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Abstract
Background: Recent research has demonstrated the presence of heat being an effective
stimulus for increasing skeletal muscle and strength. The exposure of increased environmental
temperature combined with resistance training has been shown to amplify muscle adaptation
for hypertrophy and strength. However, research into the potential effects of using heat stress
combined with resistance training to increase performance criteria, such as speed and agility,
are minimal. Utilizing a hot environment coupled with an intense exercise regime has been
considered as a potential aid for sport preparation given the evidence that heat stress has on
promoting hypertrophy and strength. The desired result is to enhance athletic performance.
Aim: The aim of this study was to examine if (a) performing resistance training in a hot
environment for 10 weeks induces greater increases in muscle mass and (b) whether this
combination improves performance in speed, agility and strength compared to resistance
training in a standard temperate environment. Methods: 17 healthy male adults, who have
undergone a consistent regime of resistance training in the six months leading up to the study,
were distributed at random into two groups; (1) Intervention group (Heat n=8) training in 40°C
and (2) control group (Con, n=9) training in 23°C. Each group would follow a 10-week
resistance exercise protocol. To monitor time-course adaptations, lean body mass, speed, agility
and strength were measured at baseline, week 5 and week 10. Results: Over the selected
training period, there was no statistically significant difference observed between the two
groups or time x group interaction, over the 10-week exercise duration with respect to lean body
mass, speed, agility or strength. Conclusion: Compared to the resistance training regime in the
standard temperature condition of 23°C (group two), training results suggest heat stress in the
hot environment at 40°C (group one) had no effective stimulus in amplifying hypertrophic
adaptations in skeletal muscle nor in increasing performance in speed, agility or strength.
Certain hypothetical factors were implicated for heat stress being ineffective such as potential
counter-productive aspects from heat exposure or flawed methodology.
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1. Introduction
The pursuit of new modalities to improve sports training is an area of vital interest. The
enhancement of an athlete’s performance to win has been an age-old pursuit since the dawn of
competition. Consider contemporary sporting industries globally are now worth several billion
Euro’s annually, there is a substantial incentive to find new ways to maximize performance
professionally. This has led to an enormous interest in exploring new methods to enhance
performance to achieve desired results. One such area of exploration is in the adjustment of
environmental temperatures coupled with specific training methods.
Within the field of exercise science there are several essential environmental aspects to
consider. One of these aspects is the application and regulation of temperature. The presence
of heat is an important factor in terms of initial warm ups to prevent injury as well as its effects
in response to exercise stress. One such effect is the relationship between heat stress and skeletal
muscle, specifically in terms of protective mechanisms, hypertrophy and facilitating protein
synthesis. Heat presence alone upregulates physiological and cellular changes in muscle tissue
similar to exercise stress to promote favorable hypertrophic adaptations (Naito et al., 2012). A
topic of specific interest in this paper is the effect on skeletal muscle when exposed to heat or
hot environments, which can result in greater anabolic adaptations of muscle growth and
strength (McGorm et al., 2018). The application of resistance training alone to improve athletic
performance through increased muscle growth and strength is a well-established and common
practice for exercise enthusiasts and professional athletes alike (Kraemer & Ratamess, 2004;
Bird, Tarpenning & Marino, 2005). However, a growing body of evidence has shown promising
effects of amplified changes on muscle growth and strength when subjects performed resistance
training in heated environments (Kakigi et al., 2011; Goto et al., 2007). Optimizing increases
in muscle mass and strength are important in sporting performance as they require physical
qualities such as speed, agility and strength. Thus, resistance training is common practice in
that it can provide these aspects due to its commonality in sports preparation training (Sander
et al. 2013; Hammami et al., 2018). The research question posed in this study is whether the
effects of resistance training in a heated environment translate into increased speed, agility and
strength compared to resistance training in a standard temperate environment. This field of
research is relevant in potentially enhancing current training techniques as well as aiding sports
enthusiast and professional alike in the pursuit of perfecting their respective areas of training.
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2. Background
2.1.

Resistance training and performance

In a wide range of athletic sports throughout the world, there exist certain commonalities in
desired sports performance qualities. These qualities can be defined as being ‘fast’ and ‘strong’
while retaining abilities to make rapid directional changes in an agile pattern, such as the
movements displayed in American football or ice-hockey. During training seasons, athletes
perform a variety of physical exercises and conditioning methods to obtain their desired peak
performance qualities. A prime exercise method utilized is that of resistance training.
Resistance training is a method of training which creates an external force placed on muscles
usually from exercise equipment or body weight to increase physical strength, muscle mass and
endurance (Fleck & Kraemer, 2014). It is well established that resistance training is among one
of the most common practices in sport performance preparation (McGuigan, Wright & Fleck,
2012) across a variety of sports (Gabbett, Kelly & Pezet, 2007; Sheppard et al., 2008). This
commonplace is due to the dramatic augmentations in muscle and strength levels by adaptive
changes within the nervous system (Stone et al. 2003; Behringer et al., 2011) and targeted
muscles. By increasing muscle size through hypertrophic stimulus and initiated protein
synthesis (Fleck & Kraemer, 2014), this translates to increased lean body mass (skeletal muscle)
which influences overall physical performance positively (Mikkola et al., 2018; Weyand &
Davis, 2005). Increasing muscle quantity also renders greater amounts of “fast twitch” type 2
muscle fibers. These are contractile fibers involved in powerful bursts or force (Kreamer 2012,
p. 77). Sprinters primarily utilize type 2 muscle fibers when exerting large amounts of ground
force to achieve the relevant sprints needed for optimum speed (Weyand et al., 2000).
Numerous athletic sports also use type 2 fibers in explosive, power or anaerobic actions.
Increasing muscle mass for sports is also of interest if athletes are underweight, need to
hypertrophy certain underdeveloped muscles or are required to induce higher levels of lean
body mass needed for certain contact sports such as rugby, wrestling or American football.
Strength and muscle mass hypertrophy correspond to each other from resistance training
(Charlton et al., 2015) where usually early adaptions begin with strength increasing first while
hypertrophic elevation of muscle size follows (Bird, Tarpenning & Marino, 2005). By
improving strength through resistance training, higher strength levels benefit performance
factors and provides the neuromuscular system its ability to generate the highest possible force
in the shortest period of time. This translates to greater speeds of contraction, an asset in start
and acceleration phases in sports (Swinnen, 2016, p. 209). In addition, by increasing strength
2

through resistance training, muscles can endure performance at a lower rate of top capacity
which can reduce fatigue and improve efficiency (Kraemer & Häkkinen, 2002, p. 99). Agility
is also improved from resistance training by priming the muscle’s reactive ability to switch
from eccentric to concentric contractions more efficiently when making multi-directional
changes (Chaabene et al., 2018) and during deceleration (Keiner et al., 2013). Studies have
shown correlations between maximum leg strength and running speed (Peñailillo et al., 2016;
Young, McLean & Ardagna, 1995), lower body strength with agility (with respect to soccer
players) (Andersen, Lockie & Dawes, 2018) and lower limb strength of certain joint axis with
agility performance (Sonoda et al., 2018) for athletes requiring such essential attributes.
Although resistance training is a common practice, the pursuit of new modalities or aides to
improve the cellular stimulus effects similar to resistance training is an area of vital interest.
One such area of training exploration is in the environmental factor of temperature. The use of
heat and its effect on the skeletal muscle will be discussed in the following section.

2.2.

Heat stress and skeletal muscle

In the last decade there has been a large body of research examining the effects of heat stress
presence on skeletal muscle. Heat stress is an increased temperature within muscle fiber that is
a naturally occurring response in most activities requiring physical exertion on the body or else
resulting from a hot environment. Skeletal muscle is simply striated contractile organs attached
to bones by tendons which move the human body (Scalon & Sanders, 2007, p. 138). With the
presence of physical stress and disturbed homeostasis, surrounding cells produce “stress
proteins” called heat shock proteins (HSP). These attempt to restore homeostasis and reduce
injury from oxidative stress and thus protect other cellular tissue (Powers & Howley 2009, p.
256). Typically, this stress response from heat comes from physical exertions. However,
research has shown that heat treatments alone without exercise can induce a hypertrophic
cellular response to increase skeletal muscle, HSP expression and prevent muscle atrophy
(Naito et al., 2012; Uehara et al., 2004). These heat treatments are conducted in a controlled
environment with incubators where temperatures reach up to or around 40°C. HSP’s provide
protective roles in facilitating amino acid peptides during translation, prevent misfolding of
proteins and promote refolding when newly formed proteins require repair from cellular
damage (Naito et al., 2000). The enzyme cathepsin L, which relates to upgrading initiations of
protein degradation, are shown to decrease in the presence of 41°C heat exposure (Ohno et al,.
2012). Since muscle inflammation from mechanical stress is a part of hypertrophy initially
3

following damaged muscle fibers (Costamagna et al., 2015), certain cell signaling proteins or
cytokines are affected positively by heat stress. This also occurs with cellular proteins related
to a protein complex which controls the initial step to protein synthesis (Ohno et al., 2010).
Similar research has also shown the effect that heat has on muscle growth via activating satellite
cells (Oishi et al., 2009), a muscle stem cell responsible for repairing and regenerating damaged
skeletal muscle. Certain key hypertrophic signaling pathways such as kinase enzymes Akt and
p70S6K, which mediate protein synthesis, have shown to be enhanced by elevated temperatures
of 41°C (Yoshihara et al., 2013). With numerous articles demonstrating evidence linking the
use of heat alone in having potential effects on increased muscle mass, there is viable interest
to combine additional factors to complement this stimulus effect. The following section will
cover the integration of resistance training with the application of heat.

2.3.

Resistance training with heat stress

Given the interest with skeletal muscle response to heat, a certain number of research studies
have investigated the effects of combining heat stress with resistance training (Kakigi et al.,
2011; Goto et al., 2007). Being that heat and resistance training intend to have a hypertrophic
response to muscle, it is viable to combine the two methods in order to amplify effects brought
on by temperature and weight resistance overload stress. Kakigi (2011) showed effective
responses using a single leg exercise with heat therapy by significantly upregulating
mammalian target of rapamycin (mTOR), Akt and ribosomal protein S6 (rpS6). mTOR is a
critical enzyme which regulates and signals numerous cell growth factors that include mRNA
translation initiation of protein synthesis. The enzyme substrate rpS6 plays a role in increasing
translation rates for protein synthesis (Kakigi et al., 2011). Additional research demonstrated
greater increases in cross sectional area of the bicep region and isometric flexion force when
performing elbow flexor/extensor exercises with heat at low intensity compared to the same
process without heat (Goto et al., 2007). Although this result is of interest in combining heat
stress with resistance training, more elaborate research should be considered since resistance
training combined with heat stress studies are minimal. Furthermore, the referenced studies
only use a single resistance exercise session when combined with heat. Thus, repeated training
sessions with heat stress to measure a longitudinal effect would be interesting to incorporate.
Increasing muscle mass is a slow process and requires multiple weeks and training sessions to
induce a noticeable change in hypertrophy (Schoenfeld, Grgic & Krieger, 2018). Furthermore,
exercise selection from Goto (2007) could be considered substandard due to using a single
4

exercise as most individuals training recreationally used multiple resistance training exercises.
Therefore, a structured resistance training program to favor muscle hypertrophy is advisable to
implement in order to achieve a measurable effect. Although the previously mentioned studies
have measured the influential effect heat has on increasing muscle mass with and without the
presence of resistance training stress, minimal research has been conducted to measure how
effective heat stress combined with resistance training can be in improving athletic
performance. As several studies have separately shown promising results via the method of heat
treatment and the application of resistance training, perhaps these methods combined translate
into improved performance in speed, agility and strength for athletes. Thus, by implementing a
10-week structured resistance training routine within a controlled hot environment (40°C) visà-vis a standard control environment (23°C) and measure potential adaptive changes which
translate to improved physical performance in speed, agility and strength.

2.4.

Aim

The aim of this study is to determine if performing resistance training in a controlled heated
environment for 10 weeks can increase muscle mass and performance in speed, agility and
strength.

2.5.

Research questions

1. Does resistance training combined with a hot environment induce greater increases in
muscle mass?
2. Does resistance training combined with a hot environment improve performance in
speed, agility and strength?

3. Methods
3.1.

Participants and experimental design

The participants in the study consisted of 17 healthy male adults (age 22±3 years, body mass
77.6±12 kg) with training experiences in one to three resistance training exercise sessions per
week for the past six months. To measure changes in muscle mass, speed, agility and strength,
17 males in a randomized control trial were randomly selected for two separate groups to
measure four performance tests: 10-meter sprint, agility test, 1RM bench press and leg press.
5

Body composition was measured using a Dual-energy X-ray absorptiometry (DXA) scan to
record lean body mass. The two groups of participants were the intervention group, which
trained in 40°C (Heat, n=8) and the control group (Con, n=9), which trained in 23°C. The
training sessions consisted of a resistance training routine lasting 10 weeks with three exercise
sessions per week. To monitor time-course adaptations, four performance tests and lean body
mass were measured at baseline, week 5 and week 10 of the 10-week training duration.
Familiarization of training procedures and performance tests took place 2 weeks prior to
baseline. The entire research study was conducted at Victoria University College of sport and
exercise science in Melbourne, Australia.

3.2.

Inclusion and exclusion criteria

Participants had to be male and between the age of 18 – 35. Reasoning for only males being
selected was because the project coordinators deemed the initial strength and LBM ratios of
females and males to be broad which could potentially affect results. Additionally, the concern
of female mensural occurrence affecting training attendance was another factor for exclusion.
They were required to have had previous resistance training experience in the proceeding 6
months with a weekly training routine of one to three resistance training sessions per week.

Training experience was considered necessary since the resistance training sessions
were extensive and rigorous. Participants were volunteers and screened prior to the beginning
of this study. Each prospective participant was informed of the study overview with an
information form and informed consent sheet. For exclusion criteria, two medical
questionnaires were to be completed. The following medical conditions excluded participation
due to safety concerns: Type 1 or 2 diabetes, chronic heart disease, cardiovascular disease,
severe hypertension (systolic 160-179 mmHg systolic, diastolic 100-109 mmHg) and recent
sustained injury which could impede exercise performance and increase risk of additional
injuries when performing physical tasks required to participate in the study.

3.3.

Testing procedure overview

The project timeline for testing is shown in Figure 1. In the first two weeks each participant
took part in separate testing sessions within each week. Week 1 consisted of familiarization
with the performance tests and resistance exercise routine. Week 2 consisted of baseline
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performance tests and DXA scan. Performance tests and DXA scan were conducted again
during week 5 and week 10 during the resistance training period.

Figure 1. Timeline for familiarization, training duration and performance/DXA scan measurements.

3.4.

Familiarization session

Week 1 has each participant attend an introduction to the standard warm up and resistance
training protocol. The warm up consisted of a 5 min cycle using an ergometer at 1.5 Watts/kg
body-mass. Then each participant was tested by performing the four performance tests which
were 10-meter sprint, agility test, 1RM bench press and leg press. Every test was executed in
the same order. For the resistance exercises, each participant was shown proper form and
instructed to personally perform each exercise in order to ensure proper technique.

3.5.

Testing procedures

Week 2 consists of baseline testing in two separate visits within a week. During the first visit
each participant’s body composition was measured using the DXA scanner to measure changes
in total lean body mass. Second visit participants warmed up using the cycle ergometer for 5
mins and performed the four performance tests where each individual baseline result was
recorded. All participants were then assigned to their selected group and began a 10-week
training program the following week.
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3.6.

Performance tests

There were four separate performance tests to assess changes in speed, agility and strength over
the 10-week training period. Every performance test was measured in order of speed, agility
then strength. A five min warm-up using the cycle-ergometer at 1.5 W/Kg was always
completed before the first test.

3.6.1.

Speed

To measure speed each participant performed a 10-meter sprint (Figure 2) three consecutive
times. This test is a common measurement to assess short-distance speed for athletes such as
linemen in American football (Haff & Triplett 2016, p. 253). The device to measure speed was
an electronic timing gates system called Smart Speed Pro (Smart-Speed, Fusion sport, Sumner
Park, AUS). The fastest score in seconds from three sprint trials was collected for analysis. Four
timing gate sensor tripods were set up along a 10-meter distance to sprint between: Two sensors
at the start and two at the 10-meter finish line. The smart speed pro system utilizes a computer
app downloaded to an Apple iPad and synced to the Smart speed gates timing system. The
speed timing system begins by turning on each sensor using the Smart Speed app, which
displays bright green lights on top of each tripod once activated. Before the first sprint test, a
volunteer walked between each tripod sensor to confirm the timing app program functioned
properly. The participant was then positioned in front of the first two tripods and once the app
was activated, each timing gate sensor exhibited a green light. A three second countdown was
then given to initiate the sprint start. The timer begins once participants run through the first
two sensors and ends when passing the last two sensors. Time was measured through the Smart
Speed app in seconds and the fastest score from three attempts was recorded.

Figure 2. 10-meter sprint performance test diagram.

3.6.2.

Agility

To measure agility, participants performed a T-test agility run (Figure 3) using the Smart Speed
Pro electronic timing gates system. This test was chosen since it’s a standard agility assessment
8

in sports requiring multi-directional movements during competitions such as tennis or soccer
(Haff & Triplett 2016, p. 280). The fastest score from three attempts was recorded. This agility
test was structured in a T-shape form using three orange cones. Two Smart Speed timing gate
sensors were set up to record the start and finish of each test. Before the initial agility test, a
volunteer will perform a test run to confirm each sensor functions properly. Each participant
began the test by running between the first two sensors which starts the timer, ran 10 meter
diagonally to touch the first cone, shuffled sideways 5 meters left to touch the second cone,
shuffled back and passed the first cone to touch the third cone located 5 meters right from the
first cone, shuffled back and touched the first cone and then sprinted backwards 10 meters
diagonally to pass the two sensors, stopping the timer and test.

Figure 3. Agility T-test diagram

3.6.3.

Strength

This performance factor was measured as maximal strength with 1 repetition maximum test
(1RM) using a leg press (Figure 4) and barbell flat bench press (Figure 5) exercise. The 1RM
bench press was chosen to assess upper body strength due to it commonality for testing maximal
strength in universities sports programs like the National Collegiate Athletic Association (Haff
& Triplett 2016, p. 265). The 1RM Leg press is not a standard strength test to assess lower body
maximal strength compared to the back squat but was chosen due to being a safer performance
measure and is included in effective physical evaluation assessments for strength (Haff &
Triplett 2016, p. 442). Weight selection for both performance tests was estimated using a Rating
9

of Perceived Exertion Scale (RPE) of 6 – 20; rating 6 signifies no exertion and 20 is maximal
exertion. A total of six sets excluding the 2 warm ups were required to progressively achieve
1RM. A rating number was given after completing each set. First warm up set was 40 percent
of estimated 1RM for 10 reps, RPE scale (< 11). Second warm up set was 60 percent of
estimated 1RM for 5 reps, RPE scale (12 – 13). The following 6 sets were 85, 95, 100, 100 and
100 percent of 1RM with 3 – 5 min rest between each set. RPE scale for set 1 was (14 – 15),
set 2 (16 – 18), set 3, 4, 5 and 6 were (19 – 20). 1RM Protocol was selected and previously used
by the Institute of Sport, Exercise and Active Living (ISEAL), Victoria University, Melbourne,
Australia.

a.

b.
Figure 4. Start (a) and full repetition (b) during leg press strength test.

a.

b.
Figure 5. Start (a) and full repetition (b) during flat bench press strength test.
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3.7.

DXA scan

To measure muscle mass, complete DXA (Lunar iDXA, GE Healthcare, AUS, 2011) scans
were performed to record total lean body mass. Each scan was performed by the Principle
Investigator (PI) at Baseline, Week 5 and Week 10 of the project timeline. Lean body mass is
defined as body weight minus body fat. The remaining weight being measured are organs, skin,
bones, body water and muscle mass. Participants were instructed to avoid alcohol, caffeine and
fast 12 hours before each measurement.

3.8.

Resistance training protocol

For the next 10 weeks after week 2 of testing procedures, participants began weekly resistance
training sessions for the entire body. The training program was designed by Victoria University
staff member Dr. Andre Nelson to specifically increase hypertrophy through including
sufficient volume and training frequency. Power lifts or explosive exercises were excluded due
to limitations of room size. Each subject trained 3 days a week, with the task of training each
major muscle group using 8 exercises. Every training session was supervised. Each exercise
began with 3 set of 8 repetitions per set with a pre-set weight. Rest between sets was either 60
or 120 seconds. Standard repetition tempo was 3 sec concentric and 3 sec eccentric. Certain
exercises were set at a 3 sec concentric and 2 sec eccentric tempo. When participants could
perform more than 12 reps, weight was increased. Before every training session a 5 min warmup using a cycle-ergometer at 1.5 W/Kg was performed. A session rating of perceived exertion
(sRPE) was obtained once the participant completed a training session to assess session
difficulty. sRPE scale ranged from 0 – 10. Certain exercises were executed in a sequential order
and the majority of exercises were done in a “super set” manner, a method involving two
separate exercises and moving from one exercise to another once a set is completed. The rest
period duration between exercise sets during supersets is determined by the type of resistance
exercise. To assess training load for every workout session and between each set, Rating of
Perceived Exertion (RPE) was implemented after every exercise set completed to quantify if
training load needed to be lowered, remain the same or be increased. All training logs were
recorded using Microsoft Excel spreadsheet software to keep track of each subject’s training
weight load. The subsequent training sessions used weight recorded from previous training
sessions to set up accurate loads for the first set of each exercise for the next session. A sample
outline of the resistance training protocol for the Monday, Wednesday and Friday training
sessions are found in Table 1.
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Table 1. Resistance training weekly program outline.
Day
Monday

#
1
2
3
4
5
6
7
8
Wednesday 1
2
3
4
5
6
7
8
Friday
1
2
3
4
5
6
7
8

3.9.

Exercise
Set
High hip deadlift
Sequential
Barbell front squat
Sequential
Barbell bench-press
Super set
Barbell bent-over row
Super set
DB chest press
Super set
Crunches
Super set
DB curl
Super set
Triceps overhead extension Super set
Sumo deadlift
Sequential
Zercher squat
Sequential
DB 1-arm row
Super set
Incline barbell bench-press
Super set
Horizontal pull
Super set
Prone bridge
Super set
Barbell overhead press
Super set
DB Triceps kickback
Super set
High hip deadlift
Sequential
Barbell front squat
Sequential
Barbell bench-press
Super set
Barbell bent-over row
Super set
DB chest press
Super set
Crunches
Super set
DB curl
Super set
Triceps overhead extension Super set

Reps
8
8
8
8
8
16
8
8
8
8
8
8
8
4
8
8
8
8
8
8
8
16
8
8

Sets
5
5
5
5
5
4
4
4
5
5
5
5
5
4
4
4
5
5
5
5
5
4
4
4

Tempo
3:3
3:3
3:3
3:3
3:3
3:2
3:2
3:2
3:3
3:3
3:3
3:3
3:3
60:
2:2
2:2
3:3
3:3
3:3
3:3
3:3
3:2
3:2
3:2

Rest (sec)
120
120
120
120
120
120
60
60
120
120
120
120
120
120
60
60
120
120
120
120
120
120
60
60

Heat and standard stress protocol

Total body heat stress was induced by the sport and exercise facility’s climate chamber (Heuch,
Dandenong South, VIC, Australia) (Figure 6). Temperature was controlled by a climate
chamber control panel and set to 40°C (7) for the heat group. It takes approximately 30 mins
for the chamber to reach any given set temperature. Apart from temperature, the climate
chamber also controls humidity via its stainless-steel exhaust found inside the chamber room
(Figure 8). Humidity level was set at 30% relative humidity for the heat group. This was chosen
as a safe humidity level for heat participants to tolerate when exercising. A higher humidity
level increased the risk of damaging computer equipment from greater water vapor presence
and could potentially increase training issues, such as, difficulty grasping resistance exercise
equipment due to wet conditions. Humidity for the control group was measured by a hydrometer
to be ~30% relative humidity and serve as a typical level in a normal room temperature
environment. Standard temperature for the control group was average room temperature at
23°C from air conditioning and all participants from both groups conducted their training inside
the same climate chamber. The chamber entrance is a sealed door which remained closed during
12

each heat group training session. During control group training sessions, the chamber door was
kept open and the climate chamber was shut off. All weight resistance training equipment was
inside the chamber (

Figure 9). Only one participant was training in the

climate chamber during their scheduled session.

Figure 6. Lab facility climate chamber.

Figure 7. Climate chamber control panel.

Figure 8. Chamber exhaust vent.

Figure 9. Training equipment inside chamber.

3.10.

Data collection

All data was collected using separate devices and software. During training intervention, all
data was recorded using Microsoft Excel software. For performance tests, 1RM data for
strength from bench press and leg press were recorded by written score notes on record sheets
and transferred to Excel. Sprint and agility time data were collected in the same basketball court
at Victoria University using an Apple iPad with software synced to the Smart-speed timing
gates to record start and finish times, which were recorded on performance sheets and
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transferred to Excel. Body composition data was collected using a DXA scan and lean body
mass results were displayed in a printable analysis sheet and entered into an Excel file.

3.11.

Statistical analysis

All data once collected were first calculated to achieve a mean value from each variable. Data
was expressed as mean ± standard deviation. Statistical analysis for the data was based on
normality test using Shapiro-Wilks and if normally distributed, a two-way repeated measures
ANOVA was used to determine intra and inter-group comparisons for performance tests and
DXA scan. This repeated measures analysis determined main effect (sig difference) for “time”
and interaction effect (sig difference) for “time x group” from within subject effect. This
analysis also calculated main effect for “group” between subject effect. An independent
samples t-test was used to determine baseline difference between groups. Post-hoc test Turkey
was conducted if a significant difference did occur to demonstrate where the significance
appeared. The set significance alpha (p – value) was 0.05 and all analysis used a 95%
confidence interval.

3.12.

Ethical and social considerations

Due to the use of a climate chamber, resistance training sessions with the use of free weights
and a battery of physical performance tests, ethical approval was required from the ethics
committee at Victoria University, Melbourne, where the study was being conducted.
Information about risks associated with heat exposure and the performance measurement
modalities were provided to all participants. An informed consent was provided to all subjects
to read and sign before participation. All subjects were informed of the option to cease
participation at any time during the study. Certain risks from a hot environment included heat
exhaustion. Signs and symptoms of heat exhaustion are elevated respiratory rate or pulse,
extreme perfusion, headache, dizziness, nausea, vomiting, irritability and pale facial
appearance. Resistance training and performance tests risks include muscle stiffness, delayed
onset soreness and muscle strains. Greater risks include myocardial infarction as well as
muscular-skeletal injury from accidents involving equipment and falls, both of which risk
bodily harm. If training in a hot environment shows promising results for increased athletic
performance, this could provide a new type of ancillary training aide for athletes, exercise
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enthusiasts and avid resistance training advocates to improve muscle mass levels, strength and
performance.

3.13.

Validity and reliability

To assess and measure body composition this study utilized a DXA Scan to record lean body
mass. From previous research, validity was assessed by comparing a computed tomography
(CT) scan to a DXA scan by both measuring total abdominal tissue mass; the average Pearson’s
® correlations between the two readings were (r = 0.858) and test-retest reliability for the two
separate trials was an intra-class correlation of (r = 0.94) (Glickman et al. 2004). These results
demonstrate high validity and reliability. Additional studies comparing validity include the
measurement accuracy of comparing a Bod Pod and DXA scan for body fat percentage using
Pearson®(r) correlation, which was a high correlation of (r = 0.96) (Ballard, Fafara &
Vukovich, 2004) and a separate study showing excellent test-rest reliability for body fat tests
from the DXA scan with an intra-class coefficient of (r= 0.996) (Daryl 2010). (Lake et al.,
2018). The Smart Speed electronic timing gates system validity was tested comparing changeof-direction speed test using a Change-of-Direction and Acceleration Test against an Illinois
agility run. Results from Pearson’s test was a high correlation of (r = 0.92). For reliability, a
test-retest of two separate Change-of-Direction-Acceleration Tests were measured and intraclass correlation result was (ICC = 0.84) (Lockie et al., 2013). The study showed valid and
reliable measurements. For 1RM testing, a flat bench press and leg press machine were used.
Both showed to be reliable from a study where both genders scored high total intra-class
correlation coefficient scores for the bench press (ICC = 0.999) and leg press (ICC = 0.998),
well over the acceptable range of (>0.70) (Seo et al., 2012). For validity of the 1RM for bench
press, a standard plated bench press was compared to a chain loaded bench press using
concurrent validity and Pearson’s correlation. Both genders were involved and a high
correlation between both exercises was found for both male (r = 0.95) and female (r = 0.80)
(McCurdy et al., 2008). For the leg press 1RM, validity was assessed by comparing the standard
leg press to a regular leg extension machine. Using Pearson’s test to calculate correlation,
results showed a moderate to large correlation (r = 0.72) (Verdijk et al., 2009). 1RM for both
strength tests showed valid and reliable scores.

4. Results
This study examined the effects resistance training had on increasing muscular adaptations
in a heated chamber over a 10-week period. Results could hypothetically translate into
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enhancing speed, agility, strength and muscle mass. In the total four performance tests (Agility,
10 m Sprint, 1RM Bench Press and 1RM Leg Press) conducted on 17 males, 9 control (CON)
and 8 heat exposed (HEAT), in a randomized control trial were measured at baseline, week 5
and week 10 to assess performance changes in speed, agility and strength. Subject
characteristics are displayed in Table 2. Performance test results are presented in Table 3 and
Figures 10 - 14. Body composition was analyzed by DXA scan to measure changes in lean body
mass and results for baseline, week 5 and week 10 are presented in Table 3 and Figure 14.
Baseline p – values are included to demonstrate onset measurements were not significantly
different to demonstrate either group had an initial advantage. Using a two-way repeated
measures ANOVA, the within-subject effect for “time” factor showed if there were significant
differences for both groups over 10 weeks for each measurement point, “time x group”
interaction showed if there were any significant differences between groups over time for each
measurement point. Between-subject effect for “group” factor indicated any significant
difference between groups in total. For both groups, change from baseline to week 10 values
were compared and presented in percentage (%) and difference between final week 10
measurements were presented in seconds (secs) or kilogram (kg).

Table 2. General participant characteristics for age, body weight and height.
Age (yrs)

Body weight (kg)

Height (cm)

Control group (n = 9)

21.3±2.9

75.5±12

177.8±9.3

Heat group (n = 8)

23.2±3.3

79.5±13

181.2±7.8

Table 3. Mean±SD. Descriptive values. Data presented in mean ± standard deviation for control (n=9) and heat
(n=8) group for performance tests and DXA scan at baseline, week 5 and week 10. * Significant difference in
group, time or significant time x group interaction.
Control group (n=9)
# Test

Baseline

Heat group (n=8)

P - value

Week 5

Week 10

Baseline

Week 5

Week 10

Group Time

Time x Group

1 Sprint (sec) 1.96±.09

1.95±.08

1.93±.09

1.90±.14

1.88±.11

1.88±.12

0.232 0.191

0.472

2 Agility (sec) 11.74±.76

11.50±.76

11.61±.99

11.36±1.03

10.79±.65

11.06±.93

0.19

3 Bench (kg) 71.78±18.65

73.78±16.39

75.83±16.06

75.63±15.51

78.81±15.89

79.37±15.34

0.603 0.028* 0.854

0.006* 0.38

4 Leg (kg)

153.36±34.91 161.57±37.53 177.50±45.21 158.55±32.52 164.08±34.09 173.71±36.10 0.942 0.001* 0.26

5 DXA (kg)

53.95±8.39

55.022±7.96

56.15±8.38

54.89±7.41

16

55.57±7.31

55.89±7.48

0.915 0.001* 0.2

4.1.

10-Meter sprint

The 10-meter sprint performance test result was based on which values had the lowest scores
since this test measured speed of completion (Table 3, Figure 10). Baseline values between
groups were not significant (p = 0.365). Results showed no statistically significant difference
in speed for time effect (p = 0.191) and “time x group” interaction (p = 0.472). Between-subject
test indicated no statistically significant difference between groups for speed (p = 0.232). Week
10 measurements had a difference of 0.05 seconds between groups. The percent increase for
speed was +1.5% for CON and +1.1% for HEAT.

10 Meter sprint

CON

HEAT

2.5

Seconds (sec)

2.3
2.1
1.9
1.7
1.5

Baseline

Week 5

Week 10

Figure 10. Performance test 10 Meter Sprint values, Mean ± SD Seconds, for control group (n=9, blue) and heat
group (n=8, red) in three repeated measurements at baseline, week five and week ten. * Indicates significant time
effect compared with baseline value for both groups (P < 0.05).

4.2.

Agility test

The performance test for agility also measured scores based on completion of speed but with a
longer and more elaborate course. No significant difference at baseline (0 = 0.398). Results
from Table 3 and Figure 11 showed no statistically significant difference between groups (p =
0.190) and no significant interaction for “time x group” (p = 0.380). There was a main effect

17

over time (p = 0.006) for agility. Final performance test had a difference of 0.55 sec between
groups. Agility speed increased +1.1% for CON and +2.6% for HEAT.

Agility T-test

CON

HEAT

15

Seconds (sec)

14
13

12
11
10
9
8
Baseline

Week 5

Week 10

Figure 11. Performance agility test, Mean ± SD Seconds, for control group (n=9, blue) and heat group (n=8, red)
in three repeated measurements at baseline, week five and week ten. * Indicates significant time effect compared
with baseline value for both groups (P < 0.05).

4.3.

Bench press

For 1RM bench press performance test, no significant difference at baseline (p = 0.653) was
recorded. Results (Table 3, Figure 12) demonstrated no statistically significant difference
between groups in maximal strength (p = 0.942) or “time x group” interaction (p = 0.854) for
the 10-week training period. For time effect there was significant difference (p = 0.028) over
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the training duration. Week 10 bench press measurement had a 3.54 kg difference in strength
between groups. Control group increased 1RM weight by +5.6% and Heat group by +5.0%.
1RM Bench press

CON

HEAT

100
95

Kilograms (Kg)

90

85
80
75
70
65
60
55
50
Baseline

Week 5

Week 10

Figure 12. Performance test bench press, Mean ± SD Kilograms, for control group (n=9, blue) and Heat group
(n=8, red) in three repeated measurements at baseline, week five and week ten. * Indicates significant time effect
compared with baseline value for both groups (P < 0.05).

4.4.

Leg Press

The final performance test which assessed 1RM strength was leg press. At baseline no
significant difference was recorded between groups (p = 0.756). Results in Table 3, Figure 13
showed no statistically significant difference between groups (p = 0.915) and no significant
difference for “time x group” interaction (p = 0.260). There was a main effect from resistance
training over time (p = 0.001) for all participant’s 1RM leg press performance. Week 10 had a
3.79 kg difference in 1RM between groups and percentage strength increase was +15.7% for
CON and +9.6% for HEAT subjects.
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1RM Leg press

CON

HEAT

220

Kilograms (Kg)

200
180
160

140
120
100
Baseline

Week 5

Week 10

Figure 13. Performance test leg press, Mean ± SD Kilograms, for control group (n=9, blue) and heat group (n=8,
red) in three repeated measurements at baseline, week five and week ten. * Indicates significant time effect
compared with baseline value for both groups (P < 0.05).

4.5.

Lean body mass

At onset baseline measurements, there was no significant difference between groups (p = 0.811)
DXA scan results (Table 3, Figure 14) showed no statistically significant difference in lean
body mass between heat and control group (p = 0.915). No significant “time x group”
interaction was demonstrated (p = 0.200). A statistically significant difference was found over
time (p = 0.001) for all subjects. Final measurements for week 10 presented a 0.26 kg difference
between groups. Males in control group increased LBM by (+4.1%) and heat group by (+1.8%).

Kilograms (Kg)

Lean body mass

CON

HEAT

65
63
61
59
57
55
53
51
49
47
45
Baseline

Week 5

Week 10

Figure 14. DXA scan for lean body mass (LBM), Mean ± SD Kilograms, for control group (n=9, blue) and heat
group (n=8, red) in three repeated measurements at baseline, week five and week ten. * Indicates significant time
effect compared with baseline value for both groups (P < 0.05).
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5. Discussion
The results from each performance test and body composition analysis demonstrated that
performing resistance training in a hot environment at 40°C for ten weeks did not significantly
increase muscle mass and performance in speed, strength and agility as compared to training in
ambient conditions. The main premise of this project was to test evidence from previous
research stating that heat stress alone and combined with resistance exercise would amplify
muscular adaptations by significantly increasing skeletal muscle and strength levels. Given this
evidence, our study would additionally investigate if heat stress could amplify the performance
enhancing effects from resistance training which could potentially translate into improved
performance of speed and agility. Overall most performance tests and lean body mass showed
statistically significant improvements for all participants over the 10-week training period,
except 10-m sprint speed. However, a trend of no significant differences was shown for “time
x group” and between groups; the heat group did not significantly gain more lean body mass or
out-perform the control group for any of the performance tests. In most cases the control
subjects achieved greater non-significant values in LBM, sprint speed and strength. These
results conflict with previous research showing evidence of potentially improving physical
strength and muscle mass from heat stress exposure.

5.1.

Lean body mass

Results from DXA scan showed no significant difference in lean body mass (kg) between heat
and control (p = 0.915) and “time x group” interaction (p = 0.200). Lean body mass did increase
overall for time in every male over the ten-week training period (p = 0.001). The nonsignificant difference between groups was 2.2 kg (+4.1%) increase for training at room
temperature (23°C) and 1 kg (+1.8%) increase for heat exposure training. The presence of heat
stress combined resistance training did not have a meaningful effect on increasing muscle mass
since no difference between groups was obtained and control subjects attained greater lean body
mass. These results conflict with previous research showing promising signs of potentially
increasing muscle from heat exposure. It’s important to note that the majority of studies on this
area of interest demonstrating evidence of heat stress inducing hypertrophy showed only
favorable changes in hypertrophic cellular signals such as mTOR (Yoshihara et al., 2013;
Kakigi et al., 2011), muscle forming satellite cells (Ohno et al., 2010) stress chaperoning heat
shock proteins (Naito et al., 2000) and downregulating muscle atrophy enzymes (Ohno et al.,
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2012). A majority of these positive heat stress studies did not measure skeletal muscle mass or
lean body mass changes, only cellular signaling changes indicating muscle mass would
potentially increase. When body composition was addressed from previous research providing
positive results of increased muscle, the method used was cross-sectional area measurement of
single limbs such as bicep brachii (Goto et al., 2007), a single leg muscle like the vastus lateralis
and cross-sectional area of this leg’s muscle fiber (Goto et al., 2011). The difference is our heat
stress study measured complete muscle mass changes in the form of lean body mass using a
DXA scan, which could give significance to the conflicting results from this study and previous
research showing favorable changes. Previous research has reported similar outcomes of poor
results on increasing lean mass (Stadnyk, Rehrer, 2018) from muscle heating during resistance
training, over 12 weeks using separate groups and the difference from DXA scans were trivial
(p = 0.94). It was theorized that elevating heat shock protein expressions dramatically from heat
exposure created substantial protective effects to counter resistance training induced muscle
damage. However only a knee extension exercise was used and heat stress was applied only on
the thigh. Other studies involving heat shock proteins’ response to heat and resistance training
for 6 weeks on potentially increasing LBM showed no significant main effects or interactions
(Jones, 2017). Heat stress has also been indicated to inhibit muscle hypertrophy (Frier & Locke,
2007) when heat stressed rats were exposed to 42°C for 15 mins, 24 hours before overloading
their plantaris muscle. Results showed lower levels of muscle mass increase, reduced muscle
protein elevation and contractile protein content seven days later compared to non-heat stressed
rats who increased all these skeletal muscle variables. Again, the authors suggested heat shock
proteins being elevated from heat prior to exercise stress played a protective role from inducing
appropriate overload stress on muscle fibers which then reduced numerous hypertrophic
signals. Excessive protective HSP activity could be an additional hypothetical cause for this
study’s lower non-significant LBM value for heat subjects compared to the control group.

5.2.

Strength, speed and agility

Results from each performance test showed no significant difference between groups and
interaction, but collectively every participant did demonstrate an increase in agility and strength
but not speed. The presence of heat stress did not have a noticeable effect on improving muscle
mass and strength, which was proposed to potentially assist in improving speed and agility.
Strength, which was measured as maximal 1RM strength did not differ significantly between
groups and interestingly the control subjects demonstrated a larger non-significant 1RM value
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in bench press and leg press. These results disagree with previous studies showing the contrary.
Goto et al., (2011) had shown positive increases in strength from 10 weeks of heat application
on subject’s quadriceps region. However, there was no control group, heat exposure was 8 hours
a day, 4 days a week and heat presence were placed topically on one leg using a steamgenerating sheet, which could indicate the difference from our results due to the diversity of
methods. The same lead researcher Goto et al., (2007) also demonstrated increases in elbow
flexor strength from heat stress and resistance training using a similar methodology in terms of
heat presence duration of 60 mins and 10-week training period. The main difference was in
methodology by using only two exercises for the elbow flexor/extensor muscles and training at
>50% 1RM intensity during the remaining 30 mins of heat exposure. Variations in Goto et al.,
(2007) number of exercises, intensity and heat exposure during training could explain
differences in strength outcome with our present study. Exercise intensity can play a role in
attempting to improve strength when combining resistance training and heat; although, in recent
research. improvements were small (Miles et al., 2019) but intensity was greater compared to
this present study with 1RM ranging between 70 – 85% and repetitions not exceeding 8 per set.
Our results did agree with findings from Stadnyk et al., (2018) where strength measured as
peak isokinetic torque showed no difference between groups (p = 0.84) from a 12-week training
duration and the control group obtained a greater non-significant value. Although, the resistance
training protocol was different in that it used only 1 knee extension exercise, 4 sets of eight
reps, three sessions a week with heat stress applied through local muscle heating placed only
on the thigh. In contrast, the present study involved a more elaborate training routine with total
body heat stress exposure. Similar research results from Jones, (2017) also showed no
difference between groups when measuring strength from 5RM back squat assessments from
subjects following a similar resistance training routine to our study in terms of number of
exercises, sets and repetitions with complete heat exposure using a sauna. Differences include
a six-week training period and 15 min heat exposure (45 – 50°C) after each training session. A
common trend from previous research and the present study are the wide ranges of different
methods and study designs which can explain these conflicting results when measuring strength
and lean body mass. However, the present study shows heat stress having no significant effect
on increasing maximal strength and muscle mass between groups or achieving a significant
time x group interaction. The resistance training protocol was effective with significantly
increasing LBM, agility and strength for all subject over time in 10 weeks.
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For speed and agility, results for 10-meter sprint and agility T-test showed no significant
difference between groups nor significant interaction of time x group. The subject test did
indicate a significant time effect for agility (p = 0.006) but not for speed (p = 0.191), so agility
did significantly increase for all male subjects as a group but not for running speed. There were
no previous studies conducted on the topic of increasing performance in speed and agility from
applying heat stress in a controlled setting with resistance training with the exception of a recent
study (Miles et al 2019) measuring speed using the Bronco fitness test, an elaborate test of
multiple shuttle sprints. Results showed no significant difference between groups or group x
time interaction, which agrees with our study’s speed results, although the performance tests
are very different. The premise of combining heat stress with resistance training, which could
potentially enhance muscle hypertrophy and strength adaptations to then translate into
improved performance is recent concept. This topic had been minimally investigated before in
sports research, primarily pertaining to speed and agility. Resistance training in the presence of
a hot environment in this study did not have a significant performance effect on improving
running speed or agility. Lean body mass, which reflects muscle mass and 1RM strength, was
not significantly enhanced within the heat group and therefore could not potentially transfer
significant performance benefits, particularly strength, which has shown relationships of
increasing speed (Peñailillo et al., 2016) and agility (Sonoda et al., 2018). Although our results
did demonstrate significant lean body mass, strength and agility improvements over time, which
could correlate to LBM and strength complementing each other as well as aiding agility, the
aim of this study was to investigate if heat stress had an additional performance benefit for each
variable and results from heat group scores demonstrated none. Interestingly, the control group
showed a pattern of higher non-significant scores for speed, bench press/leg press strength and
LBM, but not for agility. Therefore, training in heated settings could have negative effects as
well, as referenced previously with regard to affecting muscle hypertrophy (Frier & Locke,
2007). These counterproductive factors could also impede performance, not only for
cellular/neural adaptations from training but for sports training preparation when working out
in a hot environment, which will be discussed in the following.

5.3.

Methods discussion

The chosen resistance training duration of 10-weeks was considered short-term since the range
can lie between 4 – 18 weeks and some studies can last up to 24 weeks (Fleck & Kraemer,
2014, p. 112). A 10-week period has been shown to increase both muscle size and strength
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significantly (Kraemer et al., 1999) and further reasoning for this choice were potential issues
of subject commitment and dropping out if the duration was longer. The type of training routine
used was formulated to develop strength and muscle mass, which did occur based on this
study’s significant effect over time. However, this routine primarily favored maximizing
muscle hypertrophy over strength due to the program design of emphasizing greater amounts
of volume, time under tension, tempo and shorter rest intervals between sets (Bird, Tarpenning
& Marino, 2005). This chosen training routine could have affected results for strength and
performance since favoring mainly muscle hypertrophy doesn’t necessarily translate into
maximizing performance. For example, high velocity torque (Hoff & Helgerud, 2004) and 1
RM strength (Schoenfeld et al., 2019) can be compromised if training volume and slower
repetition tempo are pronounced. Advanced strength and conditioning programs which
specifically emphasize improving various performance qualities by incorperating protocols
such as explosive training, plyometrics, periodization and program design for endurance, speed,
agility, strength and power are normaly utilized when attempting to improve performance (Haff
& Triplett, 2016). Heat stress was induced by the use of a climate chamber and total body heat
exposure was desirable instead of topically on a single body part since the training routine
involved all major muscle groups and heat stress required contact with these muscles in order
to raise body temperature significantly. Temperature was set to 40°C since a level over normal
body temperature of 37°C is necessary. Also, a minimum threshold of 38.5 has been
documented to initiate heat stress reaction such as inducing heat shock proteins (Henstridge,
Febbraio & Hargreaves, 1985) and raising muscle temperature with heat therapy to 41°C
combined with resistance exercise stress activated hypertrophic signaling pathways
significantly (Kakigi et al., 2011). This study’s heat temperature could be considered
inadequate since mTOR pathway enzymes Akt and p70S6K were stimulated only from 41°C
whereas mTOR was triggered sufficiently from a range of 38 - 40°C, along with HSP’s
(Yoshihara et al., 2013). Duration of heat exposure was matched to each training session
duration of 1 hour since this was the designated training time span to complete every exercise.
The heat group did experience occasional difficulty when training in the climate chamber and
hyperthermia induced fatigue was a possible problematic risk since this leads to central nervous
system fatigue which can reduce muscle contractile activation (Nybo et al., 2014). Due to heat
exposure, participants sometimes exhibited breathing deeper, perfuse sweating and would
occasionally become dizzy or nauseous, which are signs of heat exhaustion. This did affect
performance and a minimal number of sessions were terminated early. These issues could
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illustrate the poor results for heat group participants. Furthermore, heat exposure and intensity
of exercise for this study could be considered excessive. A study using lower exercise intensity
(>50% of 1RM selected weight) for only 30 min heat exposure showed favorable effects on
muscle size and strength over 10-weeks compared to a greater exercise intensity (Goto et al.,
2007). Similar findings occurred when attempting to prevent muscle atrophy in rats and low
intensity exercise with heat prevented greater muscle loss than heat combined with high
intensity exercise (Yoshida et al., 2013). Indications of heat stress being counterproductive to
increasing muscle was based on heat shock proteins hypothetical pre-emptive protective effects
when elevated. HSP expression can stay elevated up to 48 hours just from exercise alone
(Touchberry et al., 2012), 72 hours from 60 mins of just heat stress and remain increased for
several weeks if heat and exercise stress are continually present but will decrease rapidly when
resting (Yoshida et al., 2013). HSP’s are intensity dependent so the greater intensity stress is
with exercise, the higher HSP’s will elevate into circulation (Milne & Noble, 2002) and highly
intense resistance exercise combined with heat generates the largest levels (Yoshida et a.,l
2013; Henstridge, Febbraio & Hargreaves, 1985). The present study involved training intensely
3 days a week in heat for a selected group, which could have led to excessive protective effects
on skeletal muscle from exaggerated HSP elevation, thereby interfering in overload stress from
training that signals necessary hypertrophic initiations. Based on our study’s results, utilization
of heat stress in the presence of intense training to induce favorable physical adaptations is
inconclusive. Previous research did demonstrate heat exposure alone or combined with
resistance exercise stress was effective in promoting muscle hypertrophy. However, the
methodologies were diverse and certain studies presented evidence of heat having no effect and
also being inhibitory. This study showed heat stress having no significant benefit on increasing
muscle, strength, speed or agility and evidence that elevated heat presence during intense
training could be counterproductive. Strengths for this study includes the training duration of
10 weeks allowing noticeable physical adaptations to occur in order to review relevant results.
Strengths also include the comprehensive data analysis chosen in order to view where
significant changes occurred and to confirm through time effect if the resistance training
protocol was sufficient in creating noticeable developments. Limitations include the minimal
studies on the topic of heat stress combined with resistance training on performance and the
loss of participants during the study since 26 subjects were originally planned to participate.
This topic requires further research since hypertrophy and strength adaptations of skeletal
muscle from heat appears to be sensitive in terms of temperature level and exposure duration,
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in addition to the presence of resistance training, training intensity and exercise duration. These
present findings can possibly assist in future research by providing complimentary information
when developing similar studies.

6. Conclusion
In conclusion, this study’s results showed resistance training in a heated environment did
not have a significant effect on increasing muscle mass or on performance enhancements in
speed, agility and strength. Furthermore, results conflicted with previous research referenced
showing positive evidence of potentially increasing muscle and strength. With the exception of
agility, participants exposed to heat from this study demonstrated lower non-significant values
in lean body mass, upper and lower body strength, and sprint speed. Reasons for heat stress not
being effective has certain hypothetical implications. Previous research has stated potential
counterproductive factors might be brought on from heat exposure or from erroneous choices
in methodology.
Outcomes from this study provided additional knowledge on an elevated temperature’s
relationship with skeletal muscle and performance. Further research would warrant the ability
to explore the limits of this research. Within the field of exercise science there are several
essential environmental aspects to consider. Broadening scope and methodology to include
adjusting various factors in timing of heat stress exposure or levels of training intensity could
render additional outcomes. There exist substantial incentives in finding new ways to maximize
sports performance professionally. Exploring the potential positive effect heat stress with
resistance exercise can have in the pursuit of new modalities in training should be continued.
The improvement of sports exercise to aid in increasing muscle hypertrophy, strength and
performance from augmented environmental factors is of continued interest to the research
community.
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8. Appendices
Appendix 1: Consent Form

CONSENT FORM FOR PARTICIPANTS
INVOLVED IN RESEARCH
INFORMATION TO PARTICIPANTS:
We would like to invite you to be a part of a study entitled:
“HEAT: heat effects on adaptations to resistance training”
(a)
-

(b)

AIMS OF THE STUDY:
The major aim of this project is to compare the effects of training in a hot environment on adaptations to weight
training.
PROCEDURES INVOLVED AND NATURE OF THE PROJECT:
You will be asked to complete a medical questionnaire so we can be sure it is safe for you to participate in the
study. You will then complete a practice session of the exercise tests and weight lifting exercises that you will
perform during the study. You will be randomly allocated to train in either hot (40°C) or normal (23°C) conditions.
One week after the practice session you will repeat the exercise tests and your body composition will be
assessed by DXA scan.
A further week later you will perform an acute exercise trial, comprised of a single bout from the assigned training
program. You will be asked to refrain from exercise in the 24 h preceding this trial, and report to the lab following
a standardised meal the night before and an overnight fast. Muscle biopsy sampling and blood sampling will be
performed before and after the acute exercise trial.
The following week you will begin a 10 week weight training program, comprising three sessions per week. The
DXA scan and performance tests will be repeated after 5 and 10 weeks of training. The acute exercise trial will be
repeated the week after you complete the training.
All procedures will be performed at the Sport, Exercise and Active Living precinct, Building P, Footscray Park
campus, Victoria University.

CERTIFICATION BY SUBJECT
I, _____________________________________________________(Phone No:)_________________________
of _______________________________________________________________________________________
certify that I am at least 18 years old* and that I am voluntarily giving my consent to participate in the study:
“HEAT: heat effects on adaptations to resistance training”
being conducted at Victoria University by: Dr. Aaron Petersen, Dr Shona Halson, Dr Dale Chapman, Dr Andre
Nelson, Dr Jon Bartlett, Prof David Bishop, Dr George Elias, Ms Helen Hadiyan and Mr Ali Hameed.
I certify that the objectives of the study, together with any risks and safeguards associated with the procedures
listed hereunder to be carried out in the research, have been fully explained to me by:
Dr Aaron Petersen
and that I freely consent to participation involving the below mentioned procedures:
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Appendix 1 cont.: Consent Form

•
•
•
•
•
•
•
•

Pre-test screening
Sleep monitoring via a wrist monitor worn 24 hours per day and sleep diary
Diet monitoring via a food diary
Performance measures – 20m sprint, agility, vertical jump, 1-RM
Weight training in hot or mild conditions
DXA scan
Muscle Biopsies
Blood samples

I certify that I have had the opportunity to have any questions answered and that I understand that I can withdraw
from this study at any time and that this withdrawal will not jeopardise me in any way.
I have been informed that the information I provide will be kept confidential.
Signed: _______________________________
Date:

_______________________________

Any queries about your participation in this project may be directed to the principal researcher
Dr. Aaron Petersen
Telephone number: 03 9919 9452
Fax number: 03 9919 4891
Email: aaron.petersen@vu.edu.au
If you have any queries or complaints about the way you have been treated, you may contact the Research
Ethics and Biosafety Manager, Victoria University Human Research Ethics Committee, Victoria University, PO
Box 14428, Melbourne, VIC, 8001 or phone (03) 9919 4148
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Appendix 2: Risk Factor Assessment

EXERCISE PHYSIOLOGY UNIT
COLLEGE OF SPORT AND EXERCISE SCIENCE
PO BOX 14428
MELBOURNE MC, VIC 8001
TELEPHONE: (03) 9919 4129

RISK FACTOR ASSESSMENT QUESTIONNAIRE
Please return this form to:
Telephone: (03) 9919 9452
College of Sport and Exercise Science

Mobile:

Victoria University of Technology

Fax:

P.O. Box 14428

Email:

MELBOURNE MC8001

Website:

(03) 9919 4891

NAME: ____________________________________________________

DATE

__________

ADDRESS: _________________________________________________

SEX

M/F

_____________________________________

AGE

__________

YRS

TELEPHONE: Work: _______________________________________

WEIGHT

__________

KG

TELEPHONE: Home: _______________________________________

HEIGHT

__________

CM

Postcode: ___________

EMAIL: __________________________________________________

MEDICAL HISTORY:
In the past have you ever had (tick No or Yes)
Medical Condition
NO YES Medical Condition
q q Congenital Heart Disease
Heart Attack
q q Disease of Arteries/Veins
Chest Pain (angina)

NO

q
q
q
Asthma
Lung Disease (eg. emphysema) q
q
Epilepsy
q
Injuries to back, knees, ankles

YES

q
q
q
q
q
q

q q
Heart Murmur
Heart Rhythm Disturbance q q
q q
Heart Valve Disease
q q
Stroke
List any prescribed medications being taken
___________________________________________________________________________
___________________________________________________________________________
List any surgical procedures that you have had (write the year in brackets):
example: appendix (1979)
___________________________________________________________________________

List any injuries in your past medical history
1
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Appendix 2 cont.: Risk Factor Assessment

EXERCISE PHYSIOLOGY UNIT
COLLEGE OF SPORT AND EXERCISE SCIENCE
PO BOX 14428
MELBOURNE MC, VIC 8001
TELEPHONE: (03) 9919 4129

___________________________________________________________________________
___________________________________________________________________________
q
ALLERGIES: Do you have any allergies
NO
YES q
If yes, give details: __________________________________________________________
___________________________________________________________________________
SYMPTOMS DURING OR AFTER EXERCISE
As a result of exercise, have you ever experienced any of the following:
Symptom during exercise
Pain or discomfort in the chest,
back, arm, or jaw
Severe shortness of breath or
problems with breathing during
mild exertion
Dizziness, nausea or fainting

NO

YES

q

q

q

q

q

q

Symptom during exercise
Palpitations
(heart rhythm disturbance)
Pain in the legs during
mild exertion

NO

YES

q

q

q

q

Severe heat exhaustion

q

q

CARDIOVASCULAR RISK FACTORS:
Do you have (tick NO, YES or circle ? for DON’T KNOW)
Cardiovascular Risk Factors
NO
YES
q
q
High Blood Pressure
High Blood Cholesterol/Triglycerides
Diabetes
Current Smoker
Ex-smoker
Do you drink alcohol regularly?

q
q
q
q
q

2
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q
q
q
q
q

DON’T KNOW

?
?
?
Average/day =
Average/day =
Average/day =

drinks

Appendix 2 cont.: Risk Factor Assessment
EXERCISE PHYSIOLOGY UNIT
COLLEGE OF SPORT AND EXERCISE SCIENCE
PO BOX 14428
MELBOURNE MC, VIC 8001
TELEPHONE: (03) 9919 4129

FAMILY MEDICAL HISTORY:
Have members of your immediate family ever had any of the following conditions: (tick NO, YES or
circle ? for DON’T KNOW). If you answer Yes or ?, write beside this the member of the family
affected (F=father, M=mother, B=brother, S=sister, GM=grandmother, GF=grandfather).
FAMILY MEDICAL HISTORY

NO

YES

?

FAMILY

AGE

ALIVE

(Years)
_____

NOW?)
_____

Heart Attack

q

q

?

MEMBER
_____

Chest Pain (Angina)

q

q

?

_____

_____

_____

Stroke

q

q

?

_____

_____

_____

High Blood Pressure

q

q

?

_____

_____

_____

High Blood Cholesterol/Triglycerides

q

q

?

_____

_____

_____

Diabetes

q

q

?

_____

_____

_____

PERSONAL LIFESTYLE:
A. Exercise
List the sports, exercise or physically active hobbies (eg. gardening or playing with the kids) that you
are currently engaged in:
Sport/Activity
Day(s) of week
Time of the day
Approximate
Sa-Su-Mo-Tu-We-Th-Fr
eg. 6 p.m.
duration
eg. 30 minutes

TOTAL
B. Nutrition
List a typical day's eating pattern.
Breakfast
Lunch

Dinner

Snacks

3
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EXERCISE PHYSIOLOGY UNIT
COLLEGE OF SPORT AND EXERCISE SCIENCE
PO BOX 14428
MELBOURNE MC, VIC 8001
TELEPHONE: (03) 9919 4129

C. Rest/Recreation
How many hours sleep do you usually have? ______ hours/night
On average how much time do you spend each day on passive hobbies or just relaxing?
_____ minutes/hours per day.
Do you feel that you usually get enough restful sleep and time to relax? Yes/No
Client Declaration
I declare that the above information is
To my knowledge true and correct,
and that I have not omitted any
information that is requested on this
form.
Signed:
________________________________

OFFICE USE ONLY
CLEARANCE TO UNDERGO AN
EXERCISE TEST
This person has been cleared to undergo a
Fitness test:
q Without medical supervision
q With medical supervision
q A fitness test is not advisable at this time

Signed: Dr/Mr/Mrs/Ms ____________________

Parent Signature: (for those under 18)
_________________________

(Circle appropriate title:
Physician/exercise physiologist)

Date: ______/______/______

Please turn over and provide the information requested overleaf.
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