 1.72, p = 0.02) vs. CON 50.00 + 5.73 kg, but not SMO 59.50 +
7.87 kg (g = 0.40, 95% CI1 -0.82, 1.63). All other markers and tests did not produce significant
changes except for a reduction in peak power during the CMJ in the MSTI intervention (p =
0.04, g =-0.23, 95% CI -0.73, -0.23 (3661.86 + 277.07 W) compared to control (4307.21 +
284.66 W)). Moderate to large effect size reductions occurred in cortisol levels in the Trio
group (ST g = -0.98, 95% CI -1.98, 0.01 (82%)), with SSM and SMO noting moderate
changes (g = -0.68, 95% CI -1.68, 0.32 (93%) and g = -0.67, 95% CI -1.42, 0.09, (88%),
respectively) vs. CON (131%). Testosterone levels did not produce any notable changes. In
summary, SSM, MSTI, and SMO may prime a healthy adult's performance for muscular
endurance exercises but not for maximal strength and power during training sessions.
Improvements may result from cortisol concentration levels reducing, as cortisol moderates
the effect of testosterone and its subsequent impact on motivation and risk-taking behavior
changes.

In conclusion, the findings from this thesis suggest that i) healthy adults are already innately
implementing priming techniques to improve performance through listening to music and

motivational self-talk and physical actions; ii) priming can improve muscular strength and
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endurance performances but not maximal muscular strength and power in healthy adults;
i) the underpinning mechanisms for this effect may potentially be the rise in testosterone to
increase motivation and subsequent risk-taking to increase the load placed on the barbell
to lift more than they initially thought was possible. Simultaneously, the modulation of cortisol
to increase the TC ratio appears equally important due to the hormones working in tandem.

Further research is required to understand the efficacy of priming more fully.
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Chapter 1 PREFACE

1.1Introduction

Within sports science, the steroid hormone testosterone has predominantly been
researched for its effects on the neuromuscular system, primarily focusing on its anabolic
effects on muscle mass, strength, and subsequent improvements in sporting performance
(Fink et al., 2017). However, testosterone has also been linked to its influence on social and
psychological traits, notably increased motivation (Cook et al., 2013). For example, Apicella
et al. (2014) showed elevated bioactive testosterone (mean 27.82 picograms per millimeter
(pg/ml)) raises financial future risk-taking during monetary gambling, regardless of whether
they had previously won (raised by 33.00 pg/ml) or not (raised by 22.43 pg/ml) in 49 men.
Therefore, controversy about the exact role testosterone plays in improving physical
attributes is widely noted, with various studies reporting conflicting results, with some
claiming its role through protein synthesis and others through its psychological adaptions
(Kraemer et al., 2017; Mangine et al., 2017; Mobley et al., 2018; Morton et al., 2018).

Before competition or training, performing a warm-up is a widely accepted practice to
physically prepare for an upcoming event (Jeffreys, 2007). To achieve this, Jeffreys (2007)
suggested the “RAMP” warm-up protocol to “raise” the heart rate, “activate” and “mobilize”
muscles and joints, and “potentiate” the effectiveness of the subsequent performance task.
However, the mental aspect of warming up appears to lack a similar emphasis and protocol.
Strength-based athletes, such as weightlifters, have been known to “psych” themselves
before performing (Tod et al., 2005). “Psyching-up” can be described as a self-directed
strategy used immediately prior to or during a skill execution to enhance physical
performance (Tod et al., 2003). These methods are often referred to as “priming.” There
appears to be a paucity of literature examining and explaining the underpinning mechanisms
of priming. Changes in testosterone are associated with changes in motivation, power, risk-
taking, competition, violence, dominance, seeking status, social and sexual interaction,
increased risk-taking, and reduced fear (Mazur & Booth, 1998; McCall & Singer, 2012;
Stanton et al., 2011; van Honk et al., 2005). Therefore, if testosterone is primed before
performing a physical task, greater risk-taking and motivation could occur, which could
subsequently improve performance, as Cook and Crewther (2012b) reported when 12
professional rugby players significantly (p < 0.001) increased load lifted in a 3RM back squat

after watching various video clips.
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The mental preparation will typically involve the implementation of cognitive and behavioral
techniques. Behavioral techniques are not based on a conscious mental strategy, such as
listening to music (Karageorghis & Priest, 2012). Ishak et al. (2020) report that endocrine
changes occur when music is listened to, with alterations in testosterone, cortisol, and
oxytocin concentration levels, which may induce the positive effects noted. Karageorghis et
al. (2013) reported a significant 2% improvement in a 200 m freestyle time trial while listening
to asynchronous music (the music does not match the pace of the activity) in 20 collegiate
swimmers. Cognitive techniques involve various structured psychological frameworks; these
include imagery, self-talk, goal setting, arousal, and attentional control (Perkins et al., 2001;
Slimani et al., 2016; Tod et al., 2015). For example, Lebon et al. (2010) reported significant
strength gains in nine sports students after implementing mental imagery strategies during
rest periods between sets in 12 training sessions over six weeks. The subjects visualized
their muscles contracting for the sled leg press. The number of repetitions completed at 80%
of 1RM increased by 17.75 reps, representing eight more than the control group (d = 0.7)
(Lebon et al., 2010). Interestingly, Cook and Crewther (2012b) investigated testosterone’s
response to a priming technique of viewing a training video clip to 12 professional rugby
players prior to undertaking a 3RM back squat. Testosterone increased by 8.4%, with back

squat load lifted increasing by 4.6%, and cortisol increased by 5.5%

Testosterone is produced via the hypothalamus-pituitary axis, which consists of a dual
hormone relationship; cortisol acts as an antagonist to testosterone, inhibiting its production
(Cook & Crewther, 2014; Brownlee et al., 2005; Cumming et al., 1983). Increases in cortisol
occur in response to physical or psychological stress (Brownlee et al., 2005). Therefore, the
modulation of cortisol may be just as significant as priming testosterone. For example, Cook
and Crewther (2012) reported that 12 professional rugby players produced their worst match
performance (as rated by the head coach) when cortisol was significantly high (17.6%, p
<0.01) and testosterone low (-0.7%) compared to baseline. In contrast, the best
performance ratings occurred when testosterone was significantly high (12.5%, p <0.001)
and cortisol low (1.0%). Therefore, priming may be as much about raising testosterone as it
is suppressing cortisol. Providing strength and conditioning coaches (S&C) with an
understanding of priming strategies, their underpinning mechanisms, and their potential
benefits may prompt them to consider using them for performance enhancement.

20



1.20verview of Thesis and Chapter/Study Outlines

This thesis is structured as a series of investigations researching the effect of acute
psychological priming interventions on salivary endocrine measures of testosterone and

cortisol and their subsequent impact on physical performance markers.
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Figure 1.1 Schematic overview of chapters in the thesis.
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Chapter 2: Literature Review
The effect of endogenous testosterone and cortisol concentration levels on athletic

performance

This literature review explores the roles of testosterone and cortisol in athletic performance,
focusing on their musculoskeletal, metabolic, and psychological effects. Testosterone, an
anabolic hormone, enhances muscle growth, protein synthesis, and neuromuscular
performance while influencing behavior related to motivation and risk-taking. Conversely,
cortisol, a catabolic hormone, is crucial for stress response, immune regulation, and
metabolism, promoting gluconeogenesis and lipolysis. The balance between these
hormones, known as the testosterone-cortisol ratio, is essential for optimizing anabolic and

catabolic states, affecting muscle mass, energy availability, and psychological responses.

Chapter 3: Systematic Review with Meta-Analysis
Priming techniques facilitated by the endogenous release of testosterone and the

subsequent effect on performance markers: A Systematic Review with Meta-Analysis.

Testosterone has long been linked with its anabolic effects; however, few have analyzed its
ability to be primed and its subsequent impact on physical performance. A systematic review
and meta-analysis of the literature were undertaken using CINAHL, MEDLINE, and SPORT
Discuss databases, along with Google Scholar and ResearchGate. Five studies met the
inclusion criteria of a medium-grade PEDro scale result. The findings showed that
implementing the priming techniques of video clips and being observed in person can
significantly raise testosterone levels and subsequent performance markers. With such a
limited number of studies, further investigations using a more extensive array of subjects

and techniques are warranted.

Chapter 4: Study 1
A survey into the use of priming techniques implemented by athletes and coaches to

improve athletic performance.

The role of an S&C coach is to enhance athletic performance and mitigate the risk of injury
through periodized exercise prescription. What has been given less consideration is how
coaches can directly affect athlete training effort, behavior, and motivation. As the

systematic review and meta-analysis revealed, research into priming strategies is limited.
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Therefore, this study distributed a survey to athletes of varying abilities to better understand
whether any form of priming was being implemented. If so, what were these strategies, and
was there any coach involvement? Harnessing strategies already implemented by athletes
could lead to greater performance improvements than prescriptive priming strategies.
Understanding the evidence may assist in optimizing training interventions that aim to

enhance athletic performance.

Chapter 5: Methodologies

Collating the gleaned information from the systematic review and meta-analysis and Study
1, Study 2,3,4, and 5 were designed to implement the same methodology, with priming
techniques and physical performance tests being the variable factor. As a result, a better
understanding of the efficacy of the priming techniques and their effects on various tests
could be obtained. This chapter outlines the overall methodology and the various

interventions implemented.

Chapter 6: Study 2
Changes in salivary testosterone concentrations and voluntary back squat performance

following motivational self-talk with imagery or self-selected music.

During the research for this thesis, the Covid-19 pandemic broke out, which affected subject

numbers. Therefore, participation in the following studies was lower than anticipated.

Before competition or training, performing a warm-up is a widely accepted practice to
physically prepare for an upcoming event. To achieve this, a “RAMP” protocol has been
established. The mental aspect of warming up lacks an equivalent protocol. Pre-competition
speeches by coaches are routine to try to motivate and instill confidence, as is the use of
sports psychology techniques, such as MSTI, to boost self-esteem, manage stress, and
provide focus. When athletes are without a coach or sports psychologist, the implementation
of priming is lacking. To bridge the gap in the literature, this study aimed to investigate the
psychological interventions and priming capability of listening to SSM or engaging in MSTI
on testosterone concentration levels and its subsequent 3RM back squat performance
against a control condition. The release of cortisol was investigated to explain the
mechanisms at work given these hormones' antagonistic relationship on account of a dual-

hormone hypothesis. Cortisol has been reported to have an inhibitory effect on testosterone
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production. It is hypothesized that these psychological methods will decrease cortisol and
increase testosterone, producing surges in risk-taking and consequently enhancing

performance in the back squat.

Chapter 7: Study 3
Changes in salivary testosterone concentrations and voluntary bench press performance

following motivational self-talk or self-selected music.

Leading on from Study 2, this study investigated the priming effects of SSM or MST without
imagery on salivary testosterone and cortisol concentration levels and its impact on a
subsequent bench press exercise for four sets of four reps at a load of 4RM. Barbell velocity
was additionally tested, as this could be more sensitive to small but meaningful changes in
performance, as potentially adding more load may not be possible, but repetition velocity
may be. We posit that with a music soundtrack that resonates with the athlete and is of a
high tempo (126+ bpm) or with MST, the athlete will become “psyched-up,” which will

positively affect the strength-based training session.

Chapter 8: Study 4
Changes in salivary testosterone concentrations and subsequent voluntary back squat

performance following being observed in person and on social media while warming up.

Predominantly, athletes perform their sporting endeavors in front of audiences. Research
suggests that being observed can positively affect performance levels depending on the
task. Additionally, in recent years, social media has enabled a virtual observer to be present
during performances. Thus, in this study, the priming capabilities of performing a warm-up
in the presence of observers, both in-person and virtually via SMO, were investigated. This
time, a subsequent 65% 1RM back squat to repetition failure was used to test the efficacy
of the primers. Having to perform more reps may induce more motivation to complete.
Motivation may not be powerful enough to induce an extra rep at > 90% 1RM. Testosterone

and cortisol concentration levels were also tested to note any changes.
Chapter 9: Study 5

A series of acute psychological priming interventions assessing changes in hormonal and

physical performance measures.
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Due to the subject participation numbers being below the minimum of 24 subjects
established from a priori power analysis, a fifth and final study was implemented to add to
the data already collected. Following on from the previous study, a 16RM back squat was
tested again, with the addition of IMTP and a CMJ to test the efficacy of the priming tools of
SSM, MSTI, and being observed via SMO on maximal strength, neuromuscular power,
testosterone, and cortisol concentration levels. It is hypothesized that these psychological
methods will decrease cortisol and increase testosterone, producing altered psychological

and cognitive processing and enhancing performance in the back squat, IMTP, and CMJ.
Chapter 10: Conclusion, Practical Applications, and Directions for Future Research
This chapter summarizes the key findings from each of the studies in the upcoming chapters.

It additionally outlines areas for future research to add to the current literature on

testosterone priming for improved athletic performance.
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Chapter 2 LITERATURE REVIEW

2.0 The effect of endogenous testosterone and cortisol concentration levels on

athletic performance

2.1 Introduction

Hormones are essential biochemical messengers transported to target cells to facilitate
communication within the body (Turner et al., 2010). Among the hormones that influence
physical capabilities, testosterone, and cortisol are particularly significant due to their
contrasting anabolic and catabolic effects (Vingren et al., 2012). An understanding of these
hormones will assist strength and conditioning coaches on the consequences of
manipulating them, allowing them to design and implement training programs to optimize
the effects. This literature review will explore the musculoskeletal, metabolic, and
psychological effects of testosterone and cortisol and their intricate interactions, providing

an overview for enhancing athletic performance.

2.2 Overview of Testosterone

Testosterone is an anabolic, androgenic steroid hormone produced by the Leydig cells in
the testes and Theca cells in the ovaries from substrates cholesterol and acetate (Tyagi et
al., 2017). In men, the innermost layer of the adrenal cortex, the zona reticularis, secretes
prohormone substrates dehydroepiandrosterone (DHEA) and DHEA-sulfate to contribute
minimally to the testosterone pool (Tyagi et al., 2017). In women, additions to the
testosterone pool come from the zona fasciculata of the adrenal cortex via conversion from
progesterone and from peripheral tissues such as breast muscle, bone, and fat (Burger,
2002). The release of testosterone follows the circadian rhythm, which peaks in sleep and
is lowest in the late afternoon, with a superimposed ultradian rhythm every ninety minutes
(Wittert, 2014). The synthesis of testosterone in the testicular and ovarian tissues is
regulated by the Luteinizing hormone and follicle-stimulating hormone from the pituitary,
which is stimulated by the gonadotropin-releasing hormone from the hypothalamus via
stimulation from the central nervous system (Tyagi et al., 2017; Vingren et al., 2012). In
healthy adults, 60% of the testosterone distribution pool is bound to sex hormone-binding
globulin, 38% to albumin, and 2% is in its free biological state (Brooks, 1975; Turner, 2010).

The former two are unable to enter the intracellular environment. Free testosterone,
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however, can diffuse through cell membrane walls into the cytoplasm, bind with the
intracellular androgen receptors, enter the nucleus, and, in turn, bind with the nucleotide of
chromosomal DNA and exert androgenic effects, altering the expression of thousands of
genes (Gharahdaghi et al., 2021; Turner, 2010; Vanni & Moon, 2015). Testosterone is
responsible for developing secondary male sex characteristics and spermatogenesis and
preserving reproductive organs through adulthood (Tyagi et al., 2017). Pertinent to this
literature review, it also affects the musculoskeletal and metabolic systems and modulates

behavior.

2.3 Musculoskeletal system

Romagnoli et al. (2020) report that 40 — 45% of body mass is skeletal muscle. It is
fundamental to athletic performance, physical function, and metabolic health, and low
muscle mass has been found to be associated with greater mortality in adults (Lim et al.,
2022). Testosterone has been associated with increased muscle cross-sectional area
through the accrual of cellular proteins within pre-existing muscle fibers, increased muscle
protein synthesis, and intramuscular amino acid uptake to exceed muscle protein
breakdown to improve net protein balance (Gharahdaghi et al., 2021; Vingren et al., 2012;
Lim et al., 2022). Furthermore, testosterone increases mynuclei content in the muscle cells,
which enhances the capacity to synthesize protein, including contractile proteins (Hayes et
al., 2010). For example, Gharahdaghi et al. (2019) report that muscle protein accretion
significantly (p = 0.007) increased when exogenous testosterone was administered in
eighteen 65 — 75-year-old men for six weeks while undertaking resistance exercise,
compared to the control group who received a placebo injection (8.3 g vs. 1.9 g). Also, when
acute testosterone was administered, protein synthesis significantly (p = 0.009) increased
by 34.4% in six healthy prepubertal boys (Mauras et al., 1994). Kvorning et al. (2007)
reported that in twenty-two young men when endogenous testosterone is inhibited through
inhibiting gonadotropin-releasing hormone for eight weeks, attenuation in muscle mass
occurs even while undertaking resistance exercise. Inoue et al. (1994) reported that
impaired muscle growth occurs when androgen receptor antagonists inhibit endogenous
testosterone from binding to androgen receptors. Finally, it has been reported that
testosterone has stimulating effects on releasing other anabolic hormones, such as growth
hormone and insulin-like growth factor (IGF)-1 (Vingren et al., 2012); both are potent
anabolic hormones, with IGF-1 directly increasing gene transcription via the mammalian

target rapamycin (MTOR) pathway. Together, these results suggest that the androgen
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pathway affects muscle protein synthesis. Interestingly, mixed results have been reported
when correlating testosterone, resistance training, and increased skeletal muscle
hypertrophy. For example, West and Phillips (2012) found no correlation (r = 0.14) between
testosterone and skeletal muscle hypertrophy in 56 young men after 12 weeks of resistance
exercise training. However, 30 cross-trained female subjects significantly (p < 0.01)
increased testosterone concentration levels acutely after performing three sets of ten
repetitions for eight exercises (Copeland et al., 2002). Furthermore, Ahtiainen et al. (2003)
significantly correlated acute testosterone responses and changes in muscle cross-sectional
area (r = 0.76, p < 0.05) after 21 weeks in eight physically active men. Lim et al. (2022)
report that potentially the limiting factor in the efficacy of testosterone effects is the androgen
receptor content in skeletal muscle. For example, Morton et al. (2018) found no correlation
between testosterone and skeletal muscle hypertrophy in 49 resistance-trained men after
12 weeks of resistance exercise training. However, they did find a significant correlation
between androgen receptor content and muscle cross-sectional area (r = 0.51, p < 0.01).
Additionally, resistance training has been shown to increase androgen receptor binding with
DNA, which in turn improves anabolic signaling. These could be the reason for the variations
in reported results regarding testosterone, resistance training, and skeletal muscle

hypertrophy.

The nervous system is also affected by testosterone as it can bind with receptors on
neurons, thereby offering neuroprotection via the regeneration of structures, cells, and
function, along with adaptions to the neuromuscular junction (Bialek et al., 2004; Turner,
2010). Furthermore, it is linked with increasing neuron somal size, plasticity, dendrite length,
and diameter (Nagaya & Herrera, 1995). Testosterone can also increase the release of
catecholamines which consist of neurotransmitters adrenaline, noradrenaline, and
dopamine, which stimulate the central motor system, secretion of growth hormone and IGF-
1, muscular enzyme activity, promote energy availability, and augment vascular dilation by
modulating blood pressure and modulating the redistribution of blood, all of which alter
contractile qualities of skeletal muscle leading to an increase in instantaneous recruitment
of muscle mass and subsequently muscular strength (Turner, 2010; Kraemer et al., 1991;
Tod et al., 2003). Additionally, a rise in catecholamine levels prior to exercise is called the
“anticipatory” response, and the magnitude of the rise equates to the anticipated intensity
(Turner, 2010). This rise alters intracellular calcium levels in muscle fibres and neurons
(Turner, 2010). Chin et al. (2012) reported that 335 Malaysian Chinese and Malay men aged

40 years and above found a significant (p < 0.05) relationship between handgrip strength
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and testosterone (B = 0.142). Almeido-Neto et al. (2020) reported that testosterone could
be related to neuromuscular performance when they investigated 37 young male Brazilian
athletes; they reported that those with a higher testosterone level showed significantly (p =
0.08) higher neuromuscular strength levels when performing squat jumps (r = 0.28).
Raastad et al. (2000) reported a significant (p < 0.001) rise in testosterone (17.4%)
compared to baseline when performing front and back squats for three sets of three

repetitions at an intensity of three repetition maximum.

2.4 Metabolic

Changes in testosterone concentration levels have been associated with several metabolic
effects. When testosterone is low, impaired insulin sensitivity, increased body fat
percentage, truncal obesity, hypertension, dyslipidemia, and cardiovascular disease can
occur (Kelly & Jones, 2013; Kapoor et al., 2007; Ding et al., 2006). Additionally, testosterone
has been shown to inhibit catecholamine-induced lipolysis in abdominal subcutaneous
adipose tissue due to a reduction in the expression of B2-adrenoceptors and hormone-
sensitive lipase, which can affect fat metabolism and storage (Dicker et al., 2004; Arner,
2005; Rebuffe-Scrive et al., 1991). However, when testosterone is not low, its effect is
pertinent to strength and conditioning. It has been shown to stimulate glycogenesis and
inhibit glycolysis in muscle tissue by influencing the expression of glucose transporters and
enzymes (Ramamani et al., 1999; Grossman, 2014). Furthermore, testosterone has been
shown to inhibit the reduction in muscle glycogen stores during exercise (Breda et al., 2003),
suggesting that testosterone may play a role in preventing the breakdown of muscle
glycogen stores. Interestingly, Devries (2015) reported that testosterone concentration
levels did not affect the amount of muscle glycogen released during exercise. Instead, they
reported that estrogen levels were the mediating factor during endurance exercise.
However, research into testosterone's effects on metabolic pathways during human exercise
is limited. Therefore, conclusions cannot be made on the efficacy of testosterone during

exercise on metabolic actions.

2.5 Behavior

Testosterone concentration levels also affect the brain. The effects are crucial for brain
development, sexual development, altered mood, and decision-making and are responsible

for differences between sexes (Estumano et al., 2019; van Wingen et al., 2010). Barth et al.
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(2015) suggest that areas of the brain rich in sex hormone receptors, such as the
hippocampus, cerebellum, amygdala, and frontal cortex, can be reshaped by testosterone.
Interestingly, these areas can become larger in men than women (Pletzer, 2019). These
effects can lead to altered behavior through an upregulation in testosterone secretion, which
affects the amygdala functioning (Derntl et al., 2009). The amygdala, responsible for
vigilance and arousal, is part of the orbitofrontal cortex within the prefrontal cortex, which
regulates its functioning (Derntl et al., 2009; van Wingen et al., 2010; Hermans & van Honk,
2008). Testosterone reduces this regulatory control over the amygdala, enhancing coupling
with the thalamus instead, which is responsible for relaying sensory cues, which has been
shown to increase risk-taking and reduce vigilance (Derntl et al., 2009). This can activate
the mesolimbic-dopaminergic pathways in the nucleus accumbens (Hermans et al., 2010).
Therefore, increases in testosterone may increase motivation, risk-taking, aggression,
status-seeking behavior, sexual promiscuity, and reduced fear (Hermans & van Honk. 2008;
Ronay & Von Hippel, 2010; von Honk et al., 2005; Maestripieri et al., 2014; Eisenegger et
al., 2011). Furthermore, the psychologically induced “anticipatory” rise in catecholamines,
which drives increased force expression (Turner, 2010), is potentially enhanced by
testosterone’s stimulation of catecholamines. This highlights the implementation of psyching
up pre-exercise to develop optimal force (Turner, 2010). Suay et al. (1999) reported a
positive correlation (r = 0.42) between testosterone levels before and after a judo
competition and motivation to win in 28 male fighters. Mazur & Booth (1998) suggest a
feedback loop between testosterone levels and future behavior, with high testosterone
stimulating competition, and a reduction would reduce engagement in any potentially
damaging encounters. This was corroborated by Cook and Crewther (2012) when 12
professional rugby players viewed either a video clip of themselves with positive feedback
or an opposition player performing successful skills with cautionary feedback. A significant
(p < 0.05) testosterone increase of 12.2% occurred when the former was undertaken and
correlated with better player performance scores, as rated by the head coach, during the
subsequent match (r=0.81, p =0.001). The latter intervention experienced only a 0.7% rise
in testosterone. It resulted in a player performance that was deemed so poor that the
coaches refused to undertake a planned second intervention. Therefore, testosterone levels
may influence competitive behavior through motivation to perform, risk-taking, and

aggression.
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2.6 Overview of cortisol

The hypothalamus-pituitary-adrenal axis controls the release of the steroid hormone cortisol.
The sympathetic nervous system stimulates the hypothalamus, which synthesizes and
releases corticotropin-releasing factor from the paraventricular nucleus to the anterior
pituitary gland (Turner, 2010; Thau et al., 2023). This, in turn, releases the
adrenocorticotrophic hormone, which acts on the adrenal cortex to release cortisol bound to
either corticosteroid-binding globulin or albumin into the bloodstream (Turner, 2010; Thau
et al., 2023). The release of cortisol functions on a negative feedback loop, whereby
sufficient cortisol levels inhibit the release of adrenocorticotrophic and corticotropin-
releasing hormones (Turner, 2010; Thau et al., 2023). Additionally, the hypothalamus-
pituitary-adrenal axis follows the circadian rhythm; as a result, cortisol concentration levels
are highest in the morning and lowest at night (Thau et al., 2023).

Most tissues in the body have glucocorticoid receptors; therefore, cortisol affects nearly
every organ and system (Kadmiel & Cidlowski, 2013). These include the immune, nervous,
respiratory, cardiovascular, musculoskeletal, reproductive, and integumentary systems
(Thau et al., 2023). Cortisol secretion occurs due to a stress response from hypoglycemia,
exercise, or a fight-or-flight response (Turner, 2010). Its role is to mediate the stress
response and regulate immune, metabolism, and inflammatory function (Oakley &
Cidlowski, 2013).

2.7 Musculoskeletal system

In strength and conditioning, acute catabolic mechanisms from cortisol release due to the
incidence of stress from exercise can be regarded positively if the goal is increased muscular
hypertrophy. As exercise is initiated, the sympathetic nervous system activates the adrenal
glands to release a surge of catecholamines, resulting in increased heart and respiratory
rates (Thau et al., 2023). This perceived threat releases cortisol to enable the body to stay
on high alert by providing the required energy availability (Thau et al., 2023). To do this,
cortisol initiates gluconeogenesis in the liver, a metabolic pathway to produce glucose from
glucogenic amino acids, lactate, or glycerol 3-phosphate from triglycerides (Kuo et al., 2015;
Thau et al., 2023). Additionally, cortisol can produce energy through glycogenolysis through
epinephrine-induced activation of glycogen phosphorylase (Kamgang et al., 2023).

Therefore, when cortisol is present, muscle cells decrease glucose uptake and utilization,

31



and protein degradation increases instead. Turner (2010) states that this skeletal muscle
catabolism may be essential for muscular remodeling because the muscle requires
disruption for adaptions to occur. However, training goals should be varied to allow the
adrenal gland to recover and avoid overtraining, whereby cortisol release becomes chronic
and immune system depression remains (Turner, 2010). Cortisol suppresses B cell antibody
production and reduces neutrophil migration during inflammation due to these functions
being perceived as less important than energy production in times of a perceived threat
(Kadmiel & Cidlowski, 2013). Lastly, regarding muscular hypertrophy, anaerobic metabolism
acts as a potent stimulus for cortisol release (Turner, 2010); altering training variables to

achieve this may achieve greater muscle hypertrophy results.

Hayes et al. (2010) document that even though cortisol is reportedly crucial in adaptations
to resistance training, there needs to be more literature to provide evidence of the effect.
West and Phillips (2011), however, did report a significant association between cortisol
elevations and an increase in Type Il muscle fibre area (r=0.35, p <0.01) in 56 young men
during a 12-week resistance training study. In another study by Kraemer (1993), nine
eumenorrheic female subjects performed either five sets at a 5RM with three minutes of rest
or three sets at a 10RM with one minute of rest between sets. Both protocols included the
bench press, double leg extension, military press, bent leg incline sit-ups, seated rows,
lateral pull-down, arm curls, and leg press. Regardless of the exercise protocol, the
participants experienced significant (p < 0.05) increases in cortisol post-exercise (Kraemer
et al.,, 1993). Interestingly, Bailey et al. (2021) report that several studies suggest that
cortisol’s response to resistance training is merely a response to training and has no direct
effect on skeletal muscle adaptions. Additionally, Bailey et al. (2021) reported that in 41 elite
junior sprint athletes and non-athletes across a season, CSA was reduced by 2.8% and that
training-induced cortisol levels had a significant (p < 0.05) influence on muscular adaptions.
As this was a longitudinal study across a season, potentially the subjects were experiencing
chronic high cortisol levels, which created a prolonged catabolic environment, as opposed
to an acute secretion, to create minor muscle breakdown for muscular adaptions. These

results indicate the need for further investigation.

2.8 Metabolism

Maintaining blood glucose is a primary function of glucocorticoids (Wang et al., 2016).

Therefore, in addition to its role in gluconeogenesis and glycogenolysis, cortisol generates
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energy through lipolysis. This catabolic process involves the release of glycerol as a
precursor for gluconeogenesis and free fatty acids in adipose tissue for beta-oxidation and
for other cells to use for energy (Christiansen et al., 2007; Thau et al., 2023). Divertie et al.
(1991) reported that cortisol or saline was administered to subjects over six hours. Subjects
that received cortisol increased lipolysis by 60%. Djurhuus et al. (2002) corroborate this as
they state that unmistakably cortisol is a potent stimulus of lipolysis as they report a
significant (p = 0.01) rise in lipolysis when cortisol was administered to subjects compared
to a control (165 vs. 92 micromol/min). Furthermore, cortisol acts on decreasing insulin
secretion by pancreatic beta cells and increasing the production of the peptide glucagon
from alpha cells of the pancreatic islets of Langerhans in the pancreas (Kamgan et al., 2023;
Rix et al., 2019). Glucagon affects liver glycogenolysis, gluconeogenesis, ketogenesis, and
lipolysis and decreases lipogenesis (Thau et al., 2023). Cortisol is a counter-regulatory
hormone to insulin; therefore, insulin resistance can occur if cortisol remains chronically high
(Kamgan et al., 2023).

Endogenous triacylglycerols are the largest energy reserve in the human body, with 60 times
the amount of glycogen stored (Muscella et al., 2020). With 17,500 mmol stored in adipose
tissue, 300 mmol in skeletal muscle, and 0.5 mmol in plasma in a lean adult male (Muscella
et al., 2020; Horowitz & Klein, 2000). The amount of free fatty acids stored within
triglycerides is unknown; however, a significant quantity can be used during exercise
(Muscella et al., 2020; Ranallo & Rhodes, 1998). Fat and carbohydrate contribution to
energy production depends on exercise intensity, duration, training condition, diet, and body
composition (Muscell et al., 2020). Purdom et al. (2018) report that the majority of energy
supplied from free fatty acids comes between intensities of 45% to 70% of maximal aerobic
capacity (VO2max), with endurance-trained experiencing greater lipolysis compared to
untrained subjects (Klein et al., 1994). Neiman et al. (2017) reported that in 24 male runners,
fat oxidation increased when running at 70% VO2max until exhaustion (average 24.9 km),
as did cortisol by 95%. Interestingly, Aslankeser and Balc (2017) reported fat oxidation was
significantly (p < 0.05) 17 times higher in ten athlete subjects compared to eight untrained
subjects during a high-intensity intermittent test on a cycle ergometer at an intensity of 80%
VO2max. Therefore, releasing cortisol during aerobic exercise may benefit performance by

lipolysis occurring.
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2.9 Behavior

Due to the involvement of the hypothalamus-pituitary-adrenal axis in psychological stress,
cortisol levels rise when a stressful event occurs (Kluen et al., 2017). Glucocorticoids
modulate cognitive functions, including decision-making and risk-taking behavior (Kluen et
al.,, 2017). Cortisol binds with mineralocorticoid and glucocorticoid receptors in the
prefrontal-limbic circuits of emotion regulation (Putman et al., 2010), where many receptors
are located (Lupien & Lepage, 2001). Studies have also shown that cortisol affects the
hippocampus (Stark et al., 2006; Roozendaal, 2002), impairing memory retrieval while
enhancing memory consolidation (Stark et al., 2006; Wolf, 2003). These adverse effects
have also been associated with reduced cerebral blood flow in the medial temporal lobe (de
Quervain et al., 2003). Additionally, Roozendaal (2002) reports that the amygdala mediates
both effects. Cortisol enhances the consolidation of fearful and emotional memory,
suggesting a specific effect on the amygdala (Drevets et al., 2002; Zorawski & Killcross,
2002), indicating enhanced amygdala and reduced hippocampal functioning when cortisol
is high (Stark et al., 2006). Furthermore, an inverse correlation between the prefrontal cortex
and amygdala functioning when reacting to fear-related stimuli was noted (Stark et al.,
2006). Van Ast et al. (2012) reported that after administering 20 mg of hydrocortisone to 42
healthy subjects prior to undertaking a contextual fear-conditioning paradigm, they reported
that fear significantly (p = 0.019) increased in women who received the hydrocortisone.
Additionally, Kandasamy et al. (2014) observed subjects becoming more risk-averse when
receiving hydrocortisone to raise cortisol levels to 68% of their daily mean, which is the level
reported that financial traders experience prior to undertaking a financial risk-taking
exercise. Interestingly, they also reported that men began overweighting small probabilities
compared to women. Lastly, in a review researching the effects of stress on decision-
making, the authors report that stress can impair decision-making, creating competition
between emotional and cognitive functioning (Yu, 2016). Rossi et al. (2022) report that the
mood state of an athlete prior to competition potentially affects results, with anxiety being a
key marker identified. This has been corroborated by higher cortisol levels associated with
athletes who have lost compared to winners, such as Rossi et al. (2024), who reported that
winners of a volleyball match had a significantly (p = 0.01) lower cortisol level compared to
the losers whose cortisol levels had only marginally dropped immediately post-match
(166.01 vs 291.59 U/ml).
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2.10 TC Ratio

It is proposed that testosterone secretions occur when cortisol secretions are low and vice
versa. This relationship has been named the dual-hormone hypothesis. When testosterone
levels are high, and cortisol levels are low, testosterone has been positively related to status-
seeking behaviors such as competitive, dominant, aggressive, risk-taking, and sexual
behaviors (Dekkers et al., 2019). The model predicts that testosterones status-seeking
behaviors are inhibited when cortisol is high. Mehta and Josephs (2010) reported that 94
undergraduate students were videotaped in a leadership position. Those who demonstrated
dominant behavior had statistically significant (p < 0.05) high testosterone concentrations
and low cortisol, and those with high cortisol had a non-significant relationship with
testosterone levels. Furthermore, Hermans et al. (2008) reported that testosterone
admission increased amygdala reactivity to angry faces. Van Honk et al. (1998) noted the
opposite effect, whereby high cortisol levels lead subjects’ attention away when confronted
with angry stimuli. This reciprocal inhibition has been termed functional crosstalk between
the hypothalamus-pituitary-adrenal axis (HPA-axis) and the hypothalamus-pituitary-gonadal
axis (HPG-axis) (Dekkers et al., 2019). The HPA-axis can suppress the secretion of
gonadotropin-releasing hormone, and the HPG-axis inhibits arginine vasopressin synthesis
(Salvador, 2012; Dekkers et al., 2019). Additionally, cross-talk has a second mechanism
whereby inhibition can be achieved. At the nuclear-receptor level, one axis can block the
other axis’s receptor; for example, glucocorticoids can decrease androgen receptor
synthesis (Dekkers et al., 2019). Therefore, when the stress system is activated, this may
overrule gonadal functions. Hamilton et al. (2015) suggest this may be an evolutionary
mechanism, suppressing reproductive activity in times of stress. For example, Norman et
al. (2015) reported that when testosterone was high, aggressive behavior was raised.
However, when trait anxiety was increased, it was shown to moderate this relationship.
Therefore, depending on context, increasing one axis and suppressing the other may be

beneficial.

2.11 Conclusion

In conclusion, the intricate balance of testosterone and cortisol and their ratio is crucial to
underpinning the body's anabolic, catabolic, metabolic, and psychological processes.
Testosterone on the HPG-axis is central to the development and maintenance of male

reproductive tissues and secondary sex characteristics, and it plays an essential role in
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muscle mass accrual, muscular strength, metabolic regulation, and motivational risk-taking
behavior. Cortisol, on the other hand, is a vital hormone of the HPA-axis and is instrumental
in regulating metabolism, immune response, and stress adaption. High cortisol levels can
lead to muscle protein breakdown, impaired immune function, energy availability, and
psychological anxiety and stress. Therefore, the TC ratio is a valuable marker for assessing
the balance between anabolic and catabolic states. This ratio may also alter behavior by
promoting or inhibiting motivational and anxiety traits, which could influence performance in
a sporting context. Therefore, monitoring or manipulating this ratio may be necessary for
athletic training and optimizing performance and recovery. Future research should explore
the implications of these hormones’ effects on the body in various sporting contexts to

understand the optimal ratio for improved performance.
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Chapter 3 SYSTEMATIC REVIEW with META-ANALYSIS

3.0 Priming techniques facilitated by the endogenous release of testosterone
and the subsequent effect on performance markers: A Systematic Review with

Meta-Analysis.

3.1Introduction

Within sports science, the steroid hormone testosterone has predominantly been
researched for its effects on the neuromuscular system, primarily focusing on its anabolic
effects on muscle mass, strength, and subsequent improvements in sporting performance
(Fink et al., 2017). However, testosterone has also been linked to its influence on social and
psychological traits, notably increased motivation (Cook et al., 2013). Therefore, controversy
about the exact role testosterone plays in improving physical attributes is widely noted.
Specifically, some studies claim testosterone to have a critical role during protein synthesis,
while others have focused on the interaction between changes in testosterone and
psychological effects (Kraemer et al., 2017; Mangine et al., 2017; Mobley et al., 2018;
Morton et al., 2018).

Testosterone originates from the Leydig cells of the testes, the ovaries in women, and
partially in the adrenal gland in both sexes. The hypothalamus and the pituitary glands
mediate secretion via the hypothalamic-pituitary-gonadal axis (Slimami et al., 2017).
Notably, upregulation of this secretion can affect the amygdala (Derntl et al., 2009). The
amygdala is part of the orbitofrontal cortex within the prefrontal cortex, which regulates
amygdala functioning (Derntl et al., 2009; van Wingen et al., 2009; Hermans & van Honk,
200,8). Testosterone reduces this regulation and enhances coupling with the thalamus,
which is responsible for relaying sensory cues, which has been shown to increase risk-taking
and reduce vigilance (Derntl et al., 200,9). This can activate the mesolimbic-dopaminergic
pathways (the reward pathway) in the nucleus accumbens (Hermans et al., 2010).
Therefore, increases in testosterone may increase motivation and aggression (Hermans &
van Honk. 2008). This has been extensively examined, along with other psychological
factors such as risk-taking (Ronay & Von Hippel, 2010), reduced fear (von Honk et al. 2,005),
sexual promiscuity (Maestripieri et al., 2014), and being in a position of perceived power

(Klinesmith et al., 2006). Results indicate that these behaviors increase with an acute rise

37



in testosterone, showing a change in motivational balance to a heightened sensitivity to
reward and a lower sensitivity toward danger (van Honk et al., 2005). Van Honk et al. (2005)
reported a reduction in unconscious emotional responses to fearful faces without influencing
levels of conscious anxiety when testosterone was elevated. This suggests increased risk-
taking behavior to achieve rewarding aspects of completing the task, indicating that
testosterone could have aggression-increasing, fear-reducing, dual-sided motivational
properties (van Honk et al., 2005). To support this theory, Apicella et al. (2014) showed
elevated bioactive testosterone (mean 27.82 pg/ml) significantly (p = 0.009) raises financial
future risk-taking during monetary gambling, regardless of whether they had previously won
(raised by 33.00 pg/ml) or not (raised by 22.43 pg/ml) in 49 men, however winning did
significantly increase (p = 0.02) testosterone higher than losing (difference 10.57 pg/ml).
Subjects in the study of Klinesmith et al. (2006) held a handgun and experienced a rise in
testosterone (mean change = 62.05 pg/ml) due to the feeling of power and heightened risk.
Finally, Stanton et al. (2011) found that when 154 participants completed a gambling task in
both sexes, the higher the testosterone (mean difference = men 31 pg/ml, women 8 pg/ml),
the greater the willingness to incur risk. Therefore, if an athlete could replicate this feeling of
power and arousal to compete, this could potentially improve their performance levels.

The rise in post-resistance exercise circulatory anabolic hormones such as testosterone is
believed to be associated with muscle hypertrophy and protein synthesis through hormone-
receptor binding and the up-regulation of intracellular anabolic pathways (Slimami et al.,
2017). A previous meta-analysis examined testosterone and cortisol ratios in men and found
that acute resistance exercise consistently increased saliva testosterone concentration, with
an average effect size of d = 1.06 (Hayes et al., 2015). Similarly, Ahtiainen et al. (2003)
reported a correlation between muscle hypertrophy and acute testosterone levels after 21
weeks of heavy resistance training (r = 0.76, p <0.01). Ali et al. (2019) also reported
increases in testosterone levels after six weeks of soccer-specific contrast (an increase of
3.7 pg/ml, 17%, p = 0.01) and complex (an increase of 3.89 pg/ml, 28% p = 0.01) training
compared to a control group (0.42 pg/m, 3.3%). Conversely, Mangine et al. (2017) and Fink
et al. (2016) reported that exercise-induced hormone elevations in muscle growth were
independent of specific training programs. Simply put, it was not the repetition, set, or rest
configuration that mattered as much as the amount of testosterone released. However,
Morton et al. (2016) reported no significant correlation between post-exercise anabolic
hormone elevations and muscular strength or hypertrophy improvements; therefore, a

consensus on testosterone’s effects on athletic performance has yet to be fully agreed upon.
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Gleason et al. (2009) reported that in sporting competition, androgens affect personality
similarly to in sexual contexts, with increases in motivation and aggression due to rises in
testosterone. Levels can rise during the moments before competition through anticipation of
the upcoming event (Edwards & Kurlander, 2010). Arruda et al. (2014) also reported that
home teams express higher levels of testosterone (pre-game 701 picomoles per liter (pmol-
L), post-game 944 pmol-L; 34% increase) compared to when the team plays away from their
home venue (pre-game 531 pmol-L, post-game 770 pmol-L; 45% increase). Furthermore,
the outcome of the event, such as prize money, prestige, and fame, have also all been
shown to cause increases in testosterone levels through these extrinsic motivators. To
provide a specific example, testosterone levels in female volleyball players were 20% higher
pre-competition (16.07 pg/ml) than pre-practice (13.43 pg/ml; Edwards & Kurlander, 2010).
Consequently, victories have shown elevations in concentrations (mean increase of 32.1%),
and defeats have been shown to decrease testosterone (mean decrease of 23.8%) in 28
male college students during a memorization test (McCaul et al., 1992). Post-competition
testosterone increases have also been linked with increased aggression and willingness to
compete again in another dominance contest and re-engage in dominating behavior,
whether after victory or not (Wood & Stanton, 2012). Therefore, testosterone may improve
volitional motivation and provide one proxy marker for readiness to train and compete (Cook
& Beaven, 2013).

Other pre-competition techniques to increase an athlete's physical and mental activation
that may have primed testosterone inadvertently are imagery, goal setting, and self-talk (Tod
etal., 2015). A systematic review of 53 studies reported increased muscular strength, power,
and endurance using imagery of 69, 67, and 55%, respectively. Goal setting also improved
these markers by 65, 100, and 63%, respectively. Furthermore, self-talk improved the
markers by 61, 67, and 50% (Tod et al., 2015). This indicates that priming techniques that
affect mindset before resistance training could be beneficial.

This systematic review aims to critically evaluate psychological priming and its subsequent
effect on testosterone prior to completing a performance task, given the potential positive
effects of elevated testosterone concentration levels reported in the currently limited body
of evidence. Increasing motivation and reducing fear to improve athletic performance and

competition levels could benefit coaches and individuals of varying abilities. Therefore, the
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objective of this systematic review is to undertake a review of various priming techniques to

determine their effects on testosterone prior to subsequent sporting and physical endeavors.
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3.2 Methods

3.2.1 Literature search methodology

This review was undertaken in line with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA) statement (Page, 2021). Peer-reviewed original
journal articles were obtained via electronic searches of CINAHL, MEDLINE, and
SPORTDiscus databases, along with Google Scholar and ResearchGate. “Testosterone”

was combined with specific terms to avoid unrelated articles being returned. These included:

“testosterone and music,” “testosterone and self-talk,” “testosterone and imagery,”

“testosterone and social media,” “testosterone and physical performance,” “testosterone and

” [ ” [

athletic performance,” “testosterone and cognitive performance,” “testosterone and

LT} ” LT}

strength,” “testosterone and power,” “testosterone and team talk,” “testosterone and

priming,” “testosterone and motivation” and “testosterone and warm up.” The inclusion
criteria of this review included: 1) limited to the English language, 2) publications up to and
including December 2023, 3) only include research in human subjects, 4) implement
psychological priming techniques, and 5) include pre and post-intervention testosterone
data. Additional searches were undertaken using Google Scholar when full-text articles were
inaccessible. Articles collected were then screened on the title and abstract review, with a
full-text review conducted using the PEDro scale (Verhagen et al., 1998). Figure 2.1 displays

the search methodology implemented.

3.2.2 Grading article quality

A quality appraisal was performed using the PEDro scale in line with the suggestions of
Verhagen et al. (1998). Each study was appraised using eleven criteria with a scale of yes
and no. An overall score out of eleven was then given to each article and divided into three
categories: Low 0 — 4, medium 5 — 8, and high 9 — 11, with the greater the score, the better
the article. Two authors independently graded the studies against the criteria (JC, AT), with

any disparity arbitrated by (CB).

3.2.3 Statistical analysis

In this meta-analysis, statistical analysis was carried out by calculating the change in
testosterone from pre to post-test and dividing them by their standard deviations (Equation
2.1). Ninety-five percent confidence intervals were also computed using the formula of
Nakagawa and Cuthill (2007). The magnitude of the effect was interpreted as < 0.2 trivial,
0.2 - 0.49 small, 0.5 - 0.79 moderate, and > 0.8 large.
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Equation 2.1. Hedges’ g equation (Lakens, 2103), where n =5 g *= Cohen’sd x (1 >

3.3 Results

A total of 5,574 studies were initially identified, with search results streamlined through
journal relevance. Studies from Google Scholar and ResearchGate were included in the
initial filtering process, of which 558 were excluded by removing duplicates and studies that
did not meet the inclusion criteria. This resulted in 5,016 studies being screened. Studies
initially returned represented the following combined database results: “testosterone and
music” = 24; “testosterone and self-talk” = 0; “testosterone and imagery” = 13; “testosterone
and social media” = 26, “testosterone and physical performance” = 452, “testosterone and
athletic performance” = 498, “testosterone and cognitive performance” = 283, “testosterone
and strength” = 2,243, “testosterone and power” = 1008, “testosterone and team talk” = 0,
“testosterone and priming” = 94, “testosterone and motivation” = 420, “testosterone and
warm up” = 40 and "psychological and warm up” = 118. A further 4,989 papers were
excluded based on title and abstract review. Finally, 22 full-text articles were assessed for
eligibility and disregarded due to studies not meeting the pre-stated inclusion criteria

requirements (Figure 3.1).
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Figure 3.1 Flow diagram showing the identification and selection of studies in the literature

for the current review.

Of the remaining five studies, one focused on the presence of an attractive woman priming
testosterone, and four investigated the effect of watching video clips on testosterone levels
(see Tables 3.1 and 3.2). The PEDro scale (Verhagen et al., 1998) (see Table 3.3) grading
identified four articles with a medium grade, and two studies met a high criteria grade of nine

or more.

A wide range of performance outcome measures were implemented to demonstrate the
effectiveness of the chosen interventions on priming testosterone levels. Multiple measures

per study were undertaken, therefore, some studies were counted more than once. The
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number of studies related to the category of tests includes skateboard tricks (1), 3RM squat

(1), rugby performance (2), hand grip strength (1), and countermovement jump peak power

(1),
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Figure 3.2 Results of primed endogenous testosterone concentration levels using effect size with 95% confidence intervals. The magnitude
of the effect was < 0.2 trivial, 0.2 — 0.49 small, 0.5 — 0.79 moderate, and > 0.8 large (Hedges g, 2014).
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Table 3.1 6 article results on testosterone priming techniques.

Authors Subjects Intervention Metrics Measured Salivary Testosterone | Cortisol Significant PEDro Scale
Difference %
Cook and Adult male Control Rugby match ranked Testosterone % change | Cortisol % change Post-match Medium
Crewther n=12 performance intervention T
(2014) - There was not a -NV =22.6+8.2% -NV=6.7+4.0% - All sig diff (p <0.001) | - 63.63%
- Mean age: 20 control session -SS=23.8/5 -V=239=9.9% -V=35+28%
years -SB=2/5 Post-match
- Mean height: 1.85 | Intervention -FS=28/5 -SS=518+14.2% -S8S=16.0+7.1% intervention C
m -FB=1.1/5 -SB=223+13.7% -SB=265+7.1% - SS & SB = sig diff (p
- Mean weight: 95.7 | - Post-match video in - Social or neutral -FS=8.6+5.0% -FS=-58+2.8% < 0.001)
kg front of: environment = same -FB=21.4+75% -FB=-93+4.1%
- Bigger friend performance rank Match performance
- Smaller friend - All sig diff (p <0.001)
- Bigger stranger - FB = Best
- Smaller stranger
Pre-match T following
- Pre match video of intervention
same - FB = sig diff (p <
0.004)
Pre-match C
- Sig diff (p < 0.05)
Match performance V
& NV
- No sig diff (p > 0.05)
Crewther et Adults Control Hand grip strength Testosterone % change Sprint Medium
al. (2016) n =26 - Control session -+1.7+0.3 Video
T - 63.63%
- Men: 12 Intervention Countermovement -Men-1.2 +19% - Sig diff (p <0.05)
- Women: 14 -5 X 10s Cycle sprint | jump peak power
- View video clip --59+ 35 - Women -10.4 + 18% Video
Mean age: - No Sig diff (p > 0.05)
- Men 24.5 years
- Women 23.5
years
Mean height:
- Men 181.1 cm
- Women 164.4 cm
Mean weight:
- Men 83.5 kg

- Women 59.3 kg
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Cook and
Crewther
(2012a)

Adult
n=12

- mean age: 21.8
years

- mean weight: 98.5
kg

- mean height: 1.85
m

Control
- Self-motivation

Intervention

- Video clip of
successful skill
execution with
positive feedback

- Watching a video
clip of opposing
player with positive
feedback

Rugby performance
Key player rating
-VPCF21.5
-VPCF11.8
-SM23.3
-SM13.7

-VCCF 4.8

Overall performance
rating

-VPCF11.7
-VPCF21.8
-VCCF 5.0
-SM13.0
-SM23.5

Testosterone % change

-VPCF1 =125+ 5.9%
-SM1=54+37%
-VCCF=-0.7+4.7%
-SM2=5.0+2.4%
-VPCF2=11.8+4.8%

Cortisol % change

-VPCF1=1.0+3.3%
-SM1=3.6+4.0%
-VCCF=176+9.7%
-SM2=45+24%
-VPCF2=0.0+4.2%

Testosterone
Sig diff (p <0.05)
- VPCF1

- SM1

- SM2

- VPCF2

Cortisol
Sig diff (p <0.05)
-VCCF

Medium
-63.63%
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Table 3.2 6 article results on testosterone priming techniques continued.

Authors Subjects Intervention Metrics Measured Salivary Testosterone Cortisol Significant PEDro Scale
Difference %
Ronay & von | Young Adult Males: | Control: Skateboard tricks Post Intervention Female experimenter High
Hippel (2010) | n =96 - Male experimenter between sexes Skateboard fewer -81.81%
- Aborted d = 0.75 ST aborted tricks
- Age: 18-35 Intervention: - Successful d = 0.42 -FET=295.95+ Sig diff (p <0.001)
- Mean age: 21.58 - Female - Crash landing d = 143.69 pmol/L
years experimenter 0.50 -MET=212.88 + Skateboard more
101.62pmol/L successful tricks
Sig diff (p <0.001)
Skateboard more
crash landings
Sig diff (p <0.001)
Male experimenter
No sig diff (p >0.20)
Cook and Adult Control Squat 3RM improved Testosterone % change | Cortisol % change Sig diff (p <0.05) Medium
Crewther n=12 - Neutral by: - Erotic, humorous,
(2012b) - Control =-1.3 +4.1% - Control =-2.8 + aggressive & training - 45.45%
- Mean age: 21.2 Intervention - Aggressive clip = 10.8% clips
years - Video clips 5.4% -Sad=-57+27%
- Mean height: 1.90 | - Sad -Sad =5.2+10.0% Erotic, aggressive &
- Mean weight: 99.0 | - Erotic - Training clip = 4.6% - Erotic=4.8 + 2.0% training clips
kg - Aggressive - Erotic=6.9+3.7% Sig diff (p <0.05)
- Training motivational | - Erotic clip =2.1% - Humorous = 3.7 +
- Humorous 2.7% - Humorous =-0.5 + 3RM
- Humorous clip = no 6.4% - Erotic, aggressive,
sig diff - Aggressive = 10.0 + training clips
5.2% - Aggressive = 13.0 + Sig diff (p <0.05)
- Sad clip = no sig diff 6.9%
- Training = 8.4 + 5.0%
- Training =5.5 +
8.0%

Sig dif = significant difference, n = number, g = effect size, Cl = 95% confidence interval, ST = skateboard tricks, RL = reversed learning,
FE = female experimenter, ME = male experimenter, FB = friend bigger, FS = friend smaller, SB = stringer bigger, SS = stranger smaller,
T = testosterone, HGS = hand grip strength, CMJPP = countermovement jump peak power, VPCF1 = video clip of successful skill with
positive feedback, VPCF2 = video clip of successful skill with positive feedback, VCCF = video clip successful skill completion by opposition

player with cautionary feedback, SM1 = self-motivation, SM2 = self-motivation, NV = no video, V = video.
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Table 3.3 PEDro Scale Results.

Ronnay & Cook & Cook & Crewther Cook &

Von Hippel Crewther Crewther etal. Crewther

(2010) (2012a)  (2014) (2016) (2012b)
Eligibility criteria specified Y Y Y Y N
Subject randomly allocated to N Y Y Y N
groups
Allocation was concealed Y N N N N
Groups had similar baselines Y Y Y Y Y
Blinding of all subjects Y N N N N
Blinding all therapists Y N N N N
Blinding of all assessors N N N N N
1 key outcome obtained from N Y Y Y Y

85% of subjects

All subjects received Y Y Y Y Y
treatment or control condition

Between group stats reported Y Y Y Y Y
Reporting of point measures Y Y Y Y Y

& measures of variability

Total 8/11 7/11 7/11 7/11 5/11

Y =vyes, N = no.



3.4 Discussion

This systematic review aimed to critically evaluate the available literature pertaining to
the implementation of testosterone priming techniques prior to completing a physical
performance task. Data analyzed from five studies indicated that priming testosterone
may exhibit a moderate improvement (g = 0.54, 95% CI 0.31, 0.77) in subsequent
performance tasks. Particularly with motivational video clips, when other people are
present, or when an attractive woman is used. Evidence pertaining to the use of sad
or cautionary video clips failed to raise testosterone levels significantly, and mixed

findings occurred when implementing aggressive video clips.

3.4.1 The effects of watching video clips

The highest increase in saliva testosterone concentration levels was reported by Cook
and Crewther (2014), with a 51.8% increase (g = 2.90, 95% CI 2.56 - 3.23). Twelve
professional rugby players watched video clips individually of themselves performing
both successful and unsuccessful skills from a match played one day earlier. This was
in front of a stranger or friend who was either bigger or smaller in physical stature. All
scenarios increased testosterone significantly (p < 0.05), with the presence of a
smaller stranger (SS) producing the greatest increase (51.8%, g = 2.90, 95% CI 2.56
- 3.23). Cortisol levels rose when viewing the video clip in front of strangers, with a
bigger stranger (SB) increasing cortisol significantly by 26.5% and SS by 16.0%. In
front of friends, a bigger friend (FB) decreased cortisol significantly by -9.3% and -
5.8% in front of a smaller friend (FS). Cortisol concentration levels have been reported
to rise in the presence of a psychological or physical threat (Hannibal & Bishop, 2014).
Thus, having strangers observing subjects view a video clip of themselves may
potentially be stressful for the subject, whereas having friends observing could be
stress relieving. Interestingly, when players undertook their first resistance training
session three days later, which consisted of three sets of power cleans, back squats,
and bench presses, testosterone and cortisol levels altered favorably during the
resistance training session. Those who watched the videos had 9.2% higher pre-
session testosterone levels and incurred a greater testosterone rise post-session, with
a 23.9% increase compared to 22.6% in those who did not watch the videos. Indicating
resistance training increases testosterone levels similarly whether subjects are primed

or not. However, those who watched the videos still observed a 9.3% increase post-
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session. Cortisol levels in players who viewed video clips were also lowest pre-session
by 3.2% and rose the least post-session, 3.5%, compared to 6.7% for those who did
not watch videos. During the second performance test, a rugby match played seven
days later, those players who watched the videos had pre-match testosterone levels
that were significantly (p < 0.01) higher (9.2%) compared to those who did not watch,
with players who viewed the video in front of SB, FS, and FB all producing significantly
(p < 0.05) better match-ranked performances than those who viewed in front of SS.
However, no match-ranked differences existed between players who watched the
videos and those who did not. This indicated that implementing a testosterone priming
strategy six to seven days before a rugby match is potentially not efficacious. However,
it demonstrates that male athletes' hormonal stress responses are malleable and can
be influenced by different psychological and social stressors before a physical
endeavor three days later (Crewther & Cook, 2012), especially when strangers are
present (Phillips et al., 2009).

A reduced period between intervention and commencement of a physical endeavor
occurred in Cook and Crewther’s (2012a) investigation. Instead of days, it was 15
minutes before a professional competitive rugby match. Twelve players watched
either: i) a video clip of themselves producing a successful skill execution, along with
positive feedback from their coach (VPCF), ii) a video clip of a successful skill
executed by an opposing player along with cautionary feedback (VCCF), or iii) the
player was left to self-motivate. A significant (p < 0.05) testosterone increase of 12.2%
occurred when VPCF was undertaken (g = 0.87, 95% C1 0.62, 1.11), compared to only
0.7% in VCCF and 5.2% when self-motivating. This also correlated with better player
performance scores, as rated by the head coach, during the subsequent match (r =
0.81, p=0.001). These findings may be related to the proposed effects of testosterone
on player behavior, as Cook and Crewther (2012) suggest testosterone levels may
have influenced competitive behavior through motivation to perform, risk-taking, and
aggression. Coates and Herbert (2008) support this, suggesting that higher
testosterone levels increase risk-taking behavior in adult males. This is consistent with
the findings of Trumble et al. (2012), who produced a soccer profile report whereby
greater testosterone levels prior to a match were associated with improved self-rated
performances (p = 0.004). Interestingly, not only were the match performances
affected by testosterone levels, but VCCF produced a significant (p < 0.01) cortisol
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rise of 17.6% compared to 0.5% with VPCF or self-motivate 5.8%. This potentially may
have also contributed to the negative performance outcome in VCCF, as high levels
of cortisol are detrimental and negatively impact performance (Siart et al., 2017). This
study may indicate that timings, social contact, and intervention content may affect

testosterone priming, cortisol levels, and subsequent rugby performances.

In another study by Cook and Crewther (2012b), they repeated their methodology from
the previous 2012a study, whereby a short 15-minute period was implemented
between testosterone priming and undertaking a 3RM back squat. Video clips were
used again, this time, they varied in content. Either an aggressive, control, erotic,
humorous, sad, or training clip was viewed by twelve professional rugby players prior
to performing the lift. A significant (p < 0.001) large 10% rise in testosterone occurred
after watching an aggressive clip displaying large rugby hits (g = 0.67, 95% CI 0.43,
0.90), which is consistent with Carré and McCormick’s (2008) findings whereby when
more aggressive behavior is displayed (to a Point Subtraction Aggression Paradigm
task), the higher the testosterone response. The training clip featuring a UFC fighter
produced an 8.4% increase (g = 0.90, 95% CI 0.65, 1.14), with erotic and humorous
clips displaying significantly improved levels also (4.8%, g = 0.52, 95% CI 0.28, 0.75,
3.7%, g = 0.39, 95% CI 0.15, 0.62), respectively. In comparison, the sad and control
clips reduced levels by -5.7% (g = -0.70, 95% CI -0.94, -0.46) and -1.3% (g = -0.08,
95% CI -0.31, 0.15), respectively. These findings indicate that simply watching video
clips does not alter testosterone levels, instead, it is the psychological content of the
clips creating change (Cook & Crewther, 2012b). Interestingly, correlations between
increases in testosterone and 3RM performances occurred (r = 0.85, p = 0.001), with
overall strength and body mass also increasing by 2.0% (3.1 kg) and 0.5% (0.5 kg).
Furthermore, this occurred despite cortisol levels increasing significantly (p <0.05) by
13% after viewing the aggressive and erotic clips by 6.9%. The training and sad clip
raised cortisol by 5.5% and 5.2%, respectively, with the humorous and control clips
lowering (-0.5% and -2.8%, respectively), indicating cortisol levels did not adversely
affect the potentially positive effects of testosterone when performing a 3RM back

squat 15 min post priming intervention.

Testosterone responses to aggressive video clips have shown mixed results.
Crewther et al. (2016) reported decreased testosterone levels by 10.4% in women (g
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= -0.36, 95% CI -0.56, -0.16) and 1.3% in men (g = 0.03, 95% CI -0.20, 0.26). A
significant rise in concentrations occurred after implementing a priming strategy of 10
x 5 s cycle sprinting strategy, which increased concentration levels by 15% in women
and 20% in men. Interestingly, this is despite women having less than half the amount
of testosterone as males, indicating that women can achieve similar relative changes
with the appropriate stimulus (Crewther et al., 2016). The countermovement jump or
handgrip strength tests did not improve after watching the video or undertaking the
cycle sprints. Cortisol levels were not reported; therefore, it is unknown whether
concentration levels affected these additional performance tasks. Crewther et al.
(2016) suggest that affective stress or pre-test cortisol levels may affect hormonal
testing results. Therefore, it is of interest to coaches to understand that the social
environment before priming may affect the efficacy of video clip priming and the

timings and content of videos shown.

3.4.2 The effect of being watched

Testosterone was raised significantly (83.07pmol/L, g = 0.67, 95% CI1 0.61, 0.72) when
the presence of a female examiner observed male subjects performing a difficult
skateboarding trick compared to a male examiner (Ronay & Hippel, 2010). More
aborted tricks (d = 0.75) and crash landings (d = 0.50) also occurred in front of the
female examiner, which increased the potential to get hurt. This aligns with previous
findings of increased risk being taken when testosterone is raised (Rupp & Wallen,
2007). The increased testosterone levels may have been influenced by the
skateboarders' attraction to the female examiner. Sexual displays in humans may be
adaptive and successful for reproduction; however, they may be costly in terms of
survival, which has been found with other species (Hunt et al., 2004). Wilson and Daly
(2004) support this notion, suggesting that the presence of an attractive woman can

increase males discounting future consequences, which can drive risk-taking further.

This study did not investigate the male subject's sexuality to fully understand their
behavior, which could have had a profound effect on the data collected. They did not
test with any other women, so they cannot discount that the presence of any woman
will cause a rise in testosterone. Cortisol levels or pre-testing testosterone
concentrations were also not taken; therefore, they cannot state for certain whether
testosterone rose or dropped with either sex observing. Lastly, testing female subjects
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for their reaction to an attractive male examiner would have given more clarity to the

data.

3.5 Directions for Future Research

Due to the limited literature available, further research is required on testosterone
priming to determine the most efficacious strategy more clearly. Most analyses
implemented video clips as the priming strategy, with only two other stimuli recorded
in this review. Also, a limited number of performance markers were implemented to
determine the efficacy of the altered hormonal homeostasis. Half of the studies used
subjective measures such as rating player match performances. Consequently, more
robust, measurable physiological markers could provide more gravitas to

understanding this topic better.

Interestingly, no studies implemented psychological techniques such as self-talk,
imagery, or music, even though many studies report improved performance when
these modalities are undertaken. For instance, Karageorghis et al. (2013) played
asynchronous music to 20 collegiate swimmers and reported a significant
improvement in a 200 m freestyle time trial of 2%. Parker et al. (2011) also showed
significant improvements in both a 50 m swimming time trial performance (0.82 s
difference; p < 0.01) and hand grip strength (2.2 kg difference; p < 0.05) after listening
to music prior to the race. Radcliffe et al. (2013) also reported an increase in
electromyographic activity, program adherence, strength, technique development,
and stress regulation via the use of imagery. Finally, Lebon et al. (2010) reported an
increase of 17.75 reps (r = 0.70) when performing the leg press exercise to failure at
80% 1RM in nine sports students after visualizing their muscles contracting before
performing the exercise. Additionally, Fukui (2001) reported that music can
significantly (p < 0.0001) increase testosterone in 35 female subjects. Thus, some

evidence exists that such priming techniques may be worth further investigating.

A limitation of the included studies is often a small sample size and lack of diversity
among the subjects. Studies would have also benefited from consistently reporting
cortisol levels alongside testosterone as these hormones work together, potentially
impacting athlete performance. Longitudinal studies would also clarify whether the
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chosen stimuli primed the testosterone or whether other factors affected results. S&C
coaches and sports professionals could use this information to provide discrete
performance improvements in training and competition. In summary, future research
is required in many populations with multiple stimuli and performance measures to

clarify the most efficacious protocol for priming testosterone for physical performance.

3.6 Conclusion

The body of literature indicates that implementing testosterone priming can
successfully improve performance measures when implemented close to the time of
performing. Particularly the use of positive video clips and an attractive female
observer with male subjects. However, with only five articles found and mixed results
from aggressive videos, this highlights the need for future research to fully understand
what elevates testosterone concentration levels during priming and what performance

markers the priming can affect.
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Chapter 4 STUDY 1

4.0 A survey into the use of priming techniques implemented by athletes and
coaches to improve athletic performance (published ahead of print in the Journal
of Strength and Conditioning Research)

4.1 Introduction

The primary role of S&C coaching is to enhance athletic performance and mitigate any
potential risk of injury (Sousa, 2019). Therefore, professional practice emphasizes
exercise prescription with the intention of creating progressive overload and sport-
specific neuromuscular adaptations. However, research suggests that the role is much
more complex, with a wide variety of skill sets (for example, creating game day
itineraries, keeping teams to a schedule, being sideline managers, and handling team
discipline) needed to maximize athletic performance (Massey et al., 2004; Radcliffe et
al., 2018). What is possibly given less consideration is how S&C coaches can directly
affect athlete training effort, behavior, and motivation, and thus further adaptions by
this means. Psychological priming (also known as “psyching-up”) of an athlete for a
given physical task has been defined as “the use of cognitive techniques designed to
improve performance before or during competition” (Tod et al., 2005). Early research
from Owen and Lee (1987) suggested that successful athletes use cognitive strategies
differently to less successful athletes and produce greater athletic performances as a
result of increased self-confidence and self-efficacy, which, in turn, helps regulate
arousal for the physical task in question. For example, Gould et al. (1992) interviewed
the U.S. 1988 Olympic weightlifting team and reported that their best performance
occurred after undertaking mental preparation techniques of visualization, positive

self-talk, and focusing on tactical strategies.

In preparation for physical activity, athletes will typically undertake a “warm-up” to
physically and mentally prepare themselves to perform (Jefferys, 2007). The mental
preparation will typically involve the implementation of cognitive and behavioral
techniques. Behavioral techniques are a nonconscious mental strategy, such as

listening to music, which potentially can alter emotions and moods, heighten arousal,
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reduce inhibition, and induce higher states of functioning (Karageorghis & Priest,
2012). Cognitive techniques involve various structured psychological frameworks.
These include imagery, self-talk, goal setting, arousal, and attentional control (Perkins
et al., 2001; Slimani et al., 2016; Tod et al., 2015). It has been postulated that these
techniques can increase focus of attention, self-efficacy, motivation, confidence,
mental activation, and physiological arousal (Brewer et al., 2019; Tod et al., 2015). For
example, goal-setting facilitates self-regulation, with the goal of defining what
constitutes an acceptable level of performance (Laukka & Quick, 2011). Therefore,
effort and specificity are central to this framework being successful (Chen & Latham,
2014).

Williams and Krane (1993) commented that athletic performance levels can be
improved when cognitive-behavioral strategies are implemented. Lebon et al. (2010)
confirmed this when reporting significant strength gains in nine sports students after
implementing mental imagery strategies during rest periods between sets in 12
training sessions over six weeks. The subjects visualized their muscles contracting for
the sled leg press. The number of repetitions completed at 80% of 1RM increased by
17.75 repetitions, representing eight more than the control group (d = 0.7) (Lebon et
al., 2010). Sprinting performance over a test distance of 30 m has also been reported
to improve when implementing a 30-second imagery technique immediately before (d
= 0.61) and at 1 min (d = 0.40) and 2 min (d = 0.30) intervals before the test, in 16
male regional sprinters (Hammoudi-Nassib et al., 2014). Therefore, the
implementation of cognitive priming techniques before undertaking an athletic

performance can potentially achieve increases in performance levels.

Gould et al. (1992) reported how athletes may use music to prime their performances.
Similar to cognitive strategies, this behavioral technique can alter emotions and
moods, heighten arousal, reduce inhibition, and induce higher states of functioning
(Karageorghis et al., 2013). For example, Karageorghis et al. (2013) reported a
significant 2% improvement in a 200 m freestyle time trial while listening to
asynchronous music (the music does not match the pace of the activity) in 20
collegiate swimmers. Research into priming for strength and power using music is in
its infancy (Karageorghis et al., 2013; Laukka & Quick, 2011; Lim et al., 2014);

however, the emerging research using music to prime strength performance has
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typically reported positive results (Karageorghis et al., 2018). Improvements in
handgrip strength by 0.63 N-kg were noted after listening to pre-task fast-tempo music
(at 126 beats per minute (BPM), played at a high audio volume of 80 decibels),

compared with matched controls (Karageorghis et al., 2018).

It has been reported that S&C coaches are in an ideal position to implement
psychological interventions in training because they are independent of the sports
coach but have regular contact with the athlete (Arvinen-Barrow et al., 2010).
Therefore, recent research has focused on understanding the knowledge, use, and
perceptions of these strategies with S&C coaches (Radcliffe et al., 2018; Radcliffe et
al., 2015; Radcliffe et al., 2013). Interviews conducted with 18 coaches identified that
they predominately use priming strategies to enhance confidence and arousal
regulation, largely through goal setting (Radcliffe et al., 2013). To gain a wider
understanding of priming strategies being used, Radcliffe et al. (2013) investigated the
employment of psychological strategies from 112 S&C coaches. Strategies ranged
from simple techniques that are easy to measure (e.g., goal-setting) to more complex
techniques that require an increased understanding of psychology (e.g., imagery);
however, the former were used far more frequently than the latter. Radcliffe et al.
(2018) reported that the reason for this was that coaches felt that they had insufficient
knowledge and an inability to inform their athletes about complex strategies. Coaches
also identified that if athletes believe the strategy is customized to them, then they are
more likely to respond positively rather than using a strategy with no personal link to

themselves.

Thus, athlete priming represents an additional strategy to maximize training intensity,
overload, and, ultimately, adaptations. However, there is a distinct lack of research
investigating the implementation of such techniques (Radcliffe et al., 2015).
Furthermore, previous research has not considered the athlete’s perspective of
priming, something that seems especially pertinent given the aim is for their
performance to improve. Linking this to the current research could demonstrate how
prevalent priming is and whether athletes are consciously believing and implementing
such strategies for the reported physiological or psychological benefits or whether they

are inadvertently undertaking these measures.
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Harnessing strategies already implemented by athletes could lead to greater
performance improvements rather than using prescriptive priming strategies. Strength
and conditioning coaches and sport scientists in general should be aware of the
various stimuli being used, and note that they can be deliberately planned. In this
study, we aim to (a) identify whether any form of priming was being implemented, (b)
what these strategies were, and (c) whether there was any coach involvement.
Understanding the evidence may assist in optimizing training interventions which aim

to enhance athletic performance.

4.2 Methods

4.2.1 Experimental Approach to the Problem

As this research area is relatively new, a pragmatic approach was taken. An expert
panel consisting of sports psychologists and S&C coaches formulated the questions
(survey) and initially piloted it on a small group of sports science students. This
process and the ensuing feedback, reflection, and subsequent edits resulted in the
design of the short anonymous survey used within this study. The survey contains
exploratory quantitative questions addressing whether athletes of varying abilities
engaged in the use of priming techniques before performance or practice. If they did,
which techniques did they use, what were their feelings toward the priming strategy,

and where did they learn or adopt it from.

4.2.2 Subjects

A convenience sample method was implemented with a total of 90 subjects from 93
fully completing the questionnaire, with three being removed because of partial
completion and subsequently not reporting enough information. Inclusion criteria
required all subjects to be a minimum age of 18 years and have a minimum training
experience of 5 years with a coach in their respective sport. Seventy-one were male,
18 were female, and one subject did not identify their sex. The median age of subjects
is 28 + 7.47 years (range, 24 — 33 years), and the median training age in their sport of
11 + 7.57 years (range, 8 — 18 years) (Table 4.1). Subject’s ability levels ranged from
those who did not compete in sport (n =7, 7.9%), to amateur (n = 54, 60.7%), semi-
professional (n =17, 19.1%), and professional (n = 11, 12.4%). Sporting backgrounds
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were from CrossFit, weightlifting, bodybuilding, powerlifting, rugby, athletics, running,
golf, hurling, Jiu-jitsu, volleyball, trampolining, gymnastics, cycling, climbing, hockey,
judo, rowing, Gaelic football, and swimming. Subjects were informed that data would
be collected anonymously and that by proceeding, they were providing their written
informed consent for their participation in the research. Ethical approval was granted
by the London Sport Institute Research and Ethics Committee at Middlesex University.

4.2.3 Procedures

This survey was administered via the online survey platform Qualtrics. This online
method was chosen because of the platform’s ease of access, user-friendly interface,
and offered a wider reach to athletes, which could potentially increase response rates.
Subjects were requested to complete the questionnaire regarding selected priming
techniques, along with open-ended questions allowing space to expand on any
strategies that were implemented. Multiple answers could be given for select
questions should the subject have chosen to do so. The survey was standardized with
all questions presented in the same order. The utilization of a quantitative approach
was suggested for improving the efficacy of future priming intervention programs. Data
were analyzed using Microsoft Excel and IBM SPSS Statistics software (version 25.0;
SPSS, Inc).

4.2.4 Questionnaire

The online survey contained 9 — 15 questions for subjects to respond to, consisting of
multiple-choice and open-ended formats for greater depth of answers
(http://links.lww.com/JSCR/A300). Specific protocols were undertaken to ensure
questions did not consist of any bias. This involved pilot testing on a comparable
athletic sample (n = 30) after a panel of experts agreed on the questioning. Part one
collected the subject’'s demographic information, reported in Table 3.1 (questions 1
through 5). Part 2 investigated athlete’s use of priming strategies (questions 6 through
9), their perceptions of its effectiveness (questions 10 and 11, which are reported in
Table 3.2), their development and support of using priming strategies (questions 12
through 14), and the timing of priming use (question 15). Multiple answers could be
given for the type of priming strategies implemented. The majority of questions

implemented binary answer questions, with select questions using a Likert scale
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(McHugh, 2013), where answers were based on existing research investigating
priming strategies (Lebon et al., 2010; Rejeski, 1985; Tod et al., 2005).

4.2.5 Statistical Analyses

Quantitative statistical analyses were conducted on survey responses. Subjects who
partially completed the demographic questions but did not complete the priming
questions were removed from the data sample. All data were initially analyzed in
Microsoft Excel. The research was summarized by calculating the percentage of
support for each answer given. Further statistical analysis was later undertaken using
IBM SPSS Statistics software (version 25.0; SPSS, Inc), with chi-square tests being
performed to determine levels of significance athletes felt toward the use of priming

interventions, with significance being determined at p < 0.05 (Lim et al., 2014).

4.3 Results

Because of the nature of specific questions asked, multiple answers may have been
given for some questions. Of the 90 subjects, 71 (78.7%) used psychological priming,
whereas 10 (11.2%) did not, with 9 (10.1%) using them with their coach. The most
popular priming strategy used (Table 4.2) was music (n = 34, 26.6%), followed by
instructional self-talk (n = 31, 24.2%), motivational self-talk (n = 29, 22.7%), physical
actions, such as stamping feet or hitting their chest (n = 25, 19.5%), watching video
clips (n =8, 6.3%), and other (n =1, 0.8%). From the nine subjects who used strategies
through their coach, motivational statements were the most frequently used (n = 6,
54.5%), followed by motivating team talks (n = 3, 27.3%) and listened to the coach’s
choice of music (n = 2, 18.2%). Of the subjects who used music themselves, the
genres listened to were rap (n =9, 18.8%), hip hop (n =8, 16.7%), rock (n =4, 10.4%),
metal (n = 4, 10.4%), rhyme and blues (n = 4, 8.3%), dance (n = 3, 6.3%), general
high-tempo (n = 3, 6.3%), instrumental (n = 3, 6.3%), house (n = 2, 4.2%), music
related to motivational films (n = 2, 4.2%), pop (n = 2, 4.2%), electronic (n = 1, 2.1%),
and techno (n = 1, 2.1%). The video clips that were viewed were of “other people
successfully lifting” (n = 5, 71.4%), “themselves successfully lifting” (n = 1, 14.3%),

and other or non-specified motivational videos (n = 1, 14.2%; Table 4.3).
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The subjects’ perception of the effectiveness of the implemented priming technique
was very positive, with “very effective” (n = 33, 50.8%) making up the majority of the
answers given. “Moderately effective” (n = 16, 24.6%), followed by “extremely
effective” (n = 10, 15.4%), “slightly effective” (n =5, 7.7%), and “not effective at all” (n
=1, 1.5%). Subjects felt priming was worthwhile because it increased their motivation
(n = 48, 38.1%), reduced fear and anxiety (n = 28, 22.2%), increased
competition/session intensity (n = 26, 20.6%), increased strength and power (n = 19,
15.1%), increased endurance (n = 3, 2.4%), and other category (n = 2, 1.6%),
consisting of, increased focus, help with strategy, prepare them for high rating of
perceived efforts, part of a routine or superstition, and increased confidence. Levels
of significance through a chi-square test found that increasing motivation was the only

statistically significant result (pc = 0.27; p = 0.011).

The origin of why priming techniques were being implemented predominately occurred
through experience and education (n = 39, 50.0%), followed by a somewhat intuitive
implementation by the athlete (n = 20, 25.6%), the coach telling them to (n = 13,
16.7%), and learned behavior from a peer (n = 6, 7.7%). These techniques were
mainly employed when training had begun (n = 44, 37.0%), before the competition (n
= 35, 29.4%), during the competition (n = 24, 20.2%), and only on maximal effort days
(n=14,11.8%).

Across all performance levels, the use of priming techniques was high, with all semi-
professional athletes implementing a technique (n = 22, 100%), followed by amateur
athletes (n = 54, 85.1%), and professionals (n =12, 83.3%) (Table 4.4). The motivation
to train was to improve performance (n = 45, 53.6%), to stay fit and healthy (n = 33,
39.3%), or another reason (n = 6, 7.1%). The most popular sports undertaken by the
subjects were CrossFit, weightlifting, bodybuilding, and powerlifting (n = 24, 30.4%),
followed by football (n = 16, 20.3%), rugby (n = 6, 7.6%), athletics (n = 5, 6.3%),
running and golf (n = 4, 5.1%), hurling (n = 3, 3.8%), Jiu-jitsu, and no sport (n = 2,
2.5%). The following sports listed have just one subject (1.3%) participating in them:
volleyball, trampolining, cycling, climbing, hockey, judo, rowing, Gaelic football,

swimming, skiing, cricket, tennis, and a retired Gaelic football player.
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Table 4.1 Demographic, competitive,

and motivation information of the survey.

Age (Median)
Training Age (Median)
Resistance Training Frequency (Median)

Sports Training Frequency (Median)

Training Level n (%)
Amateur
Semi-Professional
Professional

Does Not Compete

Motivation to Train n (%)

Improve Competition Performance
Stay Fit & Healthy

Other

28 (Range: 19 - 63)
11 (Range: 1 - 35)
4 (Range:0-11)
2 (Range 0-10)

54 (60.7%)
17 (19.1%)
11 (12.4%)
7 (7.9%)

45 (53.6%)
33 (39.3%)
6 (7.1%)

n = Number of subjects

Table 4.2 Summary of athlete’s perceptions of priming.

Count (n) Percentage (%)

Significance
(p <0.05)

How effective are priming and psyching-up strategies in improving your performance? (n = 74)

Not effective at all
Slightly effective
Moderately effective
Very effective

Extremely effective

1
5
16
33
10

1.5%
7.7%
24.6%
50.8%
15.4%

In what way do you think priming helps your performance? (n = 74)

Increases motivation

Reduces fear and anxiety

Increases competition or session intensity
Increases strength and power

Increase Endurance

Other

48
28
26
19
3
2

38.1%
22.2%
20.6%
15.1%
2.4%
1.6%

p=0.188
p=0414
p=0.515
p=0.987
p=0.614

p=0.011
p=0.214
p=0.68
p=0.367
p=0.68
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Table 4.3 Summary of athlete's use and perceptions of priming.

Count (n) Percentage (%)

Do you use psychological priming strategies?

Yes 71
No 10
Yes, directed by the coach 9

Which priming strategy do you personally use?

Music 34
Instructional self-talk 31
Motivational self-talk 29
Physical 25
Video 8
Other 1

Which priming strategy does your coach use to psych you up?

12 Athletes identified their coaches to use priming strategies. 10 answered

Motivational statements
Team talks: inspiring and motivating 3

Music

When do you use the priming technique?

When you train 44
Before your competition 35
While you compete 24
Only on maximum effort days 14
Other 2

78.7%
11.2%
10.1%

26.6%
24.2%
22.7%
19.5%
6.3%
0.8%

54.5%
27.3%
18.2%

37.0%
29.4%
20.2%
11.8%
1.7%

Significance
(p = <0.05)

p=0.791
p=0.344
p =0.968
p=0.620
p =0.088

p=0.265
p=0.163
p=0.493
p=0.971

Only on maximal effort days = training sessions involving resistance exercise of 5RM

to 1RM or when maximal intensity is required in an athlete’s training.
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Table 4.4 Analysis of priming use and perceived effectiveness.

Priming count (n) Perceived positive effectiveness of priming (%)
Performance level
Amateur 54 85.1%
Semi-professional 22 100%
Professional 12 83.3%

4.4 Discussion

This study sought to further understand whether athletes have been implementing
cognitive or behavioral priming strategies to improve physical performance. It was
identified that there was a need to obtain an assessment directly from athletes
because the majority of research to date investigated S&C coaches (Ronay & von
Hoppel, 2010; Slimani et al., 2016; Sousa, 2019). A large proportion of athletes
(78.7%) across all ability levels in this study reported using psychological priming
strategies to enhance their performance. Strategies using various stimuli were
implemented before and during training or competition. A significant relationship (pc 5

0.72; p = 0.011) was observed when priming was implemented to improve motivation.

Radcliffe et al. (2013) reported that the top 2 attributes that athletes felt were needed
for successful performances were increased motivation and confidence. This study
identified a large proportion of subjects felt their priming method improved
performance significantly (pc = 0.72; p = 0.011) via increased motivation (38.1%),
followed by reduced fear and anxiety (22.2%), competition/session intensity (20.6%),
and perceived increase in strength and power (15.1%), which are also in line with
previous research (Radcliffe et al., 2013). Interestingly, these traits have all been
shown to be associated with anabolic hormonal changes (Klinesmith et al., 2006;
Ronay & von Hoppel, 2010; von Honk et al., 2005). Cook et al. (2013) examined
associations between salivary-free testosterone and training motivation in elite male
rugby union players, and they found that changes in pre-workout free endogenous
testosterone concentrations correlated strongly (r = 0.81) with voluntary workloads.
Cook and Beavan (2013) also reported salivary testosterone concentration levels
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strongly correlated with bench press (r = 0.83) and squat (r = 0.67) performances at a
self-selected workload, as well as maximal medicine ball throws for distance (r=0.70).
Therefore, a potential association may occur between elevated testosterone
concentration levels and an athlete’s psychological and behavioral state, which
subsequently may lead to improved physical performance. The results from this
survey were in line with Cook et al. (2013), who suggested that improved motivation

and confidence levels may potentially lead to improved physical performance.

In the present study, music was the most popular mode for priming (26.6%), followed
by instructional self-talk (24.2%), motivational self-talk (22.7%), physical actions
(19.5%, such as stamping feet, clenching fists, or jaw, slapping head or back), and
watching video clips (10.8%). Karageorghis and Priest (2012) reported that the effect
of music magnifies an athlete’s psychological state and physical performance levels.
Listening to music before undertaking a 50 m freestyle race showed significant
improvements in both swimming race performance (0.82 s difference; p < 0.01) and
handgrip strength (2.2 kg difference; p < 0.05) (2011). Eliakim et al. (2007) also
reported similar results after 12 male and 12 female volleyball players undertook a 30-
second Wingate test and significantly (p < 0.05) increased peak anaerobic power from
10.7 to 11.1 W-kg after arousing music was played during a 10 min warm-up. In
addition, the use of music has been shown to significantly improve anaerobic
endurance when holding a 1.1 kg dumbbell extended in front of the body until muscular
failure in 58 physically active subjects (11% improvement; d =5 0.4) (Crust & Clough,
2006). Miller et al. (2010) also reported that music can significantly increase low- to
moderate-intensity endurance oxygen uptake (1.18 ml-kg-min difference), minute
ventilation (3.91 I-min difference), enjoyment (3.35 points higher out of a score of 10),
and reduced subjects’ rating of perceived effort (0.65 difference) in 20 university
students when running at 78% heart rate maximum, for 20 mins on a treadmill. More
recently, Moss et al. (2018) reported small to large effect size (0.2 — 1.2) improvements
in muscular strength in 16 university students when listening to self-selected music
while undertaking the back squat and bench press at 60 and 70% 1RM to repetition
failure. The increases in muscular endurance may be the result of an ergogenic effect
of delaying fatigue or increasing work capacity through the impedance of physiological
feedback signals associated with physical exertion (Karageorghis & Priest, 2012).
However, this effect seems to have little impact on high-intensity running (MacDaugall
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& Moore, 2005). It has been reported that this is the result of lower information
processing abilities to external stimuli at high intensities (Ronay & von Hoppel, 2010;
Tod et al., 2015); thus, it seems that music may have a more prominent effect on high-
intensity efforts compared with low-intensity exercise bouts. Interestingly, the ideal
music tempo seems to be 120 bpm because this is the cutoff point from varying music
aesthetics, neurophysiology, and human locomotion (Hirasaki et al., 1999;
MacDougall & Moore, 2005; Slimani et al., 2016). It is a tempo that reflects natural
rhythmicity (MacDougall & Moore, 2005) and could potentially be the point whereby
the intensity switches to a higher level.

Interestingly, imagery was not reported to be used by any subjects in the present
study. Research has shown that increased electromyographic activity, strength,
technique development, program adherence, and stress regulation are all achieved
via the use of imagery (Radcliffe et al., 2013). Imagery is a complex strategy to
implement because of greater emphasis on psychological elements (Radcliffe et al.,
2013); therefore, the lack of implementation could be the result of athletes not being
exposed to such a technique or given specific guidance or coaching on how to
undertake the strategy. The self-talk technique was also employed by only half of the
present sample, despite existing research supporting its use because of increased
arousal, confidence, belief, muscular strength, and power (Tod et al., 2003). These
findings potentially indicate that it could be an underused priming strategy. However,
self-talk has been shown not to elicit as favorable results for improving muscle
endurance markers compared with preparatory arousal, goal setting, and free-choice
psych-up (Tod et al.,, 2015). Also, when compared with motivational self-talk,
instructional and cognitive restructuring self-talk (to modify or replace negative
thoughts) did not produce positive results (Tod et al., 2015).

The timing of implementing a priming strategy was preferred to be undertaken during
training (37.0%), followed by before competition (29.4%), during competition (20.2%),
and on maximal effort days (11.8%). Research into the efficacy of implementing
priming strategies at varying times seems to be sparse. However, Crust (2006)
reported that listening to music for the entirety of holding a 2.2 kg dumbbell horizontally
in front of the body was more efficacious by 7.5 s than only listening before the task in
27 male undergraduate students. Elliott et al. (2005) also implemented motivational
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music during a 20 min cycle at 60 — 80% of maximum heart rate in 18 students and
found that distance covered increased by 0.99 km compared with no music played.
Priming strategies implemented pre-task appear to be more common. For example, a
self-selected psychological “psych-up” significantly improved peak torque by 61 N
(11.8%) during a five-rep chest press in 20 adults when performed 1 min before the
test (von Honk et al, 2005). Hammoudi-Nassib et al. (2017) also reported
improvements of 5.7% in 30 m sprint performance when a “psych-up” with imagery 30
s before undertaking the task in 16 student male sprinters. Positive results associated
with using imagery pre-task for high-intensity exercise could be the result of the
anxiety-reducing benefits that run alongside the increase in self-confidence and
motivation (McHugh, 2013), which may not occur with music. Interestingly,
Peynirocioglu et al. (2000) found basketball free-throw shots significantly improved (p
<0.01) by 14 completed baskets after 120 students performed a self-selected imagery
strategy before performing the task. This may indicate that psychological priming could
also improve skill-based performance markers when implemented before a given task.
However, with research on the implementation of non-music strategies during
competition being sparse, based on the current literature, the efficacy of the timing of
priming strategies and whether the techniques elicit positive results with high-intensity

tasks is mixed and requires further research.

An additional aim of this study was to understand whether athletes recognize that their
coaches are incorporating priming strategies because this may be the most viable way
to support the implementation of such techniques. The results indicate that only 10.1%
of coaches used priming strategies to support their athletes’ performance. Of these
athletes, 9.0% were professional, 27.3% were semi-professional, and 63.7% were
amateur, with amateur athletes better supported by their coaches. However, coaches
of professional athletes may not have been using conscious priming techniques but
rather passive subtle techniques such as images on walls whereby the athletes were
only subconsciously aware of them. Nonetheless, Radcliffe et al. (2018) reported that
coaches felt that they did not have the requisite skill levels to integrate appropriate
psychological strategies but were aware of their importance and significance. This
would align with the results from this study whereby only 44.4% (n = 4) of the semi-
professional and professional athletes implemented the use of a coaching priming
strategy. Radcliffe et al. (2013) reported a much higher use of psychological strategies
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from coaches. The disparity in findings could be interpreted in a couple of ways:
coaches use them with a select few athletes, or athletes may not acknowledge or

realize the use of certain strategies.

It has been previously identified by coaches that one of the barriers to implementing
priming strategies is the perceived negative attitude athletes have toward learning and
using these techniques (Radcliffe et al., 2018). This study reported that priming
strategies were used by 88.8% of subjects. However, this result could be the result of
differing perceptions of priming. For example, coaches may not consider physical
actions or watching videos as priming, whereas athletes may. Aligning definitions
between coaches and athletes would eliminate any confusion and potentially increase
strategies being implemented and should be a source for future research, particularly
as these findings would suggest that athletes’ perceptions toward priming strategies
are potentially not as skeptical as coaches may believe. Results here also support the
lack of coach involvement toward priming, with few coaches encouraging their athletes
with these methods; however, athletes were intuitively undertaking priming strategies
regardless that they had a positive perception toward them. If coaches had greater
knowledge and confidence in priming strategies, they may be able to consider using
them for the purpose of performance enhancement. The findings from this study would
indicate that at an organizational level, perhaps psychological, strategies could be

given greater consideration with the education of coaches.

A limitation of this study is the small sample size of professional athletes (n = 11)
surveyed, along with the relatively small subject number from the various sports, with
many sports represented only having one subject. Additionally, greater description
should have been given to the questions asked, along with a greater number of
questions to gain more depth; for example, this investigation failed to ask how long
before training priming occurred and how priming knowledge was obtained. Therefore,
further research is required to determine the efficacy of the physiological effects of the
preferred priming strategies and their subsequent effect on athletic performance

through a wide range of sports and athletic abilities.
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4.5 Conclusion

This study shows that a significant proportion of athletes from all performance levels
questioned felt that their priming technique improved performance, particularly the use
of the behavioral stimulus of listening to music and physical actions, along with
cognitive motivational self-talk. This provides potential direction in targeting
techniques for specific strategies to be developed. As cognitive and behavioral
psychological priming strategies were similarly undertaken, S&C coaches should,
therefore, be equipped to develop both for their athletes. To facilitate this, sporting
organizations should allow such opportunities for S&C coaches to access educational
workshops or mentorships with sports psychologists to develop their knowledge and
confidence to implement psychological strategies to improve preparation for training

and competition.
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Chapter 5 METHODOLOGIES

5.1 Introduction

Applying the results from Chapter 3, the systematic review with meta-analysis, and
Study 1 (Chapter 4), a survey into the use of priming techniques implemented by
athletes and coaches to improve athletic performance, these identified the direction
the following investigations should take. These studies investigate the effect of priming
techniques that were either already used by participants from Study 1, previously
explored in the systematic review, or had yet to be examined upon various physical
performance markers. Each study's methodologies maintained a similar protocol to
compare the primers' efficacy. Each study altered either the primer and/or physical
performance marker. The overall methods for all four of the following studies are
below.

5.2 Experimental approach to the problem

Each study conducted a randomized cross-over design using a convenience sampling
method, whereby subjects undertook either a CMJ or IMTP or a self-selected load in
16RM back squat, 3RM back squat, four sets of a 4RM bench press, or a 65% 1RM
back squat to failure. These tests measured power, maximal strength, muscular
strength, and strength endurance. Force plates (Hawkin Dynamics Inc, USA) were
used to measure jump height, peak power, reactive strength index modified (from the
CMJ), and peak force. A “push band” (Push Inc, Toronto) was implemented to
measure average barbell velocity. Given participation availability and COVID
restrictions, subjects partook in one, two, or three interventions. Therefore, results are
split into individual interventions. The same protocols were administered in each
intervention. During the 15-minute warm-up prior to the testing, subjects either partook
in (a) listening to SSM, (b) implementing MSTI, (c) undertaking MST, (d) being filmed
for SMO on an iPhone 12 smartphone (Apple Inc, California, USA), (e) being observed
in person, or (f) passively (CON group) warming up. Before the interventions and post-
warm-up, subjects provided saliva samples to analyze salivary testosterone and

cortisol concentration levels.
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5.3 Procedures

On arrival at the testing facility and in a randomized order, subjects gave a saliva
sample, followed by undertaking an intervention for five minutes of either MST with/
without imagery, listening to self-selected music, being observed, or a control
condition. A physical warm-up then proceeded consisting of a 15-minute standardized
‘RAMP” (raise heart rate, activate and mobilize joints, followed by potentiating the
body) protocol (including ten inch worms, ten front lunges per side, ten “world's
greatest stretch” per side, ten single-leg glute bridge per side), followed by three sets
of five reps at a self-selected load of either a bench press or back squat exercise. Load
increased each set by a self-selected amount, with a two-minute rest (Sheppard &
Triplett, 2016) before preparing to undertake a physical test. A second saliva sample
was then taken. The allotted time of twenty minutes between silva samples was given
as changes in salivary testosterone concentration levels can be seen after fifteen
minutes, and cortisol concentration levels can peak ten to fifteen minutes after a
stressful situation (Molina et al., 2013; Hannibal & Bishop, 2014; Cook & Crewther,
2012). The time of day of the testing session was standardized to account for the daily
circadian rhythm with the natural fluctuations in cortisol and testosterone (Kraemer et
al., 2001). At least 72 hours separated each condition tested. Before testing, all
subjects had a familiarization session, which enabled the determination of either the
IMTP bar height, the 4RM bench press load, the 16RM, 3RM, or 65% 1RM back squat
load, and aiding in determining the music playlist (for the self-selected music condition)

and engagement in self-talk with/without imagery (see Figure 5.1).
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Upon arrival saliva
samples taken

Intervention (a) Intervention (b) Intervention (c) Intervention (d) Intervention (e) Intervention (f)
self-selected motivational motivational observed via observed in passively sit
music self-talk with self-talk social media person
imagery

15-minute RAMP
warm-up. Allowing
time for hormones to

become systemic

Saliva sample taken

4 X 4RM bench 65% 1RM back Isometric Counter-
3RM back squat 16RM back squat
press squat midthigh pull movement jump

Figure 5.1 Experimental design.

5.4 Motivational self-talk

Subjects were given a script containing positive motivational statements (Hardy,
2006), which was followed by external coaching cues (Winkelman, 2018) consisting
of phrases: "l WILL push the floor away," "I CAN push this barbell up," and "I WILL
explode up." If subjects had a phrase they preferred to use that was not listed, this
was allowed and refined during the familiarization session. For the added imagery
component, subjects were given an imagery script containing elements of the
‘PETTLEP” (physical, environmental, task, timing, learning, emotion, and perspective)
imagery framework (Holmes & Collins, 2001) and guided to imagine a positive emotion
while visualizing themselves performing the subsequent tests successfully, either as
though they were watching themselves on television or looking through their own eyes.
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When combining motivation with imagery, this procedure is classified as motivational-
general and cognitive-specific imagery, with subjects reciting to themselves their
motivational statements while positively feeling and seeing themselves performing a
successful task (Hall et al., 2009; Noordin & Cumming, 2008).

5.5 Self-selected music

The psychological effect of music can be very individualized, with influences on
emotions, mood, behavior, attitudes, and cognition affecting everyone differently
(Terry & Karageorghis, 2006; Karageorghis & Terry, 1997). Therefore, subjects self-
selected the music of their choice rather than implementing pre-selected music as long
as the songs were of the required bpm, as rhythm and tempo have been shown to
prompt physical reactions to enhance performance (Terry & Karageorghis, 2011).
Therefore, in line with Karageorghis (2018), who reported increases in handgrip
strength when 52 male athletes listened to songs at 125 bpm and at the loudest
decibel of 90. Therefore, subjects were asked to listen to songs in a Spotify playlist
called “125 bpm songs,” which contained songs with a BPM of 125. Subjects used
their headphones with their smartphones and were asked to play the music at the

highest audio level.

5.6 Social media

In recent years, social media platforms have enabled a virtual observer effect.
Therefore, a novel approach was implemented. As the subjects warmed up, they were
continuously observed with a mounted iPhone 12 camera. The mounted camera was
known to the subjects, and they were told that the film was to be uploaded to the

university's social media platforms.

5.7 In-person observation

As the subjects warmed up, they were continuously observed in person. Ten in-person

strangers whom the subjects did not know and were masters-level college students

would stand on the edge of the room, observing the subjects through the whole
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intervention. To blind the subjects, they were told the students happened to be in the
facility by chance. This is a novel experiment that has yet to be researched.

5.8 4RM Bench press

The bench press test was undertaken four minutes after the final warm-up set. The
protocol was standardized, with all subjects told to lay supine on a bench with eyes
below a racked bar. Both hands were pronated and positioned slightly wider than
shoulder-width apart so that the elbows were at a 90-degree angle at the bottom of
the movement, whereby the bar touches the chest (Baechle & Earle, 2008). A 4RM
load was investigated as strength is a critical athletic characteristic. Therefore, could
subjects be primed to a level whereby they could overcome their previous best effort.
The load lifted was recorded in kilograms (kg) using an International Weightlifting
Federation (IWF) Olympic competition barbell and plates (Eleiko; Halmstad, Sweden).
An accelerometer training device was attached to the barbell to test velocity (m/s) for
all four reps ("Push Band"; Push Inc, Toronto) to determine whether the barbell was
being pushed quicker after the intervention. Callaghan et al. (2022) report that the test-
retest reliability of this accelerometer is reliable at all loads (ICC = 0.79 — 0.92; CV
2.63 — 6.89%) except at 20% 1RM in the bench press and back squat (ICC 0.49 —
0.64; CV = 3.13 — 3.62%). Additionally, Lake et al. (2019) report that the “Push Band”
peak velocity measure at 60% (ICC = 0.836 —0.983; CV 1.2 - 7.2%) and 90% (ICC =
0.866 — 0.986; CV 2.3 — 7.1%) 1RM in the bench press is reliable and that compared
to motion capture the “Push Band” is valid (mean difference at 60% 1RM -5%; at 90%
-14%). Therefore, it is acceptable to implement this device for these studies. A four-
minute rest period whereby the subject sat on the bench was taken between the four
sets to allow for adequate recovery. The researchers provided no verbal

encouragement. Reps not completed were classified as failed and recorded as 0 kg.

5.9 Countermovement jump

Lower-body power is a critical component in many sports. Therefore, a CMJ test was
implemented with the metrics of jump height, modified reactive strength index, and
peak power assessed. Post-warm-up and once the examiner is ready, the subjects
stand on the portable force plate (Kistler 9286 Force Plates, Winterthur, Switzerland;
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measurement range Fx and Fy =-2.5 — 2.5 kN and Fz 0 — 10 kN; sample frequency
set at 1000 Hz; calibrated using subject body weight to detect force plate accuracy)
with hands on hips, upright trunk, and feet shoulder-width apart. On the mark from the
examiner of “go,” they then dropped down for a short self-selected countermovement
before using maximal effort to jump as high as possible, keeping their legs straight,
with no knee tuck, and their feet in a dorsiflexion position. Subjects performed three
trials, with three minutes of rest between each trial. The highest CMJ was used for
statistical analysis. The researcher gave no verbal encouragement. Kistler BioWare
5.3 software was used to collect the data from the force plates, converting the trials
into useful information. Chavda et al. (2017) Microsoft Excel spreadsheet was
implemented to interpret the information gathered. Lastly, Kistler force plates were
used as they have been reported to have high test-retest reliability (ICC 1.00) and very
good validity score with a high correlation with the My Jump 2 app (r = 0.999, p =
0.001) when performing a CMJ (Plakoutsis et al., 2023).

5.10 Isometric midthigh pull

Using Kistler force plates and an Absolute Performance isometric rig (Cardiff, UK), the
IMTP test assessed peak force (N) output and force at 100, 200, and 300 m/s as in
various sports, applying force rapidly is deemed important in actions such as change
of direction, jumping, and throwing (Newton & Kraemer, 1994). 30 m sprint
performance was significantly correlated (p < 0.05; r = 0.433) to force output at 100
m/s in 25 collegiate soccer players (Kuki et al., 2017). Mason et al. (2021) also
reported very large correlations between IMTP and maximal sprint speed and 100,
150, and 200 m/s (r = 0.51, r = 0.66, r = 0.76, respectively) in eleven professional
soccer players. Keogh et al. (2020) that maximal force, absolute peak force, and force
at 150, 200, and 250 m/s are reliable (ICC 0.91, CV 9.8%), and James et al. (2017)
report that peak force measured on portable force plates is highly reliable (ICC 0.96,
CV 9.2%) and an acceptable validity score of ICC = 0.88 and CV of 9.2% against a
fixed force plate. This test has also been strongly related to 1RM in lower body
exercises; for example, Witt et al. (2016) reported a significant (p < 0.05) correlation
between IMTP and a 1RM deadlift exercise (r = 0.88) in nine subjects. This is a
multijoint, fixed-position isometric test, which replicates the “second pull” position of
the clean or snatch weightlifting movement, which is the moment the highest forces
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and bar velocities are generated during these weightlifting exercises (Beckham et al.,
2018). Four minutes after performing the CMJ, subjects stand next to the force plate,
once the examiner is ready, they stand on the force plate with their knees flexed to an
angle between 125-135° and hips 140-150° (Beckham et al., 2018). On the examiner’s
mark of “go,” subjects pull against a fixed bar set anteriorly to the thighs for five

seconds using maximal force. The researcher gave no verbal encouragement.

5.11 Back squat

Back squat tests were undertaken four minutes after the final warm-up set. If the
attempt failed, a three-minute rest was given before their next attempt with a 3 kg
reduced load. This process was replicated until an attempt had been completed.
Before performing the test, squat depth was calculated whereby the thigh descended
to a parallel position with the head of the femur in the same horizontal plane as the
superior border of the patella (Coutts et al., 2007). A box was then positioned
posteriorly to the subject at the abovementioned height as they performed the
exercise, controlling the individualized depth across all trials. Barbell load was
recorded in kg using an IWF weightlifting competition Olympic barbell and plates
(Eleiko; Halmstad, Sweden). An accelerometer ("Push Band"; Push Inc, Toronto)
training device was attached to the barbell to determine the average velocity (m/s) for

all reps. No verbal encouragement from the researcher was used.

5.12 Saliva sampling

Subjects were asked to refrain from eating or drinking for two hours before testing and
to arrive at the laboratory at the same time for each session. This is due to the effects
of the circadian clock, which is an endogenous biological “clock” driven by
environmental cues which sets physiological rhythms, including hormonal secretions
over a 24 hour period. As a result, testosterone and cortisol incur the largest secretion
in the morning and slowly decrease throughout the day (Dickmeis, 2009). Subjects
had saliva samples taken on arrival at the laboratory, and after the warm-up, they were
asked to place a sterile swab in their mouth and allow saliva to soak in for two minutes.
The swab was removed, placed into salivate collection tubes (Sarstedt, Leicester, UK),
and stored at -80°C. Before biochemical analysis, samples were thawed and
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centrifuged at 3000 revolutions per minute for three minutes to obtain clear saliva with
low viscosity. Salivary testosterone and cortisol levels were determined by employing
a commercially available enzyme-linked immunosorbent assay (ELISA, IBL-Hamburg,
Germany. See Appendix C) with detection limits of 20 and 0.4 nanomoles per liter
(nmol/L). ELISA salivary hormone testing is significantly correlated to blood serum
testing in both testosterone and cortisol (r = 0.96, p < 0.001 and r=0.91, p < 0.001,
respectively). Male testosterone testing results have a higher correlation than females
(male r = 0.91 and female r = 0.62) (Salimetrics, 2022; Salimetrics, 2021). Evans
(1996) states that the magnitude of a correlation above 0.60 is strong; therefore, a
mixed sample method was implemented. Additionally, the subjects' results will be
compared to themselves. Therefore, the results of pooling are unaffected. The
precision of the testing for the studies was estimated by the coefficient of variation. In
Johnson’s (2009) article researching the assessment of salivary hormones, he reports
that intra- and inter-assay CV of less than 10% is considered good; therefore, for this

study, the intra- and inter-assay coefficients of variation (COV) were set to below 9%.

5.13 Statistical analysis

Statistical analysis, including intraclass correlation coefficient and standard error of
measurement (SEM) to measure reliability were completed using Microsoft Excel and
IBM SPSS Statistics 27. Endocrine markers, bench press and back squat loads,
barbell velocity, IMTP, and CMJ were analyzed using repeated measures ANOVA with
Bonferroni Post hoc analysis. Repeated measures ANOVA testing are robust to
violations of normality (Field, 2013), which are likely when measuring salivary
testosterone and cortisol outside of highly trained athletes (Crewther et al., 2011;
Turner et al., 2017). It has been reported that elite athletes’ hormone responses can
differ considerably from lesser-trained as these individuals are more sensitive to stress
due to their bodies not being efficient at regulating stress responses. Physical exercise
stabilizes hormonal responses through repeated exposure and adaption, becoming
more resilient to fluctuations (Montoya et al., 2011). Statistical significance was set at
an alpha level of p < 0.05. Practical differences were examined using effect size
analysis (Hedges g) with magnitudes of difference interpreted according to Cohen
(1992), whereby < 0.20 = trivial; 0.20 — 0.49 = small; 0.5 — 0.79 = moderate; > 0.8 =
large. Ninety-five percent confidence intervals (Cl) were also calculated per Hedge
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and Olkin (2014). Effect sizes and 95% CI were calculated using Microsoft Excel. Data
for testosterone and cortisol were analyzed as a percentage change (+ SEM) from
each testing day's baseline, and barbell loads, velocity, IMTP, and CMJ were
assessed as a percentage change (x SEM) from the control condition. Individual case
study analysis was undertaken to identify high and low-endocrine individual responses
to the interventions. Lastly, subject participation numbers were calculated at a
minimum of 24 from a priori power analysis (using G*Power (Version 3.1, University
of Dusseldorf, Germany), implementing a statistical power of 0.8 and type 1 alpha
level of 0.05).
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Chapter 6 STUDY 2

6.0 Changes in salivary testosterone concentrations and voluntary back squat

performance following motivational self-talk with imagery or self-selected music

6.1 Introduction

Before competition or training, performing a warm-up is a widely accepted practice to
physically and mentally prepare for an upcoming event (Jeffreys, 2007). It is well
established that increasing blood flow, muscle, and core temperature through physical
preparation improves the rate of force development, muscle strength and power,
oxygen delivery, and metabolic reactions (Bergh & Ekblom, 2001; Enoka, 2002;
Hoffman, 2002; Jeffreys, 2007; McArdie et al., 2001). To achieve this, Jeffreys (2007)
suggested the 'RAMP' warm-up protocol to “raise” the heart rate, “activate” and
“‘mobilize” muscles and joints, and “potentiate” the effectiveness of the subsequent
performance task. However, the mental aspect of warming up appears to lack a similar
emphasis and protocol. Pre-competition speeches by coaches are routine to try and
motivate and instill confidence, as is the use of sports psychology techniques, such as
motivational self-talk and imagery, to boost self-esteem, manage stress, and provide
focus (Cook & Crewther, 2012). These methods are often referred to as 'priming.'
When athletes are without a coach or sports psychologist, the implementation of
priming is possibly absent altogether due to the lack of knowledge, value, and
protocols (Pain & Harwood, 2004). Unlike physical warm-ups, there appears to be a
dearth of supporting research assessing the efficacy of mental priming interventions

and how they relate to improving physical performance.

Strength and power-based athletes have naturally used cognitive strategies during or
prior to training or competition to "psych" themselves up (Tod et al., 2005). A
systematic review of 18 studies determined that an increase in muscular strength was
evident (61 — 75%) after implementing cognitive psyching-up strategies involving
imagery, self-talk, goal setting, preparatory arousal (a self-directed activity to increase
emotional arousal), and free choice (Tod et al., 2015). Self-talk is defined as “self-

addressed verbalizations that can serve both instructional and motivational functions”
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(Blanchfield et al., 2013, p. 999). It has been proposed to enhance sporting
performance (Tod et al., 2011), regulate effort, and enhance motivation (Hardy et al.,
2015). Blanchfield et al. (2013) reported the effects of motivational self-talk on 24
recreationally trained subjects, cycling at 80% peak power output to exhaustion. Both
time to exhaustion (d = 0.69, p < 0.05) and rating of perceived effort (d = 0.80, p <
0.05) showed significant improvement. Hypothesized mechanisms for the positive
effects include increasing concentration, focus, and confidence, decreasing anxiety,
and increasing neuromuscular drive, with the latter attributable to the release of
catecholamines (Tod et al., 2015). However, there is a paucity in the literature
regarding the extent to which performance can be enhanced and the mechanisms

involved when using self-talk (Tod et al., 2011).

Another cognitive technique often used is imagery, which is proposed to be the link
between physical and imagined movements and has become a widely used
stimulation and performance-enhancing tool (Holmes & Collins, 2001; Slimani et al.,
2017). It has been defined as “an experience that mimics real experience and involves
using a combination of different sensory modalities in the absence of actual
perception” (Cumming and Ramsey, 2009, p. 5). Ranganathan et al. (2004) showed
that elbow flexion strength increased by 13.5% in 24 healthy subjects compared to a
control group when motor imagery was incorporated for five times 15-minute training
sessions each week for 12 weeks. However, it has been postulated that the effects of
self-talk and imagery may be enhanced when combining the two methods, as self-talk
may improve the quality of the imagery (Hardy et al., 2001). Cumming et al. (2006)
investigated the effect of psychological priming by comparing positive facilitative
imagery and self-talk (“I will hit the bull’s eye”) against negative debilitative imagery
and self-talk (“ will miss the bull’s eye”) on dart-throwing accuracy. Imagery and self-
talk scripts were given to subjects; they were told to vividly visualize the simple self-
talk statement immediately before throwing the dart. Results revealed that 95
undergraduate students threw more darts closer to the bullseye when implementing
the facilitative priming before performing the test than when they used the negative
debilitative priming (p < 0.006). This result may indicate the potential effects of
implementing both motivational priming strategies together. However, further

investigations with similar study designs are warranted to corroborate this theory.
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A survey of 90 athletes reported that 89% implemented at least one priming strategy
before or during training or competition, with the most popular method being music (46
%) (Collins et al., 2021). Music appears to be an essential component of pre-
competition routines for athletes, which has generally produced positive results
(Bishop et al., 2007; Biagini et al., 2012). Evidence suggests this is accomplished by
music altering or regulating mood, evoking memories, and raising spirits.
Consequently, this increases work output, heightens arousal, induces a higher state
of functioning, and reduces inhibitions (Karageorghis & Priest, 2012). For example,
when music was played continuously during a 200 m freestyle trial in 20 collegiate
swimmers, performances improved significantly by 2% (p < 0.05) (Karageorghis et al.,
2013). Similarly, in 12 healthy male student cyclists, when music tempo was increased
by 10%, their distance covered improved significantly by 2.1%, power by 3.5%, and
pedal cadence by 0.7% (p < 0.05) (Waterhouse et al., 2009). Handgrip strength has
also been shown to increase in 153 senior (65+ years of age) subjects when listening
to their favorite music compared to their least favorite (d = 0.42) (Elzen et al., 2020).
Ishak et al. (2020) report that endocrine changes in testosterone, cortisol, and oxytocin
concentration levels may induce these positive effects, along with alterations in
salivary immunoglobulin A, heart rate, and blood pressure levels. Additionally, it is
postulated that increases in testosterone may induce risk-taking behaviors, which
drive motivation. However, there appears to be a dearth of research examining music's
effect on hormones and physical performance. A systematic review of music's effect
on the endocrine system revealed that only three studies had investigated this
phenomenon (Ishak et al., 2020). Mixed results were reported as the aims of the other

studies were to relax the subjects rather than arouse them.

To bridge the gap in the literature, the overall aim of this study was to investigate the
psychological interventions and priming capability of listening to SSM or engaging in
MSTI on testosterone concentration levels and its subsequent 3RM back squat
performance against a control condition. The release of cortisol will also be
investigated to explain the mechanisms at work given these hormones' antagonistic
relationship on account of a dual-hormone hypothesis, whereby testosterone’s effects
are inhibited when cortisol is high and vice versa (Dekkers et al., 2019). Cortisol has
been reported to have an inhibitory effect on Leydig cell function, which subsequently
results in a decreased production of testosterone (Brownlee et al., 2005; Cook &
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Crewther, 2014; Mehta & Josephs, 2010; Mehta & Prasad, 2015). This reciprocal
inhibition has been termed functional crosstalk (Dekkers et al., 2019). It is
hypothesized that these psychological methods will decrease cortisol and increase
testosterone, producing surges in risk-taking and consequently enhancing

performance in the 3RM back squat.

6.2 Methods

Please see Chapter 5 for the relevant methodology and statistical procedures.

6.2.1 Subjects

Nine healthy collegiate adult males (22.4 + 2.1 years, 178.1 £ 8.2 cm tall, and a mass
of 75.6 £ 9.2 kg) and six healthy collegiate adult females (22.5 + 3.7 years, 168.9
4.7 cm tall, and a mass of 67.8 £ 11.2 kg), all in good health and free from injury, with
at least three years resistance training experience, volunteered to participate in this
study. Subjects were classed as recreational, attending the gym at least twice weekly.
All subjects provided informed consent, with study procedures meeting Middlesex
University’s ethical approval.
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Figure 6.1 Experimental design.

6.3 Results

No statistically significant differences were noted in 3RM (p = 0.61), testosterone (p =
0.28), or cortisol (p = 0.89) markers. Compared to the CON (91 + 22 kg) condition,
there was a practically small increase in 3RM back squat load lifted in the MSTI (96 +
23 kg, g = 0.22, 95% Cl, -0.10, 0.54) and SSM (97 + 25 kg, g = 0.26 95% Cl, -0.23,
0.75) conditions, corresponding to a change of 5.2% and 6.4% respectively (Figure

6.2 and 6.3). Intraassay COV was 8.1%. Salivary testosterone concentrations were

84



increased by MSTI 113 + 38% (g = 0.39, 95% CI -0.27, 1.06), SSM 120 + 35% (g =
0.66, 95% CI1 -0.06, 1.37), and CON 100 + 22% (Figure 6.4 and 6.5). Salivary cortisol
concentrations were CON 101 £+ 33%, MSTI 99 + 24 %, and SSM 103 + 31%, which
led to trivial effects sizes for both conditions of MSTI g = 0.08 (95% CI -0.56, 0.71) and
SSM g = 0.07 (95% CI -0.55, 0.70) (Figure 6.6 and 6.7). As a consequence, the TC
ratio (p = 0.68) resulted in the CON 9 + 45%, MSTI 20 + 48%, and SSM 22 + 35%,
equating to small effect sizes of MSTI g = 0.23 (95% CI -0.41, 0.87) and SSM g = 0.31
(95% CI -0.34, 0.96) (Figure 6.8 and 6.9). However, there was no statistically
significant correlation in any of the interventions between 3RM, testosterone, or
cortisol (CON 3RM - testosterone r = 0.11, CON 3RM - cortisol r = 0.25, MSTI 3RM
— testosterone r = 0.25, MSTI 3RM — cortisol r = 0.06, SSM 3RM - testosterone r =
0.41, SSM 3RM - cortisol r = 0.27).

g=0.26
95% CI -0.23, 0.75
140 < >
g=022 g=0.05
120 95% CI-0.10, 0.54 + 95% CI-0.10, 0.19
_100
2
580
[0
=
160
e
]
S 40
z
20
0
Control MSTI SSM
Interventions

Figure 6.2 The mean 3RM back squat load lifted in kilograms for the motivational self-
talk with imagery (open bars), self-selected music (grey bars), and control (black bars)

conditions with standard deviation. g = effect size, and Cl = 95% confidence intervals.
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Figure 6.3 The individual 3RM back squat load lifted in kilograms for the motivational
self-talk with imagery (open bars), self-selected music (grey bars), and control (black

bars) conditions.
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Figure 6.4 The mean percentage change in testosterone concentrations in the
motivational self-talk with imagery (open bars), self-selected music (grey bars), and
control (black bars) conditions with standard deviation. g = effect size, and Cl = 95%

confidence intervals.
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Figure 6.5 The individual percentage change in testosterone concentrations in the
motivational self-talk with imagery (open bars), self-selected music (grey bars), and

control (black bars) conditions.
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Figure 6.6 The mean percentage change in cortisol concentrations in the motivational
self-talk with imagery (open bars), self-selected music (grey bars), and control (black
bars) conditions with standard deviation. g = effect size, and Cl = 95% confidence

intervals.
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Figure 6.7 The individual percentage change in cortisol concentrations in the
motivational self-talk with imagery (open bars), self-selected music (grey bars), and

control (black bars) conditions.
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Figure 6.8 The mean percentage change in testosterone to cortisol ratio
concentrations in the motivational self-talk with imagery (open bars), self-selected
music (grey bars), and control (black bars) conditions with standard deviation. g =
effect size, and Cl = 95% confidence intervals.
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Figure 6.9 The individual percentage change in testosterone to cortisol ratio
concentrations in the motivational self-talk with imagery (open bars), self-selected
music (grey bars), and control (black bars) conditions.

6.3 Discussion

The present study investigated psychological interventions of listening to SSM and
MSTI on testosterone and cortisol concentration levels and their priming capability on
a subsequent 3RM back squat against a CON of passively sitting in a silent room. Post
hoc analysis found no statistically significant changes compared to control subjects
and no correlation between endocrine markers and 3RM back squat performance;
however, small and moderate positive effect size changes were noted in 3RM back

squat load lifted, testosterone, and TC ratio.

Both MSTI and SSM strategies produced an improved 3RM back squat by 5 + 2 kg
(5.8%, g =0.22,95% CI-0.10, 0.54) and 6 £+ 4 kg (7.1%, g = 0.26, 95% CI -0.23, 0.75)
respectively, with testosterone increasing by 12.5%, g = 0.39 (95% CI -0.27, 1.06) and
19.9%, g = 0.66 (95% ClI -0.06, 1.37) respectively. These findings are similar to those
of Cook and Crewther (2012), who reported that psychological strategies could prime
a 3RM back squat. When testosterone concentration levels have increased, they can
increase the release of catecholamines neurotransmitters adrenaline, noradrenaline,
and dopamine, which can lead to instantaneous recruitment of muscle mass, increase

in intracellular calcium levels, and subsequent muscular strength (Turner, 2010;
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Kraemer et al., 1991; Tod et al., 2003). However, the absence of a correlation reported
is contrary to Crewther et al. (2012), who reported a correlation of r = 0.92 between
testosterone and a 1RM back squat, but is in line with West and Phillips (2011), who
reported no association between acute testosterone secretion and leg press strength.
Although the practical differences in our findings are small to moderate, collectively,
these changes throughout a training program could potentially lead to meaningful
improvements in performance over time. Additionally, Cl analysis suggests that some
individuals may experience large positive changes while others may have small
detrimental changes. Therefore, this form of psychological priming should be
developed individually and may require training to implement it. Equally, these priming
strategies are quick, easy, and free. Although a statistical correlation did not occur
through this study, had the sample size been larger and more homogenous, as per
Crewther et al. (2012), these results could be added to the literature associating
testosterone with motivation. Currently, there is too much variability in the results due
to the sample size; for example, the large differences in Cl could result from the varied

androgen receptor availability because of the diversity of subjects.

This study is the first to show that SSM can improve performance in the back squat.
Previously, Karageorghis et al. (2018) showed an increase in handgrip strength of 0.63
N/kg in 52 male athletes, and Biagini et al. (2012) showed no difference in repetitions
to failure across three sets of bench press at 75% 1RM in 20 male subjects when SSM
was played during the entire testing session. In contrast, in this present study, music
was only listened to before lifting, which may have enabled the athlete to focus on the
motor skill. Equally, the subject may have already benefited from enhanced motivation
and neuromuscular drive due to the release of testosterone by the SSM. Given the
absence of literature, more research is required to validate this statement and to
eliminate this association as causal, as indicated by correlational analysis. However,
it should be noted that no study has shown any detrimental effects of listening to music
before or during strength training. Only from this study, where 95% Cl is reported, can
it be noted that while some may experience a large magnitude of change, such as
Subjects Two and Three with 65% and 95% increases in testosterone, respectively,
some athletes may experience small and negative effects from SSM as Subject Eleven

did with a decrease of -19% (Figure 6.5). Therefore, it is prudent to advise that
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individuals trial this ergogenic aid with various timings and music genres, as there will

inevitably be between-subject differences in its effectiveness.

The review by Tod et al. (2003) estimated that psyching-up could lead to a 12%
increase in strength compared with control conditions. In a separate study, Tod et al.
(200%5) supported this by reporting an 8.1% increase in three sets of five repetitions of
isokinetic bench press in 20 male and female subjects. Herein, we report a 7.1%
improvement in one set of 3RM back squats in the SSM intervention; however,
McGuigan et al. (2007) failed to show such an effect. In their study, 1RM back squat
performance was unaffected following a free-choice psyching-up technique in 20 men
and women with 4.5 years of weight training experience. Results may differ because
of the psyching-up method used. The current study used MSTI consisting of positive
external cues to increase confidence and focus on the task (Hardy, 2006). Following
the intervention, McGuigan et al. (2007) also noted significant increases in cortisol (pre
13.8 nmol, post 21.8 nmol), which may suggest subjects incurred increased stress
levels. For example, low cortisol concentrations may be related to positive
psychological constructs, such as high self-efficacy (McAuley & Rudolph, 1995). In
contrast, higher concentrations may be associated with negative affective states, such
as anxiety (Smyth et al., 1998), and are potentially a consequence of subjects being
unfamiliar with the test or attaching importance to it (Davis et al., 1981; Scavo et al.,
1991). Here, subjects were familiar with the test, and the MSTI was designed to
increase self-efficacy. Therefore, cortisol during the SSM and MST]I conditions did not
significantly change; however, it did drop to the extent that the TC ratio increased by
12.1% and 10.4%, respectively, against the control condition. However, it should be
noted again that according to the calculated 95% CI, some individuals may experience
a small decrease in performance following these strategies, as Subject Six did in both
SSM and MSTI conditions, lifting 9.1% less with increased cortisol of 7% and 64%
respectively compared to control. Thus, individuals are again advised to trial and

develop the ergogenic aids.

It has been reported that cortisol may jointly work with testosterone to moderate status-
seeking behaviors (Cook & Crewther, 2014), with cortisol largely moderating the effect
of testosterone (Mehta & Josephs, 2010; Mehta & Prasad, 2015). Relationships
between testosterone and behavior are generally found when cortisol levels are low
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(Mehta & Prasad, 2015). Untrained individuals also typically exhibit a larger
neuroendocrine stress response than trained individuals when undertaking the same
workloads (Hackney, 2006). Therefore, psychological priming may be as much about
controlling the release of cortisol as it is about raising testosterone. In light of this, SSM
and MSTI may have controlled any increased stress through better focus, confidence,
and less anxiety, as, on average, only trivial changes occurred (g =-0.07 and g = 0.08,

respectively).

Finally, we note that no subject's testosterone concentration levels were reduced
during SSM. Given the high likelihood that athletes experience increased testosterone
levels when performing, their ability to use and translate it may be a potentially limiting
factor. For example, Crewther et al. (2012) showed that in ten weight-trained male
athletes, only those who could back squat double their body weight demonstrated a
relationship between the back squat and sprint performance when testosterone levels
were high (r = 0.92 and r = -0.87 respectively). This is potentially based on
physiological adaptations centering on Type Il fiber content and androgen receptor
availability, thus the means to actualize the steroid effects (Folland & Williams, 2007).
Therefore, it may be that these ergogenic aids are best represented in strong, healthy
adults who themselves would require new and innovative means of increasing training

intensity, such as those identified here.

6.4 Limitations

This study's small sample size of subjects was below the priori power calculation of a
minimum of 24, limiting deeper analysis, such as comparing males and females,
varying age ranges, and professional athletes versus amateurs. This study only chose
a 3RM back squat test and, therefore, cannot correlate the changes noted here to
other measures of athletic performance, such as during jumping and sprinting. Lastly,
a coefficient of variation of 9% in hormonal changes may be too large to signal subtle
changes in the hormonal status.
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6.5 Conclusion

Due to the small subject sample size, no statistically significant results occurred;
however, due to the small and moderate effect size changes, this investigation
suggests the potential use of SSM and MST] for priming healthy adults to complement
their athletic endeavors. These results potentially support the current evidence for
priming, with the addition of a novel finding that these strategies may also associated
with increases in testosterone while potentially limiting the release of cortisol. In
summary, it is recommended that the use of simple, freely available strategies, such
as SSM and MSTI, should be implemented to prime an individual's performance during
training sessions so that they work harder and take more risks (or rather, attempt to
lift more weight and perform extra repetitions). While these changes may be slight,
they are meaningful and could generate significant improvements in athletic
performance over a long-term training program. Individuals are also advised to trial

these ergogenic aids and develop a strategy that best responds to their preferences.
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Chapter 7 STUDY 3

7.0 Changes in salivary testosterone concentrations and voluntary bench press

performance following motivational self-talk or self-selected music

7.1 Introduction

Testosterone is an androgen steroid produced by the Leydig cells and ovaries through
the hypothalamus-pituitary axis (Mazur & Booth, 1998). Acute secretions have been
reported after performing resistance training exercises, which have subsequently been
linked to improvements in muscular strength and hypertrophy through an upregulation
in neuron binding, enhanced protein synthesis, increased myonuclei, satellite cell
proliferation, and the displacement of glucocorticoids such as cortisol (Kadi, 2008;
Kraemer et al., 1998; Kraemer et al., 2008; Loebel & Kraemer, 1998). This cascade
can lead to enlarged cross-sectional areas of type | and |l muscle fibers (Turner et al.,
2010). For example, Ahtiainen et al. (2003) reported strong correlations between
testosterone and isometric strength (r = 0.84, p <0.01), in addition to muscle cross-
sectional area (r = 0.76, p <0.05) in 16 subjects when undertaking bilateral leg
extension resistance exercise for five sets of ten reps over 21 weeks. Turner et al.
(2010) state that S&C coaches can enhance testosterone secretions to optimize
adaptions through skillful manipulation of periodized resistance training programs.

However, less consideration and research within S&C have been given to how
coaches can affect training and competition motivation, task engagement, effort,
intensity, and behavior across a training program (Collins et al., 2022; Radcliffe et al.,
2015). Many strength-based athletes, such as weightlifters, “psych” themselves prior
to performing (Tod et al., 2005). Study 1 showed the prevalence of psychological
priming in 90 athletes, with 89% implementing some form of priming strategy and 65%
reporting improvements in motivation (Collins et al.,, 2022). Typical cognitive
techniques include imagery, self-efficacy statements, self-talk, relaxation,
visualization, preparatory arousal, and focused attention to increase physical and
mental activation (Tod et al., 2005). “Psyching-up” can be described as a self-directed

strategy used immediately prior to or during a skill execution to enhance physical
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performance (Tod et al., 2003). Tod et al. (2015) meta-analysis reported that a free-
choice psyching-up protocol was associated with positive increases in muscular
strength from 12 studies, whereby subjects selected their preferred cognitive method
to arouse themselves to increase activation levels for the upcoming task. Furthermore,
Tod et al. (2005) also reported an 11.8% increase in volume load when 20 male and
female subjects performed a bench press exercise for five reps after implementing a
self-selected “psych-up” for 30 s. This form of motivational self-talk strategy is popular
amongst coaches and athletes. It can be described as sentences said to oneself for a
specific purpose to increase self-confidence, positive mood, and effort (Hardy et al.,
2001). Shukri et al. (2019) reported that 45 trained men significantly (p < 0.001)
increased the number of bench press repetitions performed to failure after
implementing motivational self-talk compared to control and instructional self-talk
(24.4 reps, 17.9 reps, and 20.1 reps, respectively). Hypothesized mechanisms for the
positive effects include reduced anxiety and increased focus, concentration,
confidence, and neuromuscular drive, which are attributable to the release of

catecholamines (Tod et al., 2015).

Based on Study 1's findings, the most popular psychological priming method
implemented amongst athletes was a non-cognitive strategy of listening to music
(26.6%). Non-cognitive or behavioral strategies do not have a conscious mental
component, which can invoke heightened arousal, alter emotions, and reduce
inhibition (Karageorghis & Priest, 2012). The effects of music on athletic performance
have predominantly focused on its implementation during fithess classes or aerobic-
based training, where it mediates its benefits via rhythm (Kornysheva et al., 2010) and
dissociation from effort (Karageorghis & Priest, 2012). Karageorghis (2018), however,
did report a significantly (p = 0.001) improved handgrip strength of 0.63 N/kg (d = 0.50)
after listening to fast-tempo music prior to the task (at 126 beats per minute [bpm],
played at 80 decibels) compared to 52 matched controls. Additionally, Bartolomei et
al. (2015) reported a significant (p = 0.03) 5.8% increase in bench press reps when
performed to failure at 60% 1RM while self-selected music was listened to in 31
resistance-trained men. However, only a few studies have investigated the influence
of music on resistance training (Silva et al., 2020). Therefore, more studies are

required to substantiate the limited findings.
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Research has shown that these psychological strategies may assist in achieving
performance goals by modulating testosterone release (Cook & Crewther, 2012;
Gilson et al., 2008). Testosterone has been linked with psychological traits such as
status-seeking, motivation, power, competition, violence, dominance, social and
sexual interaction, increased risk-taking, and reduced fear (Mazur & Booth, 1998;
McCall & Singer, 2012; Stanton et al., 2011; van Honk et al., 2005). For example,
Klinesmith et al. (2006) reported increased testosterone levels in 30 male college
students when they held a gun for 15 minutes (d = 1.53), correlating with a subsequent
increase in aggressive behavior and risk-taking (r = 0.64). In sport, Cook and Crewther
(2012) investigated the priming capabilities of playing a motivational video with a
concurrent team talk on 12 elite rugby players. Testosterone increased by 12.2%,
positively correlating with coach-assessed in-game player performance (r = 0.81).
Therefore, testosterone may modulate behavior, subsequently improving performance
and positive adaptions experienced by athletes. However, the hypothalamus-pituitary
axis consists of a dual hormone relationship whereby cortisol acts as an antagonist to
testosterone, inhibiting its production (Cook & Crewther, 2014; Brownlee et al., 2005;
Cumming et al.,, 1983). Increases in cortisol occur in response to physical or
psychological stress (Brownlee et al., 2005). For example, a public speaking stress
test for 20 minutes incurred significant salivary cortisol concentration elevations (r =
0.85) (Kirschbaum et al., 1992). Additionally, Cook & Crewther (2012) incurred greater
cortisol increases compared to testosterone when implementing aggressive (cortisol
13%; testosterone 10%) and erotic (cortisol 7%; testosterone 5%) video clips on 12
professional rugby players prior to performing a back squat exercise. Therefore, the
modulation of cortisol may be just as important as priming testosterone. However, this
relationship with athletic performance has been sparsely researched and requires
more attention to add to the literature to understand the mechanisms at work.

This study investigated the priming effects of SSM or MST on salivary testosterone
and cortisol concentration levels and its impact on a subsequent bench press exercise
for four sets of four reps. Subjects self-selected loads in line with Cook et al. (2013).
We hypothesize that by providing a music soundtrack that resonates with the individual
and is of a high tempo (126+ bpm) (Karageorghis, 2018) or with motivational self-talk
(Tod et al., 2015), the individual will become “psyched up” which consequently will
have a positive effect on the strength-based training session.
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7.2 Methods

Please see Chapter 5 for the relevant methodology and statistical analysis.

7.2.1 Subjects

Fourteen healthy collegiate adult males (23.9 + 3.8 years of age, 177.6 + 3.3 cm tall
and a mass of 78.7+ 8.6 kg) and seven collegiate adult females (21.1 + 2.0 years of
age, 173.3 £ 3.5 cm tall and a mass of 67.9 + 4.3 kg), free from injury and all in good
health, with a minimum training experience of three years, participated. Subjects
attended the gym at least twice weekly and were classed as recreational. All subjects
gave informed consent, and the study procedures met Middlesex University's ethical

requirements.
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Figure 7.1 Experimental design.

7.3 Results

No statistically significant differences were noted across any intervention (4RM p =
0.06, cortisol p = 0.89, testosterone p = 0.28, TC ratio p = 0.68), only practical
differences. In the total volume of load lifted (VL), a trivial difference occurred with
SSM 1092.81 + 360.67 kg, g = 0.09 (95% CI1-0.42, 0.59), as did MST 1083.11 + 341.46
kg, g = 0.06 (95% CI -0.45, 0.57) compared to CON 1061.55 + 360.56 kg (Figures 7.2

and 6.3). Cortisol levels incurred a moderate difference between SSM 108.22 *
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31.82%, g = 0.81 (95% C1 0.28, 1.34), MST 111.41 £ 42.66%, g = 0.78 (95% CI 0.25,
1.30), and CON 81.36 + 32.78%, with only a trivial difference between SSM and MST
g = 0.09 (95% CI -0.42, 0.60) (Figures 7.8 and 7.9). Average barbell velocity across
the strength training session demonstrated a trivial increase when comparing MST
0.32 £ 0.10 m/s, g = 0.15 (95% CI -0.36, 0.65) to CON 0.30 £ 0.08 m/s, and a trivial
decrease comparing SSM 0.29 + 0.08 m/s g = -0.14 (95% CI -0.65, 0.37) to CON.
Between SSM and MST g =0.28 (95% CI1-0.23, 0.79) (Figures 7.4 and 7.5). Intraassay
COV was 7.8%. Testosterone demonstrated a large increase after MST 135.07 +
35.91%, g = 1.04 (95% CI 0.50, 1.58) and SSM 122.14 + 21.10%, g = 0.85 (95% CI
0.32, 1.38) to control 103.65 + 21.58 %, with a small difference between MST and
SSM g = 0.43 (95% CI-0.08, 0.94) (figure 7.6, figure 7.7). TC ratio resulted in a small
difference between CON and SSM 22%, g = -0.48 (95% CI -1.00, 0.03), a trivial
difference between CON and MST 10%, g = -0.19 (95% CI -0.70, 0.32), and a small
difference between SSM and MST 15%, g = 0.32 (95% CI -0.19, 0.83) (Figures 7.10
and 7.11). However, there was no statistically significant correlation in any of the
interventions between 4RM, testosterone, or cortisol (CON 4RM — testosterone r =
0.06, CON 4RM - cortisol r = -0.49, SSM 4RM - testosterone r = -0.09, SSM 4RM —
cortisol r = 0.30, MST 4RM - testosterone r =-0.16, MST 4RM - cortisol r = 0.16).
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Figure 7.2 The mean total load lifted for four sets of four repetitions in the bench press

exercise in the self-selected music (open bars), motivational self-talk (grey bars), and
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control (black bars) conditions, with standard deviation, effect size (g), and 95%
confidence intervals.
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Figure 7.3 The individual total load volume lifted for four sets of four repetitions in the
bench press exercise (kg) in the motivational self-talk (grey bars), self-selected music
(open bars), and control (black bars) conditions.
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Figure 7.4 The mean barbell velocity in the self-selected music (open bars),
motivational self-talk (grey bars), and control (black bars) conditions, with standard
deviation, effect size (g), and 95% confidence intervals (Cl).
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Figure 7.5 The individual bench press average velocity (m/s) repetitions in the
motivational self-talk (grey bars), self-selected music (open bars), and control (black

bars) conditions.
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Figure 7.6 The mean percentage change in testosterone in the self-selected music
(open bars), motivational self-talk (grey bars), and control (black bars) conditions, with

standard deviation, effect size (g), and 95% confidence intervals (ClI).
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Figure 7.7 The individual percentage change in testosterone concentrations in the
motivational self-talk (grey bars), self-selected music (open bars), and control (black

bars) conditions.
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Figure 7.8 The mean percentage change in cortisol in the self-selected music (open
bars), motivational self-talk (grey bars), and control (black bars) conditions, with

standard deviation, effect size (g), and 95% confidence intervals (ClI).
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Figure 7.9 The individual percentage change in cortisol concentrations in the
motivational self-talk (grey bars), self-selected music (open bars), and control (black

bars) conditions.
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Figure 7.10 The mean percentage change in the testosterone: cortisol ratio in the self-
selected music (open bars), motivational self-talk (grey bars), and control (black
bars).conditions, with standard deviation, effect size (g), and 95% confidence intervals
(Ch.
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Figure 7.11 The individual percentage change in the testosterone: cortisol ratio in the
motivational self-talk (grey bars), self-selected music (open bars), and control (black
bars) conditions.

7.4 Discussion

This investigation sought to build on previous literature by identifying priming
strategies that can be used to “psych-up” athletes before a resistance training session
and the effect it has on salivary testosterone and cortisol concentration. Statistically,
no significant results or correlations were found; however, meaningful, small,
moderate, and large effect size differences were found in testosterone, cortisol, and

their ratio.

Analysis of the CI indicates that some individuals may experience large positive
changes while others experience small negative changes. A large increase of 35% in
testosterone levels occurred in MST and SSM by 18% compared to CON. While
changes in total VL from four sets of four reps bench press were not statistically or
practically significant (CON 1061.55 + 360.56 kg, SSM 1092.81 + 360.67 kg, MST
1083.11 + 341.46 kg), examination of the raw data revealed that the MST and SSM
groups had small individual increases in barbell load of 1.25 — 10 kg or performed an
extra rep within one or two of the sets. Therefore, potentially these changes, over time,
may equate to notable differences. Future research should utilize lighter loads (> 6RM)
to enable the detection of small changes. For example, subjects reported attempting
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extra repetitions but failed. Thus, these attempts were not recorded, albeit recognized
within average velocity; presumably, using lighter loads would be more sensitive to
any extra work performed as performing extra repetitions at a lighter load is potentially

easier.

Weakley et al. (2020) reported that barbell velocity for a four-repetition effort should
be approximately 0.42 m/s. The average barbell velocity in this study was mixed in the
intervention groups compared to the control. MST velocity was 0.32 m/s, and SSM
was 0.29 m/s compared to CON at 0.30 m/s. This potentially suggests that subjects
either chose loads that were too heavy due to their primed state, where they were
willing to be more effortful, or they may have felt tired and therefore applied less force
to each rep. Interestingly, barbell velocity was slower when comparing SSM to MST,
suggesting that music may have provided a greater intrinsic drive to work toward
failure. Additionally, this could be because the MST group used cues focusing on
"exploding" with the barbell. Therefore, implementing cues around performing greater
work and the bar feeling "light-weight" may prime subjects to work closer to failure and
increase their VL further. According to the 95% ClI, both interventions could experience
moderate increases in barbell speed, as demonstrated by Subject Twenty-One, with
velocities of 0.44 and 0.41 m/s in SSM and MST, respectively, compared to 0.26 m/s
in the control condition. However, Subject Four recorded the opposite result with an
increased velocity during the control condition of 0.40 m/s, compared to 0.34 m/s in
both intervention conditions. Future research should investigate the direction or
context of cues, how they modulate performance, and whether acute changes are

greater than the measurement of error.

Compared to control conditions, testosterone demonstrated a large increase following
SSM of 18% (d = 0.84, 95% CI 0.24, 1.43) and MST with 35% (d = 1.05, 95% CI 0.41,
1.70), which may, in part explain the lower velocities under these conditions due to
more load being lifted. Furthermore, MST demonstrated a small increase in
testosterone compared to the SSM condition (d = 0.44, 95% CI-0.09, 0.97). Assuming
testosterone's link with motivation and effort and its role within neuromuscular force
(French et al., 2007; Hamdi & Mutungi, 2010), it may be that with a different cueing
strategy, this intervention had the potential to show greater performance
improvements; for example, Schoenfeld et al. (2018) reported greater strength
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improvements using an internal cue (16.2%) of “squeeze the muscle,” compared to an
external cue (2.6%) of “get the weight up,” in 30 college-aged men performing an
isometric elbow flexion test. This statement is untested and requires further research.
Interestingly, salivary cortisol concentration levels were highest in the intervention
groups of SSM 108% (d = 0.80, 95% CI 0.21, 1.38) and MST 116% (d = 0.77, 95% CI
0.18, 1.35) compared to 81% for the CON condition. This may have occurred due to
the subjects becoming too aroused and “psyched-up,” leading to decreased
performance in what is known as the inverted U hypothesis, and some anxiety may

have occurred (Aren & Landers, 2003).

Consequently, the TC ratio was the highest in the CON condition, 1.56%, compared
to 1.43% and 1.21% in MST and SSM, respectively. Given the dual-hormone
relationship, whereby cortisol has been reported to blunt the production of
testosterone by the HPA-axis surpassing secretion of gonadotropin-releasing
hormone and glucocorticoids decreasing androgen receptor synthesis in cells
(Brownlee et al., 2005; Salvador, 2012; Dekkers et al., 2019), these results may
indicate that cortisol had not been modulated during the interventions and that had it,
then potentially testosterone may have been secreted to a larger amount, which in
turn may have improved performance further. However, as noted in the 95% ClI,
testosterone and cortisol could have reported larger secretions with only the possibility
of a small decrease. Therefore, individuals are advised to trial and develop the use of
the different ergogenic aids through changes in music and cues to learn which aids
limit the release of cortisol and increase testosterone; for example, Subject Ten
increased testosterone in both conditions SSM and MST by 110% and 136%
respectively. However, cortisol rose by 59% more in MST. It decreased in SSM by
17%, indicating the potential large improvement in the TC ratio in the MST condition
was blunted due to increased stress experienced. Variations in cues could reduce this,

making the priming technique more effective.

This study demonstrates the within-session priming effects of SSM and MST, their
effect on testosterone, and subsequent performance. Furthermore, while the impact
of music has been examined extensively, it tends to be in the context of fitness classes
or aerobic-based training, where it mediates its benefits via rhythm (Kornysheva et al.,
2010) and dissociation from effort (Karageorghis & Priest, 2012). Here, we posit that
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providing a music playlist that is of a high tempo (> 126 bpm) and resonates with the
individual can get an individual “psyched-up” to help improve strength-based training.
Self-talk, considered a form of “psyching-up,” has been more widely examined and is
beneficial to strength and power training, generally on account of the release of
catecholamines (Tod et al., 2011). Here, we can add to the literature supporting its
use and demonstrate a novel finding that MST strategies are potentially facilitated by
increases in testosterone. In summary, simple, freely available strategies, such as
SSM and MST, can prime a healthy collegiate adult’s performance during training

sessions such that they are willing to work harder and take more risks.

7.5 Limitations

The limitations of this study are the small sample size of subjects which was below the
calculated priori power analysis, and professional athletes. Therefore, comparing
males and females, varying age ranges, and professional athletes versus amateurs
could not be undertaken. This study only chose to test four sets of 4RM bench presses.
Therefore, it was unable to determine any associated meaningful changes on an
individual level, for example, during a sprint and jump test. Additionally, a potential
limitation of analysis could be that a coefficient of variation of 9% in hormonal changes

may be too large to signal subtle changes in status.

7.6 Conclusion

Based on this study's results, the modulation of cortisol may be as important as
increasing testosterone concentration levels. To positively modulate behavior,
implementing motivational self-talk may have a larger impact on testosterone
concentration levels than self-selected music or passively sitting in a room. However,
implementing MST and SSM that resonates with the individual so as not to increase
their cortisol and stress levels which may potentially blunt priming that could assist in
improving performance. Due to the dearth of literature, a vast array of priming
strategies and performance markers are to be researched and potentially

implemented. Therefore, future investigations are needed to build on this research.
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Chapter 8 STUDY 4

8.0 Changes in salivary testosterone concentrations and voluntary back squat
performance following being observed in person and on social media while

warming up

8.1 Introduction

Triplett (1898) first established an observer effect when examining how an individual's
behavior was affected by the presence of others. He noted that cyclists' speed
increased when racing in the presence of another rider compared to racing alone
against the clock. This discovery demonstrated a co-action effect, whereby behavior
change occurs when two or more individuals work on the same task (Hamilton & Lind,
2016). Furthermore, Zajonc (1965) reported a behavior change in multiple animals,
specifically in the presence of an audience, thereby classifying this as the audience
effect theory. He suggested that increased arousal may affect performance; however,
this depends on the context of the task in question. Easily performed or well-rehearsed
tasks produced better outcomes than challenging or new tasks, where performance
dropped; for example, an accomplished golf player would perform better with an
audience, whereas a poor or beginner golf player would perform worse. More recently,
Tennie et al. (2010) suggested that the audience effect theory is a form of reputation
management in the eyes of others, which requires a behavior response dependent on
the given task and who is observing. This is supported by Chen et al. (2011), who
suggested that the presence of peers heightens feelings for reward, which motivates
changes in behavioral decision-making. This was noted when 51 19 — 24-year-old
college students significantly increased loads lifted in 1RM bench press (women 1.5
kg and men 1.8 kg, p <0.05) and leg press (women 4.1 and men 8.5 kg, p <0.05) when

being observed by two individuals of the opposite gender (Baker et al., 2011).

In recent years, social media platforms have enabled a virtual observer effect.
Sherman et al. (2016) reported increased neural responses in the medial prefrontal
cortex and hippocampus (both in the brain) in adolescent subjects when observing

their photographs versus neutral photographs submitted by peers, which had more
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"likes." These brain regions are associated with social cognition and memories (Mars
et al.,, 2012; Zaki et al., 2009), indicating that these photographs may have been
scanned more carefully. Also, when viewing positive feedback on their pictures,
increased activity in the nucleus accumbens, which is responsible for feelings of
reward, occurred. Harackiewicz and Larson (1986) suggest that recognition of one's
contributions can enhance feelings of competence. Brady and O'Regan (2009) also
note that the number of "likes" and feedback comments on an individual's pictures
provides self-validation, suggesting that social media for self-presentation can be
rewarding and potentially motivating. Interestingly, when subjects viewed photographs
of risky behaviors (for example, a picture of a marijuana cigarette or a rude gesture)
by peers, decreased activation in the cognitive control network occurred. This
indicates that observing peer behavior promotes down-regulation in cognitive control
in high-risk scenarios, increasing the potential to undertake risk-taking behavior, such
as smoking a cigarette or taking provocative pictures (Mars et al., 2012). Therefore,
there could be potential for this to be reversed, that posting a photograph or video of
risk-taking behavior could promote the undertaking of risk-taking behavior to obtain
positive feedback and "likes." For example, an individual posting a video of themselves
undertaking a heavy load deadlift exercise, which can be classed as risky, viewers of
this video may feel compelled to compete, leading them to try a deadlift load far
beyond their capability, which would increase the chance of incurring an injury.

Research is sparse in this area, and further investigation is warranted.

Our desire to seek status serves our primitive drive and can, in part, be explained by
the "Biosocial Model of Status" (Janak et al., 2015; Mazur & Booth, 1998). This model
suggests that testosterone motivates competitive behaviors that serve to increase
status. Testosterone is a product of the hypothalamus-pituitary axis. It has been
associated with assertive, dominant, aggressive, and leader-like behavior and
increased risk-taking traits, especially when competition or a goal is present (Mazur &
Booth, 1998). For example, a self-selected bench press (r = 0.83, p < 0.01) and back
squat (r = 0.67, p = 0.01) performed for three repetitions were strongly correlated to
individual variation in pre-exercise salivary testosterone concentration levels in 12
female elite netball players (Cook & Beaven, 2013). Cortisol, a steroid hormone also
a product of the hypothalamus-pituitary axis, has been associated with psychological
stress (Kirschbaum et al., 1993). For example, Kirschbaum et al. (1992) reported
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significant cortisol elevations (189%, p = 0.001) 30 minutes after undertaking a public
speaking stress test, indicating that the subjects found the test stressful. Cook and
Crewther (2014) suggest that cortisol works jointly with testosterone; thus, increased
cortisol levels may affect the TC ratio due to the dual-hormone hypothesis.
Relationships between increased testosterone and behavior are generally found at
low cortisol levels (Mehta & Prasad, 2015). Therefore, for optimal performance,
anxiety should be seen at moderate levels; otherwise, panic will overcome the
individual, leading to decreased performance in what is known as the inverted U
hypothesis (Arent & Landers, 2003). The hypothesis reports an optimal level of
arousal; too much or too little will negatively affect the individual (Arent & Landers,
2003).

Cook and Crewther (2014) identified improved strength and in-competition
performance after 12 elite rugby union players viewed a one-hour video of mixed
content from the previous match in a social environment. Testosterone increased by
51.8% (p < 0.01) in those who experienced the best head coach-ranked match
performances, which consisted of the players completing several key skills,
suggesting the priming of testosterone prior may have contributed. A strong correlation
was also seen (r = 0.85, p < 0.003) between 3RM back squat performance and
testosterone levels after various video clips were viewed by 12 professional rugby
players (Cook & Crewther, 2012). Indicating that increasing testosterone levels before
undertaking athletic endeavors may improve performance levels and understanding
which testosterone primers and for which individuals are the most efficacious could

enhance performance further.

Thus, in this study, we aim to investigate the priming capabilities of performing a warm-
up and a subsequent 65% 1RM back squat to repetition failure in the presence of
observers, both in person and virtually via social media. Changes in testosterone to
the intervention are also examined to at least explain the mechanisms at work and to
add to existing research demonstrating the priming effects of this endocrine marker
on sports performance. Finally, we will investigate the release of cortisol on account

of the TC ratio and the dual-hormone relationship.
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8.2 Methods

Please see Chapter 5 for the relevant methodology and stats.

8.2.1 Subjects

A total of 12 subjects were recruited for this study using a convenience sample
method. The cohort consisted of nine healthy collegiate adult males (22.3 + 2.9 years
of age, 176.1 £ 5.7 cm tall and a mass of 80.0 + 5.8 kg) and five healthy collegiate
adult females (22.4 £+ 3.2 years of age, 173.0 + 3.9 cm tall and a mass of 70. + 4.8 kg),
all considered physically fit and injury-free, with at least three years resistance training
experience participated. Subjects attended the gym at least twice weekly and were
classed as recreational. Before signing their informed consent form, each subject was
provided a complete explanation, with study procedures meeting Middlesex
University's ethical approval.
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Figure 8.1 Experimental design.

8.3 Results

No statistically significant differences were noted (total reps p = 0.13, testosterone p
=0.07, cortisol p = 0.70), however, practical differences were. Average barbell velocity
incurred a small difference in both interventions, social media (SMQO) 0.49 + 0.09 m/s,
g =0.27 (95% CI -0.37, 0.92), and the observer effect (OE) 0.49 £ 0.09 m/s, g = 0.28
(95% CI -0.37, 0.92), compared to CON 0.47 + 0.08 m/s (Figures 8.4 and 8.5). The
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SMO condition produced the most reps performed at 17.33 £ 6.14 reps, g = 0.38 (95%
CI-0.27, 1.03) with OE at 17.50 £ 6.72 reps, g = 0.43 95% (Cl -0.22, 1.08), compared
to CON 14.83 £ 5.91 reps (Figures 8.2 and 8.3). Intraassay COV was 8.5%. A
moderate increase in testosterone occurred in SMO 113.29 £ 40.76%, g = 0.79 (95%
Cl1-0.12, 1.46), but only a trivial difference in OE 85.76 £ 30.20%, g = 0.06 (95% CI -
0.58, 0.71) compared to CON 83.74 + 31.45% (Figures 8.6 and 8.7). SMO condition
produced a lower cortisol rise of 118.19 + 28.79%, g = 0.09 (95% CI -0.56, 0.73),
compared to OE 131.71 £ 54.88 %, g = 0.22 (95% CI -0.43, 0.87), and CON 121.20 +
35.98% (figure 8.8, figure 8.9). As a result, the TC ratio noted a moderate decrease in
OE -19 % 0.44%, g = 0.10 (95% CI -0.55, 0.74), and CON -23 + 0.42%, with SMO
increasing by 2% % 0.43 g = 0.58 (95% CI -0.08, 1.24) (Figures 8.10 and 8.11).
However, there was no statistically significant correlation in any of the interventions
between total reps completed, testosterone, or cortisol (CON reps — testosterone r =
0.09, CON reps — cortisol r=-0.41, OE reps — testosterone r= 0.37, OE reps — cortisol
r=-0.22, SMO reps — testosterone r = -0.17, SMO reps — cortisol r = -0.36).
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Figure 8.2 The mean change in total repetitions of the back squat in the observer
effect (open bars), social media (grey bars), and control (black bars) conditions, with

standard deviation, effect size (g), and 95% confidence intervals (ClI).
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Figure 8.3 The individual total repetitions performed for the back squat exercise (kg)
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conditions.
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Figure 8.4 The mean percentage change in barbell velocity in the observer effect
(open bars), social media (grey bars), and control (black bars) conditions, with

standard deviation, effect size (g), and 95% confidence intervals (ClI).
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Figure 8.5 The individual back squat average velocity (m/s) repetitions in the observer

effect (open bars), social media (grey bars), and control (black bars) conditions.
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Figure 8.6 The mean percentage change in testosterone concentrations in the
observer effect (open bars), social media (grey bars), and control (black bars)
conditions, with standard deviation, effect size (g), and 95% confidence intervals (ClI).
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Figure 8.7 The individual percentage change in testosterone concentrations in the
observer effect (open bars), social media (grey bars), and control (black bars)

conditions.
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Figure 8.8 The mean percentage change in cortisol concentrations in the observer
effect (open bars), social media (grey bars), and control (black bars) conditions, with

standard deviation, effect size (g), and 95% confidence intervals (ClI).
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Figure 8.9 The individual percentage change in cortisol concentrations in the
observer effect (open bars), social media (grey bars), and control (black bars)

conditions.
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Figure 8.10 The mean percentage change in the testosterone: cortisol ratio in the
observer effect (open bars), social media (grey bars), and control (black bars)
conditions, with standard deviation, effect size (g), and 95% confidence intervals (ClI).
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Figure 8.11 The individual percentage change in the testosterone: cortisol ratio in the
observer effect (open bars), social media (grey bars), and control (black bars)

conditions.
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8.4 Discussion

This investigation sought to add to the limited literature on priming healthy collegiate
adults during their warm-up via the use of the observer effect both in-person and
virtually via social media. Statistically, no significant results were reported, and there
was no correlation between endocrine markers and repetitions completed in the back
squat exercise. However, small and moderate effect size differences were noted in
repetitions completed, barbell velocity, testosterone, cortisol, and TC ratio. Although
small, these changes, over time, may equate to notable differences, as noted by the
95% confidence intervals reported, potentially leading to improvements in

performance markers.

A moderate effect size increase in salivary testosterone concentration levels was
noted in the SMO condition 113.2% (g = 0.79, 95% CI = -0.12, 1.46) compared to the
trivial in-person OE 85.7% (g = 0.06, 95% CI -0.58, 0.71) and control 83.7%. An
increase in total reps completed and barbell velocity in the back squat exercise may
have occurred due to the increase in the endocrine marker, particularly in the SMO
17.50 reps (g = 0.43, 95% CI -0.22, 1.08) condition, compared to OE 17.33 reps (g =
0.38, 95% CI -0.27, 1.03), and control 14.83 reps. Bar velocity also improved in SMO
0.49 m/s (g = 0.27, 95% CI -0.37, 0.92) and OE 0.49 m/s (g = 0.28, 95% CI -0.37,
0.92), compared to control 0.47 m/s. These results are in line with Cook et al. (2013),
who reported a correlation of free testosterone levels before training in 15 men to self-
selected back squat and bench press workloads (r = 0.81, p <0.001). Cook and
Crewther (2012), Cook and Beaven (2013), and Crewther et al. (2012) support these
findings by correlating back squat performance with testosterone levels (r = 0.85, r =
0.67, and r = 0.92, respectively). Interestingly, Alexander et al. (2021) did not make
any associations between total testosterone and hand grip strength in 716 women.
This result may have occurred due to the exercise testing maximal strength rather than
repetitions. Therefore, because these back squat performance improvements are
mirrored by moderate increases in testosterone and moderate increases in the TC
ratio (SMO 102%, g = 0.58, 95% CI-0.08, 1.24; OE 81%, g =0.10, 95% CI -0.55, 0.74;
CON 77%), we speculate that a priming strategy whereby testosterone is modulated
through behavior and motivation through what subjects perceive to be a status-
seeking opportunity can be used to maximize performance. However, due to the
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sample size being below the calculated minimum 24 from priori power analysis (using
G*Power (Version 3.1, University of Dusseldorf, Germany), implementing a statistical
power of 0.8 and type 1 alpha level of 0.05), there is likely too much variability in the
results, and subject variations in testosterone may occur due to the diversity in
androgen receptor availability. For example, Subject Two incurred an 81% and 154%
increase in testosterone in OE and SMO, respectively, compared to the control
condition, and Subject Fourteen testosterone level decreased in SMO compared to
CON by 20%.

The OE condition consisted of being watched by strangers instead of cheering
teammates, where improvements are likely to occur due to their presence (Baker et
al., 2011). The subject's inexperienced status likely perceived the situation as stressful
in front of strangers, as evidenced by the small increase in cortisol 131.7% (g = 0.22,
95% CI -0.43, 0.87) compared to SMO 118.2% g = 0.09 (95% CI = -0.56, 0.73).
However, back squat performance did not get worse, possibly due to subjects having
a minimum training age of three years to participate. Therefore, the exercise may have
been at a low skill level for them. In highly skilled tasks, such as performing a golf
swing, performance would likely have declined in line with Zajonc's (1965) research.
Alternatively, although speculative, the rating of perceived exertion (RPE) to perform
the back squat may have diminished due to the observers present. Winchester et al.
(2012) reported significant reductions in RPE during three 20-minute moderate 60%
intensity running trials in ten active men when observed by both males and females (d
=0.53, p =0.013). While the subjects of this study acknowledged that observers would
be higher in number when filmed for SMO, it is posited that this is potentially offset as
first-hand judgment is eliminated, as the video can be edited or even deleted. Unlike
the direct observer effect, this situation potentially allows the subject to concentrate

on their innate drive to seek status.

In conclusion, the back squat exercise performance can potentially be primed using
the observer effect via in-person means and, to a greater extent, through virtual
protocols. The idea that the performance would be shared on SMO platforms
appeared to act as a primer of effort, demonstrated by a small improvement in
performance through increases in bar velocity and total reps completed. With SMO
providing a status-seeking opportunity and eliminating any jeopardy of failure, this
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mode appears to be the most beneficial and straightforward of the two conditions to
implement in the field. The performance results mirror the endocrine results with
testosterone, producing a large increase when both observer effects are implemented.
This result could explain the mechanisms at work. More research is required to build

upon this hypothesis.

8.5 Limitations

The limitations of this study are the small sample size of subjects and the lack of
professional athletes. Therefore, comparing males and females, varying age ranges,
and professional athletes versus amateurs could not be undertaken. This study only
chose to test one set of 65% 1RM back squat to repetition failure, therefore unable to
determine any associated meaningful changes on an individual level, for example,
during a sprint and jump test. Finally, a limitation of the analysis could be that a
coefficient of variation of 9% in hormonal changes may be too large to note subtle

changes in hormone levels.

8.6 Conclusion

Healthy collegiate adults can potentially use social media platforms to prime their
performances; however, they must perceive them as a positive addition to their current
status and hierarchy within their team and community. Therefore, it is suggested that
these video-based opportunities be saved for days when they turn up unmotivated or
where maximum effort and intensity are essential to guard against the possibility that
repeated use of social media is subject to some dilution of benefits. Furthermore, while
observers can be off-putting, it may not be detrimental to low-skill tasks such as those
used within resistance training. That said, it can cause small increases in cortisol,

which, over time, may prove detrimental. Therefore, caution is advised.

121



Chapter 9 Study 5

9.0 Assessing the efficacy of various psychological priming interventions

on hormonal and physical performance measures

9.1 Introduction

As previously noted, testosterone priming can potentially improve performance via
non-cognitive psychological techniques that can heighten arousal, alter emotions, and
reduce inhibition (Karageorghis & Priest, 2012), which can lead to increased
motivation to take greater risks while performing an athletic endeavor. Studies 2, 3,
and 4 report that techniques used to accomplish this can be music, motivational self-
talk, imagery, and observation. However, analysis of individual subjects revealed that
the results were mixed. For example, in Study 2, Subject Three, when undertaking
MSTI, lifted 20 kg more in the 3RM back squat, but testosterone (107%) was reduced
compared to CON (131%). In Study Three, Subject Two experienced a 96% increase
in testosterone and load lifted of 820 kg in the MST condition compared to CON 780
kg, and Subject Nineteen’s testosterone rose 47% less than CON but lifted 24 kg more

in the four times 4RM bench press. Therefore, further investigation is warranted.

This study aims to add and expand on the data collected in the previous studies due
to the limited number of subjects partaking in them, which was below the minimum 24
subjects calculated from a priori power analysis using G*Power (Version 3.1,
University of Dusseldorf, Germany), implementing a statistical power of 0.8 and type
1 alpha level of 0.05. This study will investigate the psychological interventions and
priming capability of listening to SSM, being observed through SMO, or engaging in
MSTI on testosterone concentration levels and its subsequent effect on performance
markers. Previously, muscular power and maximal strength were not investigated.
Therefore, these will be examined in a CMJ and IMTP. A muscle endurance test of a
16RM back squat will also be performed. All markers will be analyzed against a CON
condition. The release of testosterone and cortisol will also be investigated to explain
the mechanisms at work given the previously discussed dual-hormone hypothesis. It

is hypothesized that these psychological methods will decrease cortisol and increase
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testosterone, producing altered psychological and cognitive processing and
enhancing performance in the 16RM, IMTP, and CMJ.

9.2 Methods

Please see Chapter 4 for the relevant methodology and statistics.

9.2.1 Experimental approach to the problem

This study conducted a randomized cross-over design using a convenience sampling
method, whereby 28 subjects undertook a CMJ, IMTP, and then a 16RM back squat,
where power, maximal strength, muscular endurance, and barbell average velocity
were measured (Figure 9.1). Force plates (Kistler 9286 Force Plates, Winterthur,
Switzerland) and a “push band” (Push Inc, Toronto) were used to measure jump
height, muscular strength, and barbell velocity. Given availability to participate,
subjects partook in either one, two, or three interventions. Therefore, results are split
into individual interventions of SSM, MSTI, and SMO, and those that completed all
three (Trio). The same protocols were administered in each intervention. During the
15-minute warm-up prior to the testing, subjects either (a) listened to SSM, (b)
engaged in MSTI, (c) were filmed for social media on an iPhone 12 (Apple Inc,
California, USA), or (d) passively (CON group) warming up. Before the interventions
and post-warm-up, subjects provided saliva samples to analyze salivary testosterone

and cortisol concentration levels.
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Upon arrival saliva
samples taken

Intervention (a)
listening to self-
selected music for
4 minutes
n=14

Intervention (b)
engage in
motivational self-
talk and imagery
for 4 minutes
n=14

Investigation (c)
filmed for social
media purposes
for 4 minutes
n=14

Investigation (d)
control group for 4
minutes
n=28

l

15-minute RAMP
warm-up.
Allowing time for
hormones to
become systemic

Saliva sample

taken
S 16RM back squat
Isometrlcuhmdthlgh Counte_[]r;ovement with barbell
P Jump velocity

Figure 9.1 Experimental design.

9.2.2 Subjects

Seventeen healthy collegiate adult males (25.94 + 6.81 years, 170.80 + 43.84 cm tall,
and a mass of 82.94 + 8.11 kg) and eleven healthy collegiate adult females (28.36 +
9.75 years, 163.97 + 12.41 cm tall, and a mass of 68.47 £ 11.88 kg), all in good health
and free from injury, with at least three years resistance training experience,
volunteered to participate in this study. Of these, ten subjects completed three
interventions, with eighteen completing one or two conditions. Subjects were classed
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as recreational, attending the gym at least twice weekly. All subjects provided informed
consent, with study procedures meeting Middlesex University’s ethical approval.

9.3 Results

9.3.1 16RM back squat

Repeated measures ANOVA showed a statistically significant difference between
interventions (p = 0.032). Post hoc analysis using showed statistically significant
differences in 16RM back squat loads lifted (p < 0.05) SSM 65.07 + 5.09 kg, g = 0.55,
95% CI -0.12, 0.99 (p < 0.001) vs. CON 50.00 + 4.42 kg, MSTI 61.14 + 6.45 kg g =
0.56, 95% CI -0.12, 1.00 (p = 0.007) vs. CON 48.57 + 4.76 kg, SMO 59.14 + 5.86 kg
g = 0.55, 95% CI -0.08, 1.01 (p = 0.01) vs. CON 47.86 + 4.80 kg. Subjects that
completed all of the interventions (Trio) recorded statistically significant results in SSM
68.10 + 6.64 kg g = 0.85, 95% CI -0.05, 1.74 (p = 0.001), MSTI 64.50 + 8.21 kg g =
0.60, 95% CI -0.52, 1.72 (p = 0.02) vs. CON 50.00 + 5.73 kg. SMO did not 59.50 +
7.87 kg g = 0.40, 95% CI -0.82, 1.63.

No statistically significant differences were noted in the average barbell velocity (p =
0.33) across all interventions. Effect size differences show trivial changes in all
interventions except for the MSTI condition, whereby a small effect size reduction

occurred.

9.3.2 Isometric mid-thigh pull

No statistically significant differences or notable effect size differences were noted
across all interventions. Force recorded at 100, 200, and 300 m/s was unreliable and,
therefore, unable to be analyzed.

9.3.3 Countermovement jump

No statistically significant jump height differences were recorded across all
interventions. A moderate effect size reduction was noted in the MSTI intervention g
=-0.57,95% CIl -1.37,0.23 (0.32 £ 0.02 m vs. CON 0.39 + 0.04 m), along with a small

effect size reduction in SMO and a trivial reduction in SSM. The Trio subjects recorded
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a small effect size increase in the SSM condition, with MSTI and SMO recording trivial
changes.

MSTI recorded the only statistically significant peak power result (p = 0.04) compared
to control, with peak power decreasing by a small effect size of g = -0.23, 95% CI -
0.73, -0.23 (3661.86 + 277.07 Watts (W)) compared to CON (4307.21 + 284.66 W).
The other results were statistically not significant, with either trivial or small effect size
changes. In the Trio group, SMO recorded a moderate effect size increase of g =0.79,
95% C1-0.04, 1.53 (4322.60 + 256.68 W), with MSTI producing a large reduction of g
= -1.39, 95% CI -2.25, -0.53 (3723.00 +300.16 W) compared to control 4023.40 +

316.36 W. SSM produced a small effect size decrease compared to control.

RSI modified did not produce any statistically significant results. A large g =-1.45 (95%
Cl -2.35, -0.55) effect size reduction occurred in the MST]I intervention of 0.44 + 0.04,
compared to 0.54 + 0.04 in CON. SSM (0.51 + 0.05) and SMO (0.46 + 0.05) produced
moderate and large effect size reductions of g = -0.40 (95% CI -0.89, 0.10) and g = -
0.88, (95% CI -1.73, 0.03) against the CON (0.55 + 0.04 and 0.54 + 0.04, respectively).
In the Trio group, MSTI recorded a large effect size reduction of g =-1.33 (95% CI -
2.24, 0.40) (0.47 + 0.05), with SSM producing a moderate reduction g = -0.46 (95%
Cl-1.11, 0.20) (0.51 £ 0.06) compared to the CON (0.55 + 0.05), with SMO recording

a small decrease.

9.3.4 Testosterone

No statistically significant differences were recorded across all interventions. However,
MSTI recorded a moderate effect size reduction of g =-0.52 (95% CI -1.40, 0.37) (95
+4.90% vs. CON 107 £ 6.30%), with SMO and SSM noting small and trivial reductions,
respectively. The Trio group noted large reductions in MSTI and SMO g =-0.92 (95%
Cl-2.26, 0.42 and g =-0.92, (95% CI -2.05, -0.22) respectively (97 + 6.53% and 90 +
10.57% vs. CON 116 * 5.93% respectively). A moderate reduction was recorded in
SSM g =-0.75 (95% CI -1.73, 0.23) (99 £ 7.20%).
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9.3.5 Cortisol

No statistically significant differences were recorded across all interventions. A
moderate effect size reduction was noted in MSTI g = -0.59 (95% CI -1.59, 0.41) (84
+6.39% vs. CON 113 + 17.42%), and a small effect reduction was recorded in SMO,
with SSM recording a trivial increase. The Trio group recorded a large reduction in
MSTI g =-0.98 (95% CI1-1.98, 0.01) (82 £ 6.83%), and SSM and SMO noted moderate
reductions of g = -0.68 (95% CI —1.86, -0.32) (93 + 9.83%) and g =-0.67 (95% CI -
1.42,-0.09) (88 + 14.85 % vs. CON 131 + 21.97%).

9.3.6 Testosterone: cortisol ratio

No statistically significant differences were recorded across all interventions. All trials
recorded trivial changes except for the MSTI intervention, whereby they recorded a
small change. The Trio subjects recorded a moderate effect size reduction in the MSTI
condition g = -0.61 (95% CI -1.46, 0.25) (85 £+ 5.03%). A small reduction occurred in
SSM, with SMO recording a trivial change. Intraassay COV was 6.8%,and in Trio
8.7%.
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Table 9.1 Results of the self-selected music intervention compared to the control (n = 14).

Subject ID 16RM (kg) Velocity (m/s) IMTP (N) CMJ (m)
CON £ SD SSM £ SD CON % SD SSM % SD CON  SD SSM £ SD CON £ SD SSM £ SD
4 50 + 3.54 55+ 2.12 0.69 + 0.02 0.53 + 0.01 1809.17 + 148.70 2084.21 + 148.64 0.29 + 0.03 0.33+0.03
6 85+ 1.41 92 + 3.54 0.62 +0.02 0.75+0.03 2640.1 + 137.75 2724.96 + 86.17 0.44 +0.03 0.41 +0.01
9 30 +2.83 70 + 3.54 0.55 + 0.02 0.48 + 0.03 758.57 + 71.83 722.35 + 47.14 0.27 +0.02 0.28 + 0.01
10 60 + 4.24 85+ 4.95 0.74 +0.04 0.70  0.01 1580.09 + 80.72 1566.84 + 73.16 0.36 + 0.05 0.38 +0.03
13 70 +0.71 75+ 2.83 0.58 + 0.05 0.60 + 0.02 1683.07 + 69.47 1864.87 + 106.13 0.39 + 0.01 0.36 + 0.01
14 50 + 2.83 75+ 5.66 0.52 +0.06 0.60 + 0.01 861.08 + 94.92 837.98 + 261 0.36 + 0.03 0.40 + 0.01
15 60 + 1.41 90 + 1.41 0.60 + 0.04 0.72 + 0.01 2349.49 + 189.65 2481.81 + 236.94 0.41 + 0.06 0.38 +0.03
17 50 + 6.36 75+9.19 0.72 +0.03 0.57 + 0.06 1848.67 + 205.50 1668.36 + 224.04 0.38 + 0.07 0.37 +0.02
18 40 +4.95 45+ 1.41 0.60 + 0.06 0.50 + 0.06 1659.86 + 76.81 1052.23 + 125.40 0.39 + 0.01 0.24 +0.03
19 30 +0.71 40 +6.36 0.43 +0.05 0.45 +0.03 652.70 + 59.04 660.68 + 17.45 0.33+0.02 0.51+0.16
22 30 +2.12 34+4.95 0.55 + 0.04 0.63 + 0.04 907.85 + 42.54 990.52 + 95.30 0.22 + 0.01 0.22 + 0.01
24 40 + 3.54 50 + 3.54 0.53 +0.02 0.58 + 0.01 1556.44 + 93.67 1305.27 + 121.63 0.47 +0.02 0.29 +0.03
25 40 +5.66 50 + 1.41 0.60 + 0.03 0.48 + 0.01 1813.23 + 189.76 1478.42 + 263.59 0.36 + 0.02 0.27 +0.04
28 65+ 4.95 75+2.12 0.64 +0.03 0.63 + 0.04 1562.74 + 229.66 1873.87 + 139.63 0.37 +0.03 0.48 +0.03
Mean 50.00  3.23 65.07 £ 3.79 0.60 + 0.04 0.59  0.03 1548.79 £ 120.72 1522.31 £ 120.56 0.36  0.03 0.35+0.03
ES & 95% ClI g =0.55 (-0.12, 0.99) g=-0.11 (-0.53, 0.75) g=-0.04 (-0.19, 0.27) g =-0.12 (-0.58, 0.82)
Significance p <0.001 p=0.68 p=0.69 p=0.73
IcC 0.956 0.982 0.916 0.969 0.962 0.912 0.519 0.678

SSM = self-selected music, CON = control condition, SD = standard deviation, 16RM = 16 rep maximum back squat, IMTP = isometric

mid-thigh pull, CMJ = countermovement jump, TC ratio = testosterone: cortisol ratio, kg = kilograms, m/s = meters per second, N =

Newtons, m = meters, ES = hedges g effect size, p = statistical significance measured at < 0.05, 95% CI = 95% confidence intervals,

and ICC = intraclass correlation coefficient.
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Table 9.2 Results of the self-selected music intervention compared to the control (n=14).

Subject ID CMJ RSI Modified CMJ Peak Power (W) Testosterone (%) Cortisol (%) TC Ratio (%)

CON +SD SSM = SD CON £ SD SSM = SD CON SSM CON SSM CON SSM
4 0.36 + 0.05 0.43 £ 0.04 4179 + 151.59 4392 + 226.38 79.68 295.74 33.33 600.00 41.83 202.88
0.84 +0.08 0.71 £ 0.02 5011 + 147.67 4616+ 1.73 116.78 100.49 75.00 130.00 64.22 129.36

9 0.41£0.02 0.42 +0.08 2435+ 19.60 2432+ 20.95 129.55 79.12 100.00 54.17 77.19 68.46

10 0.52 + 0.07 0.50 + 0.02 4742 + 1249.35 5116 + 229.40 114.04 116.29 185.71 109.09 162.85 93.81

13 0.55+0.16 0.48 +£0.10 5224 + 159.72 5275 + 208.18 89.81 55.88 39.29 53.85 43.74 96.37

14 0.46 + 0.06 0.42 + 0.04 3773 £ 386.98 3859 + 205.82 100.53 57.63 100.00 45.45 99.47 78.88
15 0.73+0.16 0.64 + 0.09 4970 + 476.35 4265 + 277.32 111.35 91.61 83.33 125.00 74.84 136.45
17 0.64 + 0.09 0.58 + 0.03 4265 + 277.32 4497 + 253.37 90.82 85.07 300.00 100.00 330.33 117.55

18 0.56 + 0.03 0.25 + 0.04 5207 + 39.72 2355+ 178.23 102.15 123.71 90.00 87.50 88.10 70.73

19 0.58 + 0.02 0.91+0.38 3993 + 89.31 5277 + 2878.60 115.96 113.70 83.33 72.73 71.86 63.96

22 0.32+0.10 0.27 £ 0.06 2660 + 190.84 2989 + 109.14 130.31 133.38 153.85 133.33 118.06 99.96

24 0.78 £ 0.26 0.71+0.17 6019 + 1735.84 5863 + 1662.09 113.70 113.64 50.00 80.00 43.98 70.39
25 0.50 + 0.06 0.46 £ 0.17 4742 + 192.50 4745 + 173.55 120.80 84.27 82.61 85.37 68.38 101.30

28 0.40 + 0.05 0.41+0.14 3178 £ 119.56 3305+ 78.82 157.16 97.33 140.00 80.00 89.08 82.20
Mean 0.55 + 0.09 0.51+£0.10 4314.14 + 373.98 4213.29 * 464.54 112.33 110.56 108.32 125.46 98.14 100.88
ES & 95% CI g =-0.40 (-0.89, 0.10) g =-0.23 (-0.73, 0.27) g =-0.04 (-0.98, 0.90) g=0.15 (-0.76, 1.07) g=0.05 (-0.77, 0.86)
Significance p=0.38 p =0.68 p=0.92 p=0.71 p=0.90
ICC 0.521 0.434 0.713 0.777

SSM = self-selected music, CON = control condition, SD = standard deviation, 16RM = 16 rep maximum back squat, IMTP = isometric
mid-thigh pull, CMJ = countermovement jump, RSI = reactive strength index, TC ratio = testosterone: cortisol ratio, W = Watts, % =
percentage, ES = hedges g effect size, p = statistical significance measured at < 0.05, 95% CIl = 95% confidence intervals, and ICC

= intraclass correlation coefficient.

129



Table 9.3 Results of the motivational self-talk and imagery intervention compared to the control (n = 14).

Subject ID 16RM (kg) Velocity (m/s) IMTP (N) CMJ (m)
CON +SD MSTI £ SD CON +SD MSTI + SD CON +SD MSTI + SD CON +SD MSTI + SD
4 50 + 3.54 52 +4.24 0.69 + 0.02 0.53 + 0.04 1809.17 + 148.70 1696.25 + 420.37 0.29 +0.03 0.28 + 0.01
6 85+ 1.41 85 + 3.54 0.62 £ 0.02 0.62 + 0.01 2640.10 £ 137.75 2386.32 + 103.90 0.44 +£0.03 0.43 +0.01
8 70 +2.83 80 %212 0.62 + 0.05 0.66 + 0.03 2448.56 + 82.55 2202.00 + 46.25 0.82+0.29 0.35+0.02
9 30+2.83 40+ 5.66 0.55 + 0.02 0.48 £ 0.04 758.57 + 71.83 898.96 + 81.67 0.27 £ 0.02 0.29 +£0.03
10 60 +4.24 70 + 5.66 0.74 £ 0.04 0.70 + 0.01 1580.09 + 80.72 1738.14 + 164.38 0.36 + 0.05 0.41+0.01
14 50 + 2.83 70 £7.07 0.52 + 0.06 0.45+0.03 861.08 + 94.92 977.26 + 70.37 0.36 + 0.03 0.39 £ 0.02
15 60 + 1.41 100 + 7.07 0.60 + 0.04 0.65 + 0.04 2349.49 + 189.65 2265.18 + 126.61 0.41 +0.06 0.42 +£0.02
17 50 + 6.36 100 + 3.54 0.72+0.03 0.51 +0.01 1848.67 + 205.50 1556.31 + 408.98 0.38 £ 0.07 0.35+0.04
18 40+4.95 45+ 0.71 0.60 + 0.06 0.68 + 0.01 1659.86 + 76.81 1162.44 + 67.26 0.39 +0.01 0.31+0.04
19 30+0.71 35+2.83 0.43 +£0.05 0.53 + 0.04 652.70 + 59.04 794.35 + 44.04 0.33+0.02 0.26 + 0.02
20 30+4.24 37+212 0.60 + 0.01 0.55 +0.03 612.48 + 88.95 844.99 + 68.45 0.28 £ 0.02 0.26 + 0.04
21 30+ 1.41 42+2.12 0.60 + 0.03 0.34 £ 0.01 1220.40 + 107.71 1143.18 + 109.49 0.58 + 0.02 0.17 £ 0.05
22 30+212 30 +3.54 0.55 + 0.04 0.62 + 0.05 907.85 + 42.54 1007.49 + 67.88 0.22 +0.01 0.23 £ 0.01
28 65 + 4.95 70 + 1.41 0.64 + 0.03 0.59 + 0.04 1562.74 + 229.66 1681.66 + 54.16 0.37 £ 0.03 0.34 £ 0.03
Mean 48.57 £3.13 61.14 + 3.69 0.61 +0.03 0.57 £ 0.03 1493.70 £ 115.45 1453.90 * 131.11 0.39 0.05 0.32%0.03
ES & 95% CI g =0.56 (-0.12, 1.00) g=-0.42 (-1.13, 0.30) g =-0.06 (-0.23, 0.10) g =-0.57 (-1.37, 0.23)
Significance p=0.007 p=0.18 p=0.50 p=0.11
ICC 0.956 0.916 0.916 0.946 0.962 0.900 0.519 0.945

MSTI = motivational self-talk and imagery, CON = control condition, SD = standard deviation, 16RM = 16 rep maximum back squat,

IMTP = isometric mid-thigh pull, CMJ = countermovement jump, TC ratio = testosterone: cortisol ratio, kg = kilograms, m/s = meters

per second, N = Newtons, m
confidence intervals, and ICC

intraclass correlation coefficient.

meters, ES = hedges g effect size, p = statistical significance measured at < 0.05, 95% CI = 95%
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Table 9.4 Results of the motivational self-talk and imagery intervention compared to the control (n = 14).

Subject ID CMJ RSI_Modified CMJ Peak power Testosterone (%) Cortisol (%) TC Ratio (%)
CON +SD MSTI £ SD CON +SD MSTI £ SD CON MSTI CON MSTI CON MSTI
4 0.36 £ 0.05 0.35 + 0.04 4179 + 151.59 4163 + 53.01 79.68 90.54 33.33 85.71 41.83 94.67
6 0.84 £ 0.61 0.61+0.03 5011 + 147.67 4368 + 39.88 116.78 110.96 75.00 92.31 64.22 83.19
8 0.70 £0.23 0.48 +0.05 5669 + 595.39 5135 + 64.07 84.98 82.07 105.88 62.50 124.59 76.16
9 0.41£0.02 0.43 +£0.05 2435+ 19.60 2470 £ 112.06 129.55 90.59 100.00 90.00 77.19 99.35
10 0.52 +£0.07 0.55 + 0.05 4742 + 1249.35 4912 + 12419 114.04 54.27 185.71 54.55 162.85 100.51
14 0.46 + 0.06 0.46 + 0.03 3773 + 386.98 3946 + 21.36 100.53 76.27 100.00 64.00 99.47 83.91
15 0.73+0.16 0.61+0.02 4970 + 476.35 4449 + 17.01 111.35 93.65 83.33 70.00 74.84 74.74
17 0.64 £ 0.09 0.64 £ 0.07 4265 + 277.32 4365 + 253.37 90.82 119.48 300.00 63.33 330.33 53.01
18 0.56 + 0.03 0.51+0.03 5207 + 39.72 4469 + 112.01 102.15 106.21 90.00 100.00 88.10 94.15
19 0.58 £ 0.02 0.20 + 0.05 3993 + 89.31 2327 £ 54.62 115.96 117.63 83.33 100.00 71.86 85.01
20 0.34 £0.02 0.49 +0.27 4167 + 55.23 2194 + 41.51 106.21 87.65 76.92 81.82 72.42 93.35
21 0.74 £ 0.07 0.23 £ 0.02 6052 + 318.56 2544 + 11412 63.82 111.12 60.47 136.36 94.74 122.72
22 0.32+0.10 0.28 + 0.04 2660 + 190.26 2794 + 150.14 130.31 112.77 153.85 121.74 118.06 107.95
28 0.40 £ 0.05 0.36 + 0.01 3178 + 119.56 3130+ 67.18 157.16 88.53 140.00 66.67 89.08 75.31
Mean 0.54 £ 0.08 0.44 + 0.05 4307.21 + 294.06 3661.86 * 87.46 107.38 95.84 113.42 84.93 107.83 88.86
ES & 95% ClI g =-1.45 (-2.35, 0.55) g =-0.23 (-0.73, 0.27) g =-0.52 (-1.40, 0.37) g=0.59 (-0.41, 1.59) g=-0.41 (-1.42, 0.60)
Significance p =0.055 p=0.041 p=0.19 p=0.20 p=0.39
ICC 0.521 0.928 0.713 0.989

MSTI = motivational self-talk and imagery, CON = control condition, SD = standard deviation, 16RM = 16 rep maximum back squat,

IMTP = isometric mid-thigh pull, CMJ = countermovement jump, RSI = reactive strength index, TC ratio = testosterone: cortisol ratio,

W = Watts, % = percentage, ES = hedges g effect size, p = statistical significance measured at < 0.05, 95% CI = 95% confidence

intervals, and ICC = intraclass correlation coefficient.
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Table 9.5 Results of the social media observation intervention compared to the control (n = 14).

Subject ID 16RM (kg) Velocity (m/s) IMTP (N) CMJ (m)
CON £SD SMO = SD CON £ SD SMO = SD CON +SD SMO = SD CON £SD SMO = SD
6 85 + 3.54 80 + 3.54 0.62 £ 0.02 0.62 £ 0.01 2640.10 + 137.75 2559.61 + 62.25 0.44 +£0.03 0.32+0.01
9 30+ 1.41 50 +2.83 0.55 + 0.02 0.57 £ 0.05 758.57 + 71.83 806.23 + 109.49 0.27 £ 0.02 0.29 +0.01
10 60 + 2.83 80212 0.74 £ 0.04 0.71 £0.02 1580.09 + 80.72 1670.23 + 77.96 0.36 + 0.05 0.39 £ 0.02
13 70 +0.71 70 £ 1.41 0.58 + 0.05 0.52 +£0.02 1683.07 + 69.47 1622.72 + 176.50 0.39 +0.01 0.37 £ 0.04
14 50 + 2.83 40+2.12 0.52 + 0.06 0.57 £ 0.04 861.08 + 94.92 831.94 + 55.71 0.36 + 0.03 0.40 + 0.01
15 60 + 1.41 90 +2.12 0.60 + 0.04 0.72 £0.03 2349.49 + 189.65 2769.60 + 115.88 0.41 +0.06 0.49 +0.03
17 50 + 6.36 85+ 3.54 0.72+0.03 0.53 +£0.03 1848.67 + 205.50 697.55 + 57.29 0.38 £ 0.07 0.38 £ 0.02
19 30+0.71 40+0.71 0.43 £ 0.05 0.45 +0.01 652.7 + 59.04 697.55 + 117.60 0.33 £0.02 0.33+£0.05
20 30+4.24 30+2.12 0.60 + 0.01 0.51 £ 0.01 612.48 + 88.95 773.48 + 25.98 0.28 £ 0.02 0.22 +£0.02
21 30+ 1.41 39+283 0.60 + 0.03 0.37 £0.02 1220.40 + 107.71 1116.52 + 119.36 0.58 + 0.02 0.19 £ 0.02
22 30+212 25+ 3.54 0.55 + 0.04 0.64 £ 0.04 907.85 + 42.54 1487.02 + 335.57 0.22 +0.01 0.23 +£0.01
24 40+3.54 70 £2.12 0.53 £ 0.02 0.65 + 0.05 1556.44 + 93. 67 1633.83 + 153.20 0.47 £ 0.02 0.40 + 0.01
25 40+ 5.66 54 +2.12 0.60 + 0.03 0.40 £ 0.01 1813.23 + 189.76 1753.39 + 227.95 0.36 + 0.02 0.24 £ 0.02
28 65 + 4.95 75+ 1.41 0.64 + 0.03 0.65 + 0.11 1562.74 + 229.66 1852.83 + 54.08 0.37 £ 0.03 0.40 + 0.02
Mean 47.86 £ 2.98 59.14 + 2.32 0.59 +0.03 0.57 £0.03 1431.92 + 118.66 1448.04 + 120.63 0.37 £0.03 0.33 £0.02
ES & 95% CI g=0.55 (-0.08, 1.01) g =-0.20 (-0.90, 0.50) g =0.01 (-0.34, 0.35) g=-0.88 (-1.73, 0.03)
Significance p=0.01 p =0.40 p=0.88 p=0.21
ICC 0.956 0.985 0.916 0.977 0.962 0.946 0.519 0.933

SMO = social media observation, CON = control condition, SD = standard deviation, 16RM = 16 rep maximum back squat, IMTP =
isometric mid-thigh pull, CMJ = countermovement jump, TC ratio = testosterone: cortisol ratio, kg = kilograms, m/s = meters per
second, N = Newtons, m = meters, ES = hedges g effect size, p = statistical significance measured at < 0.05, 95% CI = 95%

confidence intervals, and ICC = intraclass correlation coefficient.
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Table 9.6 Results of the social media observation intervention compared to the control (n = 14).

Subject ID CMJ RSI_Modified CMJ Peak Power (W) Testosterone (%) Cortisol (%) TC Ratio (%)
CON £SD SMO = SD CON £SD SMO = SD CON =SD SMO = SD CON £SD SMO = SD CON =SD SMO = SD

6 0.36 £ 0.05 0.35+0.10 4179 £ 151.59 4231+ 118.16 116.78 122.93 75.00 166.67 64.22 135.58

9 0.84 +£0.08 0.40 £ 0.05 5011 + 147.67 2820 + 150.72 129.55 123.68 100.00 100.00 77.19 80.86
10 0.7+£0.23 0.52 £ 0.04 5669 + 595.39 4926 + 148.92 114.04 12.79 185.71 17.86 162.85 139.57

13 0.41+£0.02 0.56 +0.17 2435+ 19.60 5065 + 343.57 89.81 119.92 39.29 76.47 43.74 63.77

14 0.52 £ 0.07 0.60 + 0.04 4742 £ 1249.35 5266 + 170.12 100.53 111.86 100.00 95.65 99.47 85.51

15 0.46 + 0.06 0.71 £ 0.06 3773 + 386.98 4784 + 164.08 111.35 67.39 83.33 63.64 74.84 94.42
17 0.73+0.16 0.80+£0.13 4970 + 476.35 4757 + 444.60 90.82 111.40 300.00 114.29 330.33 102.59

19 0.64 £ 0.09 0.62 +£0.17 4265 + 277.32 4392 + 400.05 115.96 82.39 83.33 40.00 71.86 48.55

20 0.56 + 0.03 0.24 £0.02 5207 £+ 39.72 2514 + 140.16 106.21 91.36 76.92 55.00 7242 60.20

21 0.58 +0.02 0.21£0.07 3993 + 89.31 2493 + 89.14 63.82 130.69 60.47 60.00 94.74 45.91
22 0.34 £0.02 0.30 £ 0.02 4167 + 55.23 2918 + 79.08 130.31 105.27 153.85 150.00 118.06 142.49
24 0.74 £ 0.07 0.56 + 0.02 6052 + 318.56 4928 + 130.86 113.70 99.97 50.00 150.00 43.98 150.05

25 0.32+0.10 0.24 £ 0.04 2660 + 190.26 4580 + 215.88 120.80 126.00 82.61 27.27 68.38 21.64
28 0.40 £ 0.05 0.36 + 0.06 3178 £ 119.56 4239 + 101.52 157.16 78.30 140.00 83.33 89.08 106.42
Mean 0.54 £ 0.08 0.46 £ 0.07 4307.21 £ 294.06 4136.64 * 192.63 111.49 98.85 109.32 85.73 100.80 91.25

ES & 95% ClI g =-0.40 (-0.89, 0.10) g =-0.23 (-0.73, 0.27) g =-0.43 (-1.06, 0.20) g =-0.37 (-0.50, 0.24) g=-0.15 (-0.88, 0.59)

Significance p=0.15 p=0.68 p=0.29 p=0.29 p=0.64
ICC 0.773 0.434 0.713 0.947

SMO = social media observation, CON = control condition, SD = standard deviation, 16RM = 16 rep maximum back squat, IMTP =

isometric mid-thigh pull, CMJ = countermovement jump, RSI = reactive strength index, TC ratio = testosterone: cortisol ratio, W =

Watts, % = percentage, ES = hedges g effect size, p = statistical significance measured at < 0.05, 95% CI = 95% confidence intervals,

and ICC = intraclass correlation coefficient.
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Table 9.7 16RM back squat and average barbell velocity results for those that completed all the interventions (n = 10).

Subject ID 16RM (kg) Velocity (m/s)

CON +SD SSM = SD MSTI £ SD SMO * SD CON +SD SSM + SD MSTI + SD SMO + SD

6 85+ 1.41 92 +3.54 85 + 3.54 80 + 3.54 0.62 +£0.02 0.75 +0.03 0.62 +0.01 0.62 +0.01

9 30 +2.83 70 + 3.54 40+ 5.66 50 +2.83 0.55 £ 0.02 0.48 £ 0.03 0.48 £ 0.04 0.57 £ 0.05

10 60 + 4.24 85 +4.95 70 + 5.66 80+2.12 0.74 £ 0.04 0.70 £ 0.01 0.70 £ 0.01 0.71 £0.02

14 50 +2.83 75 + 5.66 70 £7.07 40+2.12 0.52 £ 0.06 0.60 + 0.01 0.45 +0.03 0.57 £ 0.04

15 60 + 1.41 90 + 1.41 100 £ 7.07 90 +2.12 0.60 £ 0.04 0.72 £ 0.01 0.65 + 0.04 0.72 £0.03

17 50 + 6.36 75+9.19 100 £ 3.54 85+ 3.54 0.72 £0.03 0.57 £ 0.06 0.51 £ 0.01 0.53 +£0.03

18 40+4.95 45+ 1.41 45+ 0.71 40+ 1.41 0.60 + 0.06 0.50 + 0.06 0.68 + 0.01 0.45 +0.04

19 30+ 0.71 40+6.36 35+2.83 40+ 0.71 0.43 £0.05 0.45+0.03 0.53 £ 0.04 0.45 +0.01

22 30+212 34 +£4.95 30 +3.54 25+ 3.54 0.55 + 0.04 0.63 £ 0.04 0.62 £ 0.05 0.64 £ 0.04

28 65 +4.95 75+212 70 +1.41 75+ 1.41 0.64 +0.03 0.63 + 0.04 0.59 + 0.04 0.65 +0.11
Mean 50.00 +3.18 68.10 + 4.31 64.50 £ 4.10 59.50 +2.33 0.60 = 0.04 0.60 £ 0.03 0.58 £ 0.03 0.59 % 0.04

ES & 95% ClI g=0.85 (-0.05,1.74) g=0.60 (-0.52,1.72) g=0.40 (-0.82, 1.63) g=10.00 (-0.67,0.67) g=-0.20 (-1.17,1.58) g =0.00 (-0.34, 0.34)

Significance

p = 0.001

p=0.02

p=0.09

p=0.84

p=0.65

p=1.00

CON = control condition, SD = standard deviation, SSM = self-selected music, MSTI = motivational self-talk and imagery, SMO =

social media observation, 16RM = 16 rep maximum back squat, kg = kilograms, m/s = meters per second, ES = hedges g effect size,

p = statistical significance measured at < 0.05, and 95% CI = 95% confidence intervals.
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Table 9.8 Isometric mid-thigh pull and countermovement jump results for those that completed all the interventions (n = 10).

Subject ID IMTP (N) CMJ (m)
CON +SD SSM + SD MSTI + SD SMO * SD CON +SD SSM + SD MSTI + SD SMO * SD
6 2640.10 + 137.75 2724.96 + 86.17 2386.32 + 103.90 2559.61+ 62.25  0.44 +0.03 0.41 £ 0.01 0.43 £ 0.01 0.32 +0.01
9 758.57 + 71.83 722.35 + 47.14 898.96 + 81.67 806.23 +109.49  0.27 +0.02 0.28 + 0.01 0.29 +0.03 0.29 £ 0.01
10 1580.09 + 80.72 1566.84 + 73.16 1738.14 + 164.38 167023+ 77.96  0.36+0.05 0.38 £ 0.03 0.41+0.01 0.39 +0.02
14 861.08 + 94.92 837.98 + 2.61 977.26 + 70.37 831.94 + 55.71 0.36 £ 0.03 0.40 £ 0.01 0.39 £ 0.02 0.40 £ 0.01
15 2349.49 + 189.65 2481.81 + 236.94 2265.18 + 128.61 2769.60 + 11588 0.41+0.06 0.38 £ 0.03 0.42 £ 0.02 0.49 +0.03
17 1848.67 + 205.50 1668.36 + 224.04 1556.31 + 408.98 697.55 + 57.29 0.38 £ 0.07 0.37 £ 0.02 0.35 £ 0.04 0.38 £ 0.02
18 1659.86 + 76.81 1052.23 + 125.40 1162.44 + 67.26 1376.63+ 63.85  0.39+0.01 0.24 +0.03 0.31+0.04 0.33 +0.03
19 652.70 + 59.04 660.68 + 17.45 794.35 + 44.04 696.76 + 117.60 0.33 £ 0.02 0.51+0.16 0.26 + 0.02 0.22 £ 0.05
22 907.85 + 42.54 990.52 + 95.30 1007.49 + 67.68 1487.02 +33557  0.22+0.01 0.22 +0.01 0.23 +0.01 0.23 +0.01
28 1562.74 + 229.66 1873.87 + 139.63 1681.66 + 54.16 1852.83 + 54.08  0.37 +0.03 0.48 +0.03 0.34 +0.03 0.40 + 0.02
Mean 1458212 £+ 118.84  1457.96 + 104.78 1446.81 + 119.10 1474.84 £104.97  0.35+0.03 0.37 £0.03 0.34 +0.02 0.35 + 0.02
ES & 95% CI g=-0.03 (-0.22,0.28) g=-0.05 (-1.05 1.15) g=-0.08 (-0.37, 0.21) g=0.22 (-0.34,0.77) g=-0.13 (-0.53,0.27) g =0.00 (-1.20, 1.20)

Significance

p=0.75

p=0.64

p=0.71

p=0.62

p=0.47

p=0.71

CON = control condition, SD = standard deviation, SSM = self-selected music, MSTI = motivational self-talk and imagery, SMO =

social media observation, IMTP = isometric mid-thigh pull, CMJ = countermovement jump, ES = hedges g effect size, p = statistical

significance measured at < 0.05, and 95% CI = 95% confidence intervals.
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Table 9.9 Modified reactive strength index and peak power during the countermovement jump results for those that completed all the

interventions (n = 10).

Subject ID CMJ RSI Modified CMJ Peak Power
CON £SD SSM = SD MSTI £ SD SMO = SD CON £SD SSM = SD MSTI £ SD SMO = SD
6 0.84+0.08 0.71+0.02 0.61+0.03 0.35+0.10 5011 £ 147.57 4616+ 1.73 4368 + 39.88 4231+ 118.16
9 0.41+0.02 0.42+0.08 0.43+0.05 0.40 £ 0.05 2435+ 19.60 2432+ 20.95 2470 £+ 112.06 2820 + 150.72
10 0.52+0.07 0.50 +0.02 0.55+0.05 0.52+0.04 4742 + 1249.35 5116 £ 299.40 4912 £ 124.19 4926 + 148.92
14 0.46 + 0.06 0.42+0.04 0.46+0.03 0.60 £ 0.04 3773 + 386.98 3859 + 205.82 3946 + 21.36 5266 + 170.12
15 0.73+0.16 0.64 +0.09 0.61+0.02 0.71+£0.06 4970 + 476.35 4265+ 277.32 4449 + 17.01 4784 + 164.08
17 0.64 +0.09 0.58+0.03 0.64 +0.07 0.80+0.13 4265+ 277.32 4497 + 253.37 4365 + 253.37 4757 + 444.60
18 0.56 +0.03 0.25+0.04 0.51+0.03 0.58 +£0.02 5207 + 39.72 2355+ 178.23 4469 £+ 112.01 3993 + 89.31
19 0.58 + 0.02 0.91+0.38 0.20+0.05 0.62+0.17 3993 + 89.31 5277 + 2878.60 2327 + 54.62 4392 + 400.05
22 0.32+0.10 0.27 +0.06 0.28+0.04 0.30£0.02 2660 + 190.26 2989 + 109.14 2794 + 150.14 2918 + 79.08
28 0.40 +0.05 0.41+0.14 0.36 + 0.01 0.36 +0.06 3178 + 119.56 3305+ 78.82 3130 + 67.18 4239 + 101.52
Mean 0.55 % 0.07 0.51%0.09 0.47 £ 0.04 0.52%0.07 4023.40 * 299.61 3871.10 £ 423.34 3733.00 £ 95.18 4232.60 £ 186.66
ES & 95% CI g=-0.46 (-1.11,0.20) g=-1.33(-2.26,0.40) g =-0.39 (-1.20, 0.41) g=-0.39(-1.16,0.30) g=-1.39(-2.25,0.53) g =0.79 (-0.04, 1.53)
Significance p=0.503 p=0.081 p=0.705 p=0.667 p=0.145 p=0.427

CON = control condition, SD = standard deviation, SSM = self-selected music, MSTI = motivational self-talk and imagery, SMO =
social media observation, IMTP = isometric mid-thigh pull, CMJ = countermovement jump, RSI = reactive strength index, ES = hedges

g effect size, p = statistical significance measured at < 0.05, and 95% CI = 95% confidence intervals.
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Table 9.10 Testosterone and cortisol salivary concentration results for those that completed all the interventions (n = 10).

Participant Testosterone (%) Cortisol (%)
Control SSM MSTI SMO Control SSM MSTI SMO
6 116.78 100.49 110.96 122.93 75.00 130.00 92.31 166.67
9 129.55 79.12 90.59 123.68 100.00 54.17 90.00 100.00
10 114.04 116.29 54.27 12.79 185.71 109.09 54.55 17.86
14 100.53 57.63 76.27 111.86 100.00 45.45 64.00 95.65
15 111.35 91.61 93.65 67.39 83.33 125.00 70.00 63.64
17 90.82 85.07 119.48 111.40 300.00 100.00 63.33 114.29
18 102.15 123.71 106.21 82.39 90.00 87.50 100.00 40.00
19 115.96 113.70 117.63 91.36 83.33 72.73 100.00 55.00
22 130.31 133.38 112.77 105.27 153.85 133.33 121.74 150.00
28 157.16 97.33 88.53 78.30 140.00 80.00 66.67 83.33
Mean 116.87 99.83 97.04 90.74 131.12 93.73 82.26 88.64
ES & 95% CI g=-0.75(-1.73,0.23) g=-0.92(-2.26, 0.42) g =-0.92 (-2.05, 0.22) g=-0.68(-1.68,0.32) g=-0.98(-1.98,0.01) g=-0.67 (-1.42, 0.09)
Significance p=0.71 p =0.64 p =0.64 p=0.13 p=0.08 p=0.13

SSM = self-selected music, MSTI = motivational self-talk and imagery, SMO = social media observation, % =

hedges g effect size, p = statistical significance measured at < 0.05, and 95% CI = 95% confidence intervals.

percentage, ES =
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Table 9.11 Testosterone and cortisol salivary concentration ratio results for those that completed all the interventions (n = 10).

Subject ID TC Ratio (%)
Control SSM MSTI SMO
6 64.22 129.36 83.19 135.58
9 77.19 68.46 99.35 80.86
10 162.85 93.81 100.51 139.57
14 99.47 78.88 83.91 85.51
15 74.84 136.45 74.74 94.42
17 330.33 117.55 53.01 102.59
18 88.10 70.73 94.15 48.55
19 71.86 63.96 85.01 60.20
22 118.06 99.96 107.95 142.49
28 89.08 82.20 75.31 106.42
Mean 117.60 94.14 85.71 99.62
ES & 95% CI g=-0.40 (-1.34,0.53) g=-0.61(-1.46,0.25) g =-0.29 (-1.16, 0.57)
Significance p=0.36 p=0.28 p=0.49

SSM = self-selected music, MSTI = motivational self-talk and imagery, SMO = social media observation, TC ratio = testosterone:
cortisol ratio, % = percentage, ES = hedges g effect size, p = statistical significance measured at < 0.05, and 95% CI = 95% confidence

intervals.
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9.4 Discussion

This study examined the effect of priming through psychological interventions of SSM,
MSTI, and SMO on testosterone and cortisol before performing a 16RM back squat,
IMTP, and CMJ against a control condition of sitting passively. Analysis of the results
found statistically significant (p < 0.05) increases in the 16RM back squat load in all
conditions except SMO in the Trio group. No other statistically significant results were
noted. MSTI recorded a moderate reduction in cortisol (g =-0.59, 95% CI -1.59, 0.41),
as did SSM (g = -0.68, 95% CI -1.68, 0.32) and SMO (g = -0.67, 95% CI -1.42, 0.09)
in the Trio group, with MSTI noting a large change (g = -0.98, 95% CI -1.98, 0.01). All
other results were either trivial or small improvements or small to moderate
decrements against CON. Although there were no statistically significant increases in
testosterone, notable reductions in cortisol levels, which positively improved the TC
ratio, may indicate part of the underpinning mechanisms at work when priming to

undertake a muscle endurance exercise.

9.4.1 16RM back squat and average barbell velocity

This investigation shows that implementing psychological priming prior to performing
a 16RM back squat can significantly improve the load lifted (Tables 9.1, 9.3, 9.5, and
9.7). These findings are similar to Cook and Crewther (2012), who reported that
implementing the psychological strategy of viewing positively emotive video clips can
significantly (p <0.001) prime a 3RM back squat in 12 highly trained male athletes.
SSM recorded the largest loads lifted, with mean loads of 65 kg in the individual
intervention and 68 kg in the Trio group compared to 50 kg in CON, a 30% and 36%
increase, respectively. This aligns with Ballman et al. (2021), who reported that in ten
resistance-trained men, repetitions (d = 0.98) and motivation (d = 0.93) significantly (p
< 0.05) improved after listening to self-selected music three minutes prior to
performing a bench press at 75% 1RM to repetition failure. However, this is contrary
to Biagini et al. (2012), who reported no difference in repetitions to failure across three
sets of bench press at 75% 1RM in 20 male subjects when SSM was played during
the entire testing session. Therefore, listening to music before may enable the subject
to focus on the motor skill at hand. Equally, the subject may already have benefited

from enhanced motivation and neuromuscular drive, which has been reported to
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increase due to excitation in the motor cortex as a result of listening to music (Gordon
et al., 2018).

Tod et al. (2003) reported that psyching-up could lead to a 12% increase in strength
compared to controlled conditions. MSTI noted a 26% increase in load lifted. In the
Trio group, load lifted increased by 29%, which aligns with Tod et al. (2005), who
reported a significant (p = 0.03, 11.8%) increase in bench press barbell load for five
reps in 20 resistance-trained subjects. However, the systematic review of Tod et al.
(2015) reported that in 50% of studies, self-talk was not efficacious in improving
muscular endurance. In the present study, subjects used motivational self-talk and
external cues with motivational-general and cognitive-specific imagery, which may

have increased arousal and self-efficacy.

The SMO intervention increased load lifted by 24% and in the Trio group by 19%
compared to the CON group, potentially indicating that the “audience effect theory”
(Zajonc, 1965) becomes prevalent through social media. However, this did not
increase the subject's motivation to a greater degree than the other interventions, as
SMO self-selected load lifted was the least. Therefore, being observed virtually may
not increase motivation and subsequent risk-taking to a great enough degree to

perform significantly better than other priming methods.

Barbell average velocity did not improve in any intervention against CON. However,
as mean loads lifted increased in the intervention groups, barbell velocity will decrease
according to the force-velocity curve (Zatsiorsky & Kraemer, 2006). Therefore, the
resulting barbell velocities appear primed due to only recording trivial and small effect
size decrements. Interestingly, mean final rep velocities did not decrease, potentially
suggesting that subjects did not go to true repetition failure, indicating that additional
repetitions could have been attempted. Therefore, future research is required to
investigate primed velocity markers at the same load as the control in a muscle

endurance test.

9.4.2 Isometric mid-thigh pull and countermovement jump
No statistically significant or notable effect size differences occurred in any
intervention while performing IMTP. This aligns with Evan et al. (2000), who reported
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that electromyographic and maximal force results did not differ against a control when
performing a maximal isometric elbow flexion test following 20 s of psyching-up in 15
strength-trained men. Bartolomei et al. (2015) reported a similar result with no change
in load lifted during a maximal strength test of a 1RM bench press while listening to

SSM in 31 resistance-trained men.

CMJ jump height and RSI Mod recorded no statistically significant differences across
all interventions. However, CMJ peak power did with MSTI significantly (p = 0.04),
decreasing peak power (3661.86 W) compared to CON (4307.21 W). This is contrary
to Tod et al. (2009) findings in 24 men and women, where vertical jump height
significantly (p < 0.05, d = 0.64) improved after performing motivational self-talk prior
to the test. Therefore, the subjects of this study may not have been primed adequately
to promote the extra effort required to increase maximal force production. This is
potentially linked to the lack of elevation in testosterone and the subsequent increase

in risk-taking from the priming techniques.

9.4.3 Testosterone and cortisol

Contrary to the hypothesis, testosterone did not significantly increase compared to
control. Instead, all interventions reduced concentration levels. This is in contrast to
Cook and Crewther (2012), who associated increased testosterone concentrations
with improved performance. Even though the variability of salivary analytes in non-
elite athletes has been noted previously (Crewther et al., 2011; Turner et al., 2017),
these results were surprising. Additionally, endocrine variability markedly affected the
results due to the small subject sample size. For example, Subjects Ten and Fourteen
in SMO recorded a 104% increase and a 50% decrease, respectively, in testosterone
levels during the intervention. This variability demonstrates that a larger subject
sample size would indicate whether this accurately represents the sample population
or is an outlier response. Therefore, further investigations are needed with larger

sample sizes if non-elite athletes are used.

Interestingly, cortisol was reduced in all but one intervention (SSM), which
subsequently improved the TC ratio in all but one intervention. Cortisol may work
jointly with testosterone, moderating testosterone effects such that relationships
between testosterone and behavior are seen when cortisol levels are low (Cook &
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Crewther, 2014; Mehta & Josephs, 2010). Additionally, cortisol levels are linked with
stress levels, and this is potentially how the subjects' performances were primed to
increase in the 16RM back squat test. This may have been because stress levels
reduced, allowing mechanisms such as risk-taking, status-seeking behaviors, and
motivation to increase. In agreement with the results of Karageorghis et al. (1996,
2018) and the review of Tod et al. (2011), music and MSTI can act as an ergogenic
aid during strength training. Therefore, priming may be as much about controlling the
release of cortisol as it is about raising testosterone. SSM, MSTI, and SMO may have

controlled increased stress through better focus and less anxiety.

This study demonstrates that prior to undertaking a muscle endurance strength
exercise such as a 16RM back squat, priming through SSM, MSTI, and SMO can
improve the subsequent performance, potentially through a decrease in cortisol
concentration levels. We posit that providing a music playlist of a high tempo (> 125
bpm) that resonates with the athlete, implementing MSTI, or being viewed through
SMO allows athletes to concentrate on the task at hand and helps to improve muscular
endurance strength-based training. However, further research is required as studies
have yet to research the underpinning link of endocrine changes with MSTI and SMO
priming technique. Additionally, more research is required into using priming with
these techniques in maximal strength and power training, as there is a dearth in

literature.

In conclusion, simple, freely available strategies, such as SSM, MSTI, and SMO, can
prime an athlete's performance during muscular endurance training sessions such that
they are willing to work harder. Lastly, we should note that according to the calculated
95% CI, some individuals may experience a small decrease in performance following
any of these strategies, as Subject Four in the Trio group lifted 10 kg less in SMO
compared to control but not in SSM and MSTI conditions (25 kg and 20 kg
respectively). Thus, individuals are again advised to trial and develop the ergogenic
aids.
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9.5 Limitations

The limitations of this study are the small sample size of subjects and a lack of
professional athletes. Therefore, comparing males and females, varying age ranges,
and professional athletes versus amateurs could not be undertaken. Additionally, this
study only chose to test one set of a 16RM back squat, IMTP, and CMJ, whereas
testing during competition or a sprint test would add to the literature. Additionally,
analysis of the hormones applied a coefficient of variation of 9% to note any changes,

this potentially may be too large to note subtle changes in levels.

9.6 Conclusion

This investigation suggests that strength and conditioning coaches implement SSM,
MSTI, and SMO techniques for priming athletes to complement their athletic
endeavors, particularly when undertaking muscle endurance exercises. Over a long-
term training program, these performance improvements could enhance athletic
performance. As the priming methods studied appear to be efficacious through an
improved TC ratio, athletes are advised to trial all these free and easy—to—implement
ergogenic aids to develop a strategy that best responds to their preferences. Healthy
collegiate adults are advised to initiate priming at least 15 minutes before undertaking
a muscle endurance exercise to allow enough time for hormone change to become

systemic.
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Chapter 10

10.0 Conclusions, Practical Applications, and Directions for Future

Research

10.1 Overall Summary

This thesis delved into the impact of psychologically priming endogenous testosterone
concentrations on physical performance tests among resistance-trained subjects. The
insights gained contribute to existing literature, highlighting the potential of endocrine
level manipulation through priming to influence performance outcomes. Coaches and
academics can potentially implement the techniques explored in this research as a

pre-performance guide and a foundation for future investigations.

10.2 Key Findings

The systematic review and meta-analysis revealed a limited exploration of
testosterone priming through psychological techniques in physical performance tasks.
Notably, video clips emerged as a popular mode, with motivational clips of subjects
performing rugby skills successfully proving the most effective, with aggressive rugby
clips producing mixed results. Being observed resulted in the only other statistically
significant rise in testosterone levels. Despite many studies reporting improved
performance when these modalities are undertaken, the absence of research on
commonly used sports psychology techniques, such as MST and imagery,
underscored an opportunity for further exploration and a need to identify the

mechanisms underpinning these changes.

Performance markers used were mainly subjective, with player performances rated by
the head coach, which did improve when primed. Quantitative markers, such as 3RM
back squat, handgrip strength, and CMJ, reported mixed results, with muscular
strength markers improving, but power exercises did not. Again, a paucity of markers

resulted from the low number of studies. Another limitation of the studies researched
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is their lack of subjects and diversity. Additionally, the studies would have benefited
from consistently reporting cortisol levels alongside testosterone as these hormones
work in tandem, potentially affecting each other and subsequently affecting
performances. Therefore, to gain further knowledge of how priming is being
implemented, why it is implemented, and the prevalence of it among athletes, it was
agreed upon that the first study of this thesis was a survey.

Study 1 uncovered that a substantial number (78.7%) of subjects incorporated
psychological priming in their training or performance. Listening to music emerged as
the predominant strategy, followed by instructional and motivational self-talk. A
noteworthy aspect was the coach’s involvement in directing priming for 10.1% of
athletes. Interestingly, results from questions that were not part of the original aims
gave a greater insight. A large proportion of subjects felt their priming method
improved performance significantly (pc = 0.72; p = 0.011) via increased motivation
(38.1%), followed by reduced fear and anxiety (22.2%), competition/session intensity
(20.6%), and perceived increase in strength and power (15.1%). These traits have all
been shown to be associated with anabolic hormonal changes. Therefore, the findings
from this study show that a significant proportion of athletes from all performance
levels felt that their priming technique improved performance. This provided direction

in targeting techniques for the remainder of these investigations.

In response to these findings, three studies were designed to evaluate different
primers, focusing on the most popular from the survey, SSM and MST. These were
implemented in two of the three studies. Neither study found significant results with
these primers, even though testosterone increased throughout. However, they may
have motivated the subjects enough to incur a small effect size change in the load
lifted in a 3RM back squat, which is notable considering the difficulty of the exercise.
However, the results were only trivial when performing four sets of 4RM bench
presses. This could be due to the reduced muscle mass involved in the exercise or
the fact that performing more reps is more challenging to increase motivation.
However, individual responses suggest that tailoring priming techniques to individual
preferences could yield more significant results.
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The final two primers were passive, as the subjects were observed via social media
or in person. These techniques were chosen from the results of the systematic and
meta-analysis review, whereby the largest change occurred when being observed by
a stranger. Once again, testosterone rose but not significantly, predominantly with the
SMO technique. This, in turn, produced the most reps when performing a 65% 1RM
back squat (g = 0.33) compared to the OE condition (g = 0.28). These results were
similar, even though SMO had a much larger testosterone increase. Potentially, it is
harder to alter motivation when more reps are to be completed. However, the priming
strategy did modulate behavior enough to improve the number of reps performed. This
is potentially through the increased TC ratio, and motivation stemmed through the

perceived opportunity for status enhancement if they maximized their performance.

A limitation of the three studies was the number of subjects in each study, 15, 21, and
12, respectively, due to the Covid-19 pandemic. Therefore, a further study was
incorporated. The fifth and final study investigated SSM, SMO, or MSTI on
testosterone and cortisol concentration levels. These techniques were chosen
because they all had large changes in testosterone in the previous studies. Subjects
participated in one, two, or three interventions, depending on availability. A more
extensive set of performance tasks was also undertaken with CMJ, and IMTP was
added to the 16RM back squat to test testosterone’s effects on maximal strength,
power, and muscular endurance to provide the ability to note any small but meaningful
changes should they occur. Additionally, this allowed for more subjects to undertake
more priming techniques and performance markers. Lastly, a limitation of the analysis
could be that a coefficient of variation of 9% was implemented to note changes in
hormone status. This may have been too large to note subtle changes in concentration

levels.

Analysis of the results found statistically significant (p < 0.05) increases in the 16RM
back squat load in all conditions except SMO in the Trio group. The trio group only
had ten subjects out of the 28 that partook. Therefore, there may not have been
enough subjects to note significant changes, as a minimum of 24 subjects to partake
in the study was calculated using priori power analysis. Testosterone levels decreased
across all interventions compared to control. However, interestingly, MSTI recorded a
moderate reduction in cortisol (g = -0.59), as did SSM (g =-0.68) and SMO (g = -0.67)
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in the Trio group, with MSTI noting a large change (g = -0.98). These reductions
improved the TC ratio via lowering cortisol as opposed to raising testosterone. This
may be as efficacious as raising testosterone to increase motivation. This may indicate
part of the underpinning mechanisms at work during priming. It may be as important
to lower cortisol as it is to raise testosterone as cortisol receptors, and the HPA-axis
can suppress testosterone secretion and its subsequent binding to cells. Therefore, if
cortisol remains low, testosterone does not require raising as much as the
testosterone-cortisol ratio will be weighted towards testosterone implementing its

effects.

10.3 Practical Applications

The findings from this thesis show that a significant proportion of athletes from all
performance levels have already implemented priming techniques to improve
performance through the behavioral stimulus of listening to SSM and MST. The results
from the four studies of this thesis attest to the use of these techniques, with the
additional mode of being filmed for social media. Therefore, this provides potential
direction in targeting techniques for developing specific strategies. To facilitate this,
sporting organizations should allow such opportunities for S&C coaches and athletes
of all ability levels to access educational workshops or mentorships with sports
psychologists to expand their knowledge and confidence to implement psychological

strategies to improve preparation for training and competition.

These results support the current evidence for priming, with the addition of finding that
these strategies are also partly associated with changes in the TC ratio through either
an increase in testosterone or limiting the release of cortisol. It is recommended that
SSM, MSTI, and SMO priming strategies be implemented to “psych” an individual at
least 15 minutes before a warm-up for heavy load and muscular endurance resistance
exercise to allow enough time for hormone change to become systemic. When results
were analyzed per subject, responses appeared individualized, with some subjects
responding better or worse than the average. Therefore, individuals are advised to trial
all these free and easy-to-implement ergogenic aids to develop a strategy that best
responds to their preferences. Techniques ideally will raise testosterone so individuals
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work harder, take more (calculated) risks (or, rather, attempt to lift more weight and
perform extra repetitions), and keep cortisol low to not inhibit testosterone through
techniques that the athlete does not find stress-inducing. This particularly applies to
the use of social media platforms. Individuals must perceive them as a positive
addition to their current status and hierarchy within their team and community.
Therefore, it is suggested that these video-based opportunities be saved for days
when athletes are unmotivated or where maximum effort and intensity are essential to
guard against the possibility that repeated use of social media is subject to some
dilution of benefits. Furthermore, being observed can be off-putting; however, it may
not be detrimental to low-skill tasks such as those used within resistance training. That
said, it can cause small increases in cortisol, which, over time, may prove detrimental.

Therefore, caution is advised.

While these changes in load or repetitions completed may be slight, they are
meaningful and could significantly improve athletic performance over a long-term
training program. Therefore, it is recommended that simple, freely available strategies,
such as SSM, MSTI, MST, and SMO, should be implemented to prime an individual's

performance.

10.4 Directions for Future Research

Numerous areas could be investigated in priming testosterone for physical
performance in the future. This thesis investigated SSM, MST, MSTI, OE, and SMO
priming strategies. Many other techniques can be researched, such as physical
actions and watching video clips. Furthermore, due to the limited literature available,
further research is required on testosterone priming to determine the most efficacious
of these strategies. The role of cortisol should be researched to the same degree as
testosterone, given their dual hormone hypothesis. As this thesis has shown, priming
may have as much to do with raising testosterone levels as it is suppressing the
increase in cortisol. Additionally, a limited number of performance markers have been
researched to determine the efficacy of the altered hormonal homeostasis. Half the
studies reviewed used subjective measures such as rating player match
performances. More robust, measurable physiological markers could provide more
gravitas to the collected data.
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A limitation of the studies researched is their lack of subjects and diversity.
Investigating the effects of priming on amateur, semi-professional, and professional
men and women would add greater depth to the current literature. Lastly, longitudinal
studies would also clarify whether the stimuli were priming the testosterone or whether
other factors were affecting results and how long the present stimuli would affect

testosterone levels before the effect began to reduce.

In summary, this thesis advances our understanding of testosterone’s priming effects
on physical performance and offers practical insights for coaches and healthy adults
to optimize training and competition intensity. The identified gaps in the literature
present exciting opportunities for further research, fostering a more comprehensive
understanding of the intricate interplay between psychological priming, hormonal
responses, and athletic performance.
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Implemented by Athletes and Coaches to Improve
Athletic Performance
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London Sport Institute, Middlesex University, The Burroughs, Hendon, London, United Kingdom

Abstract

Collins, J, Bishop, C, Hills, F, Spiegelhalter, A, Cohen, R, and Turner, A. A survey into the use of priming techniques implemented by
athletes and coaches to improve athletic performance. J Strength Cond Res 37(1): 107-113, 2023—This study aimed to examine
the frequency and modes of psychological priming techniques and strategies being implemented by athletes of a variety of
performance levels. A 15-question, anonymous questionnaire was developed and shared via social media sites. The survey
implemented a quantitative method approach to collect background information (e.g., demographics, competition, and training
history), the prevalence of priming, and the methods used. Ninety subjects met the inclusion criteria (71 men, 18 women, and 1
subject did not identify their sex), with a median age of 28 = 7.47 years (range, 24-33 years) and training experience of 11 * 7.57
years (range, 8-18 years). Self-selected participation level accounted for 11 professional, 17 semiprofessional, and 54 amateur-
level athletes. Priming strategies were implemented by 79% of subjects without the use of a coach, 10% used strategies with their
coach, and 11% did not prime. For athletes, music was the preferred choice (27%), followed by instructional self-talk (24%),
motivational self-talk (23%), applied physical actions (20%), and watching videos clips (6.3%). Coaches preferred motivational
statements with 55% implementing this technique, followed by 27% using inspiring team talks, and only 18% playing music. Of
those who implemented a priming strategy, 66% found them to be either “very” or “extremely” effective,” With 38% of subjects
feeling that priming accomplished this through increased motivation, 22% felt that it reduced their fear and anxiety, 21% thought
that itimproved their intensity, 15% felt that it increased strength and power, and 2% felt that it improved endurance. The chi-square
test also found a significant (pc = 0.27; p = 0.011) relationship with the use of priming to increase motivation. These results
demonstrate that priming strategies are being used irrespective of coach intervention; therefore, educating coaches and athletes on
the implementation of priming techniques has its place when aiming to improve athlete performance.

Key Words: strategy, psychological, questionnaire, preparedness, physical enhancement

in question. For example, Gould et al. (10), interviewed the U.S.
1988 Olympic weightlifting team and reported their best per-
formances occurred after undertaking mental preparation tech-
niques of visualization, positive self-talk, and focusing on tactical
strategies.

In preparation for physical activity, athletes will typically un-
dertake a “warm-up” to physically and mentally ready them-
selves to perform (14). The mental preparation will typically
involve the implementation of cognitive and behavioral tech-
niques. Behavioral techniques are those not based on a conscious
mental strategy, such as listening to music, which potentially can
alter emotions and moods, heighten arousal, reduce inhibition,

Introduction

The primary role of strength and conditioning (S&C) coaching is
to enhance athletic performance and mitigate any potential risk of
injury (39). Therefore, professional practice emphasizes exercise
prescription, with the intention of creating progressive overload
and sport-specific neuromuscular adaptations. However, re-
search would suggest that the role is much more complex, with a
wide variety of skill sets (e.g., creating game day itineraries,
keeping teams to a schedule, being sideline managers, and han-
dling team discipline (24)) needing to be used to maximize athletic
performance (24,33). What is possibly given less consideration is
how S&C coaches can directly affect athlete training effort, be-

havior, and motivation and thus further adaptions by this means.
Psychological priming (also known as “psyching-up”) of an
athlete for a given physical task has been defined as “the use of
cognitive techniques designed to improve performance before or
during competition” (42). Early research from Owen and Lee (28)
suggested that successful athletes who use cognitive strategies
differently than less successful athletes produced greater athletic
performances, as a result of increased self-confidence and self-
efficacy, which in turn, helps regulate arousal for the physical task

Address correspondence to Chris Bishop, C.Bishop@mdx.ac.uk.
Journal of Strength and Conditioning Research 37(1)/107-113
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and induce higher states of functioning (15). Cognitive techniques
involve various structured psychological frameworks, these in-
clude imagery, self-talk, goal setting, arousal, and attentional
control (31,38,40). It has been postulated that these techniques
can increase focus of attention, self-efficacy, motivation, confi-
dence, mental activation, and physiological arousal (2,40). For
example, goal-setting facilitates self-regulation, with the goal
defining what constitutes an acceptable level of performance (19).
Therefore, effort and specificity are central to this framework
being successful (3).

Williams and Krane (44) commented that athletic perfor-
mance levels can be improved when cognitive behavioral
strategies are implemented. Lebon et al. (20) confirmed this

Copyright © 2022 National Strength and Conditioning Association. Unauthorized reproduction of this article is prohibited.
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Appendix C: Enzyme-linked immunosorbent assay

The protocol for extracting the data from saliva samples is:

Saliva samples are placed in a 96-well microtite plate

An enzyme with testosterone/cortisol conjugated to horseradish peroxidase is
added to each well

Samples are then incubated for an hour to allow time for testosterone/cortisol
to compete with the conjugated testosterone/cortisol to bind to the wells.
Unbound components are then washed away

A substrate called Tetramethylbenzidine (TMB) is now added

Bound testosterone/cortisol enzyme conjugate reacts to TMB turning the
solution a blue color

The optical density is read on a standard plate reader at 450mm

The amount of testosterone/cortisol enzyme conjugate present is proportional
to the amount of testosterone/cortisol in the sample

Results are plotted on a standard curve graph

Reliability

All samples are duplicated, with the final result an average of both results. Additionally,

control samples that are part of the enzyme-linked immunosorbent assay are tested

at the same time. Results of these samples must have a coefficient of variation of less

than 10% to be classed as reliable.
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