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ABSTRACT

Heat acclimatization can be induced by targeting a core temperature 38.5°C for at
least 60 minutes per day lasting 5 to 21 days, complementary to normal exercise activity.
However, consistently meeting this threshold on consecutive days may be difficult for
athletes. The objective of this study was to evaluate the efficacy of four single-bout
heating protocols to reach a core temperature 38.5°C. The study was set up as a non-
randomized field study, factoring in the September-October outdoor desert conditions,
Tempe, AZ, USA. Environmental conditions were measured using a Kestrel heat stress
tracker. Protocols were constituted out of 3 elements: PAS — passive heat exposure in a
tent (54+1°C), EH - exercise in hot condition with high intensity interval training (HIIT)
outdoors in the heat in a tent with a ventilator (43+1°C), EM — exercise in moderate
conditions with HIT indoors (22+0.4°C). All participants performed protocols in the
following order: 1) PAS 60-min; 2) EH-PAS (EH 30-min + PAS 30-min); 3) EH 60-min,
and 4) EM 60-min. A cycle ergometer was used for HIIT (2-min warm-up followed by
7x2-min sprints with 2-min relative rest between sprints during the first 30 min and
stationary cycling for the second 30 min), with a self-selected workload at 80-100 rpm
and similar heart rate (HR) response during exercise testing for EH: 146+10, EM:
142413, and EH-PAS: 142113 (P>0.05). A total of 10 active male students (25+3 years
old) reported no difference between protocols for baseline Tc (P=0.37) and HR (P=0.28).
During the first 30-min, T was significantly different between protocols (average

ranging from 37.3-37.6°C, P=0.01), but from a practical perspective, differences were



limited. During the second 30-min session, the Tc for EH (38.5+£0.4°C) and EH-PAS
(38.6+0.4°C) were significantly higher from EM (38.1+0.4°C) and PAS alone
(37.8+0.4°C), P<0.001. The average HR (bpm) was significantly lower in PAS (110+17)
and EH (136+13) during the second half of the protocols compared to the EH (151+10)
and EM (149+16), P<0.001. In conclusion, exercise alone vs. a combination of exercise
and passive heating in hot conditions resulted both in a body temperature 38.5°C, but the

combination was more efficient since participants exercised for only 30-minutes.
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CHAPTER 1
INTRODUCTION

The National Center for Catastrophic Sport Injury Research states that heat-
related illnesses are the second leading cause of exertional injury, right behind cardiac-
related events, yet are preventable (Kucera, 2019). In order to prevent exertional heat
illness (EHI), heat acclimation and cooling protocols are essential for the safety of all
athletes and can improve performance in all conditions (Casa et al., 2015). The
consequences of exercising in the heat unacclimated can be severe or result in death
(Nichols, 2014). Therefore, it is conducive to establish heat and safety guidelines as a

means of improving performance.

States with mandated guidelines for preseason high school football heat
acclimatization have a lower rate of EHI compared to states that do not provide mandates
(Kerr et al., 2019). Mandated guidelines provide a practical approach as to how training
sessions should be structured at the beginning of the season to reduce the risk of EHI. In
football for example, coaching staff would not allow players to participate in full padding
and equipment at the beginning of the season. Rather, players would be able to complete
a few practices in limited padding and equipment before being able to complete a session
at full strength. Preparing for activities in the heat reduces the incidences of heat illness
and is therefore beneficial. Although decreasing the time of practice sessions or limiting

the number of sessions can be effective in reducing risk of heat related injuries, at an



individual level, athletes still need to prepare for activity in the heat to enable them to

perform their best in warmer climates.

Heat stress experienced by the body is caused by a combination of environmental
conditions (temperature, humidity, and solar radiation), physical work rate, and the type
of clothing the activity is performed in (Sawka et al., 1996). Heat stress paired with
exercise increases physiological strain and therefore perceived exertion by the athletes
(Willmott et al., 2019). This stress results in a raise in core, skin, and brain temperature
which can inflate cardiovascular strain and could impact cerebral function (Bain et al.,
2015). These distressing conditions lead to increased heart rate, breathing rate, and
altered muscle metabolism which result in fatigue and can prevent athletes from
maintaining ultimate power output during activity (Nybo et al., 2014). Maximum athletic
performance requires proper oxygen delivery from the blood to the working muscles. The
cardiovascular system is challenged by heat direct blood flow to the periphery in an effort
to cool the body, though in turn, not efficiently delivering oxygen (Adolph, 1924; No and
Kwak, 2016). The practical implications of performing activities in the heat, it that it may
reduce speed, and therefore, especially during endurance events such as hiking, running
or cycling, a person may be exposed to higher environmental temperatures for longer
periods of time in comparison to exercising in moderate conditions (Linsell et al., 2020).

In extreme case scenarios, heat stroke can occur if the core temperature exceeds 40.5°C
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which can result in a coma if untreated by medical services (Armstrong et al., 2007).
Apart from optimizing fitness and heat acclimatization, interventions such as ice baths
conducted post-exercise and ice slurry ingestions during exercise can assist the body in
cooling, though acclimatization can also reduce the chance for heat illness (Armstrong et

al., 2007).

Strategies to cool the body before, during, and post exercise may also improve
athletic performance and aide in maintaining optimal health (Bongers et al., 2017) and
making it more bearable for athletes to perform in a hot environment. Athletic
performance can be enhanced through reducing the body’s baseline temperature and/or
increasing the range of an athlete’s core temperature that they are able to recover without
suffering from severe heat stress related side effects (Périard et al., 2015). As the
temperature and relative humidity of the environment increases, the reliance on
evaporation of sweat for heat dissipation becomes greater (Cheuvront and Haymes,
2010). If sweat is not evaporated, the body will not be able to cool down which forces a
significant challenge in humid environments. In contrast, evaporation could account for
up to 98% of cooling in dry environments compared to 80% in wet environments.
However, sweating can induce dehydration which also causes increases in core

temperature and in doing so creating a cycle that makes exercising in the heat extremely



difficult for athletes (Casa, 1999). Hence, cooling strategies may help combat the thermal

load placed on an athlete.

Physiological adaptions from heat acclimation, resulting in the actual heat
acclimatization, include changes in core and skin temperature, sweat rate, electrolyte
losses, skin blood flow, and overall thermal comfort (Périard et al., 2015). Studies in the
past have shown that achieving and maintaining a core temperature of 38.5°C for one
hour a day over 6-21 days stimulated heat acclimation (Périard et al., 2015). These
adaptations are achieved in both long-term and short-term scenarios and the effects may
vary based on the duration completed. Short-term acclimations are usually less than
seven days while long-term adaptations normally require greater than fifteen days.
Adaptations to exercise in the heat tend to surface rapidly and normally begin on the first
day of exposure to warmer temperatures. Previous research has shown that up to 75% of
adaptations occur within the first 4-7 days in longer acclimation periods (Shapiro et al.,
1998). The variance between short- and long-term acclimation periods differ in sweat

rates, or sudomotor function (Cotter et al., 1997).

Short-term protocols will still result in adaptation that can last for up to one week
though its affect dissipates after two weeks post-acclimation which is suitable for various

scenarios in athletics (Garrett et al., 2011). Research has also been conducted in other
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protocols such as once- and twice-daily heat acclimation of consecutive and non-
consecutive training days, in which results were comparable in improving erogenicity of
heat acclimation on aerobic performance in regard to heat stress (Willmott et al., 2018).
Adaptations shown between consecutive and non-consecutive heat acclimation could
impact potential training schedules for various groups, allowing ample recovery time for
athletes and accommodating traveling schedules. Overall, short term protocols are able to
provide a sufficient rise in core temperature of 38.5°C or 1.5°C above baseline in order
for heat acclimatization to occur (Garrett et al., 2011; Chalmers et al., 2014). There are
four routes of inducing adaption, both short and long-term can be divided into categories
such as: constant work rate exercise, workload-based exercise, self-paced exercise, and
controlled hyperthermia (Périard et al., 2015; Travers et al., 2020; Taylor & Cotter, 2006;
Patterson et al., 2004). Nonetheless, questions still exist about the most efficient method
to raise core temperature the quickest way to enable athletes to acclimate in the shortest

amount of time.

When applying controlled hyperthermia, it may be difficult for athletes to reach
the suggested core temperature threshold of 38.5°C to induce adaptations of heat
acclimation (Wardenaar et al, 2021). Therefore, more research is needed to compare and
assess the efficacy of several types of warming strategies that affect a rise in core

temperature bases on single bout interventions. Although previous research has studied
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the effect of active acclimatization through exercise, passive heating, or a combination of
both passive and exercise protocols, previous studies have not compared differences
strategies among these strategies (Périard et al., 2015; Taylor et. al., 2006). Therefore, it
is unknown whether one heat acclimatization method is more efficient to increase core

temperature than one single method alone.

Study Purpose

The purpose of this study was to evaluate the efficacy of different single-bout heat
acclimation strategies, both passive and active to reach and maintain an average core
temperature of 38.5°C within a period of 60 minutes. The success of this program will
result in: (1) determination of the most efficient heat acclimation protocol to increase
core temperature and (2) provide education and strategies for further development of heat

acclimation.

Hypothesis
A combination of active and passive method of warming will result in a more
efficient raise in core temperature above 38.5°C during 60 minutes of duration in healthy,

adults (>18 years old) in Phoenix, Arizona than each method individually. Efficiency is



defined as the shortest amount of time required to raise the body’s core temperature

(>38.5°C).

Definition of Terms

Heat stress — Physiological stress experienced as a result of excessive heat.
(Sharkey, 1979)

Heat stroke — An acute syndrome caused by an excessive rise in core temperature
as the result of overloading or failure of the thermoregulatory system during
exposure to heat stress. (Gaudio and Grissom, 2016)

Exertional heat stroke — An acute syndrome caused by an excessive rise in body
temperature as the result of overloading or failure of the thermoregulatory system
during exposure to heat stress while exercising in a warm environment. (Casa et
al., 2005; Armstrong et al., 2007)

Acclimatization — A physiological change occurring within the lifetime of an
organism which reduces the strain caused by stressful changes in the natural
climate (e.g., seasonal, or geographical). (Périard et al., 2015; Armstrong and
Stoppani, 2002)

Acclimation — A physiological change that describes the adaptive changes which

occur within the lifetime of an organism in response to experimentally induced



changes in particular climatic factors such as ambient temperature in a controlled

environment. (Périard et al., 2015; Armstrong and Stoppani, 2002)

Limitations

No controlled environment chambers

Particular High Intensity Interval Training (HIIT) protocol used, only representing
one type of exercise

Foods and fluids consumed prior to interventions

Not conducting VO max test for fitness evaluations

Insufficient data to determine workload base for each active warming intervention

Delimitations

Many athletes already live in the heat and may be at least partly acclimatized
Differences in general fitness levels

Nutrition and hydration differences between participants

Only conducted in young, healthy adults (ages 18-30)

All participants are non-smokers

All participants not on medications

Possible limitation with other ethnicities (depending on participants)

All participants are male



e Strength differences between participants (sprint during protocol requires

resistance, individualized)



CHAPTER 2

REVIEW OF LITERATURE
Thermoregulation
Thermoregulation is an organism’s ability to maintain its body temperature within a
certain range, even when the surrounding area’s temperature is vastly different than that
of the body (Cisneros & Goins, 2009). Most organisms are able to adapt to new, or
unfamiliar, environmental changes through various mechanisms. When exposed to a
hotter environment, the body has mechanistic protocols to thermoregulate in a two-fold
process: 1) transference of heat between the environment and the human body utilizing
convection, conduction, radiation, and evaporation, and 2) self-regulation of homeostasis
as a response to different environmental conditions (Cheng et al., 2012). During
convection, the body loses heat due to the movement of air or water across the skin
(Keim et al, 2002). In conduction, the body loses heat by physical contact with another
object. Radiation is a form of heat loss due to infrared rays or electromagnetic waves; this
occurs without any physical contact (Cisneros & Goins, 2009). Evaporation, or sweating,
is another route in which the body thermoregulates by converting water to gas on the
skin, which aids the body in cooling (Cisneros & Goins, 2009). When exposed to an
unfamiliar environment, self-regulation responses of the human include vasoconstriction,
in which the body decreases blood flow, and shivering in cooler climates to retain body

heat (Cisneros & Goins, 2009). Vasodilation and sweating are two processes in which the
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body can self-regulate in hotter environments to dissipate heat. The efficacy of
thermoregulation can vary depending on age, acclimation to the environment, and
relative humidity (Mekjavic & Eiken, 2006). For example, young children tend to lose
fluids quicker as their sweat rate is different when compared to an adult (Meyer et al,
1994). The elderly population typically has poor self-regulation processes as part of many
physiological processes are slower (Van Someren, 2007). Gradual exposure to
environments increases acclimatization (i.e., seasonal acclimatization). Environments
with lower humidity can promote greater fluid loss due to increased sweat rate (Périard et

al., 2015).

For example, an athlete riding a bicycle outdoors with an ambient temperature of 37°C on
a sunny day with 20% relative humidity would be exposed to radiation, conduction, and
convection. The body will begin the thermoregulation process by recognizing the
difference in skin temperature and core temperature from these factors in the
environment. VVasodilation occurs to dissipate heat and the body will start to sweat to cool
off. If the relative humidity of the environment were increased, the body would still
thermoregulate similarly, however, evaporation will occur at a much slower rate than

normal due to the increased moisture of the environment.
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Heat Stress and IlIness

Heat stress occurs when the body cannot rid itself of excess heat (Sharkey, 1979).
Physiologically, the human body strives to maintain balance in various environmental
climates to prevent disruption of homeostasis. Yet, when the body is overworked and
lacks replenishments of fluids, self-regulating processes cannot compensate, especially
when physically active in a hot environment or in a climate with elevated relative
humidity (Sharkey, 1979). Heat stress is caused by a combination of environmental
conditions including, temperature, humidity, solar radiation, and factors such as physical
work rate and the type of clothing the activity is performed in (Sawka et al., 2011). Heat

stress signs and symptoms may appear as a wide spectrum of mild to severe.

Prolonged heat stress can emerge when the body loses a large amount of water in sweat
and is not replenished in a sufficient time frame. The body is unable to regulate core
temperature and rises to dangerous levels. Heat stress can appear in an array of signs and
symptoms which can be seen below in Figure 1 (Centers for Disease Control and

Prevention, 2017).

It is important to note that heat stroke occurs when the body is unable to cool itself
properly. It is diagnosed by a rectal temperature reading of 40°C or greater and can lead

to death or permanent disability if not treated quickly; it is presented as confusion, loss of
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consciousness, hot and dry skin, or excessive sweating, seizures, and increased internal
(core) temperature (Binkley et al., 2002). Heat stroke can also be divided into two distinct
types: exertional heat stroke and non-exertional heatstroke. Exertional heat stroke (EHS)
relates to non-disabled individuals such as athletes, soldiers, and construction workers.
Non-exertional heat stroke is reserved for elderly individuals and has comorbidities such
as hypertension, obesity, diabetes, alcoholism, and renal disease (Gaudio & Grissom,

2016).
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Figure 1. Warning Signs and Symptoms of Heat-Related IlIness. Centers for Disease Control and
Prevention
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High core temperatures that exceed a tolerable threshold could lead to several disruptions
in the body such as increased loss of carbon dioxide through lungs and skin, elevated
vasodilation, elevated serum muscle and liver enzymes, increased heart rate, rise in skin
temperature, damage to organ tissues, disruption to cell volume, metabolism, membrane
permeability, organ dysfunction, cell death and brain damage if not treated promptly
could lead to death (Adolph & Fulton, 1923; Armstrong et al., 2007). It is unknown why
serum muscle and liver enzymes are elevated in unacclimatized populations as the

phenomenon occurs in acclimatized individuals (Wyndham et al, 1974).

In one study looking at 30 unacclimated individuals compared to 15 acclimated miners,
glutamic oxaloacetate and creatine phosphokinase increased significantly in both groups
when exposed to exercise in a hotter environment (Wyndham et al., 1974). However,
enzymes such as glutamic oxaloacetate and pyruvate transaminase were 10% higher in
the unacclimated group when exposed to exercise at room temperature than the
acclimated group (Wyndham et al, 1974). Heat shock proteins bind to denatured or
nascent polypeptides as the body’s mechanism for protection in heat stress. Heat shock

protein exposure increases during and after exposure to heat stress (Périard et al., 2015).
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At Risk Populations for Heat Stress and IlIness

Several populations are at risk, including children, senior citizens, construction
workers, active military soldiers, and athletes. In the past, children were thought to be at a
disadvantage for thermoregulation due to the greater body surface area to body weight
ratio (Falk & Dotan, 2008). However, this population relies heavily on dry-heat
dissipations such as convection, conduction, and radiation as their sweat rate is much
lower and diffusely space than that of an adult’s body (Dotan, 2021; Inbar, 2004; Falk &
Dotan 2008; Rowland, 2008). The disadvantage to these methods is when ambient
temperatures exceed the skin temperature for this population as children can reach a
higher core temperature quicker than adults (Wagner et al, 1972; Leppaluoto, 1988;
Sohar and Shapiro, 1965). During physical activity, children tend to create greater heat
production in comparison to adults due to their lower exercise economy and therefore

making them more efficient (Falk & Dotan 2008; Rowland 2008).

As humans age, the ability to thermoregulate and dissipate heat properly diminishes
significantly. This occurs because the mechanistic routes that the body takes to
thermoregulate are affected via metabolic heat production, reduced skin blood flow,
smaller increases in cardiac output, reduced sweat gland output, and less redistribution of
blood flow from renal and splanchnic circulation (Kenney & Munce, 2003). The elderly

population also utilizes polypharmacy, including diuretics, beta-blockers, and
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anticholinergics which can block the increased cardiac output and sweating needed to
cool the body (Gaudio & Grissom, 2016). Seniors can also not adapt or acclimate as
quickly compared to young adults. Like the elderly, those with high-risk conditions
mentioned above can also suffer from effects from prescription drugs which can alter the

body’s ability to cool properly.

Construction workers accounted for 36% of occupational heat-related deaths from 1992
to 2016 within the United States alone (Dong et al., 2019). Construction workers and
laborers can be subjected to various environmental conditions. They can quickly become
dangerous if safe working conditions, protocols, and education is not set in place.
According to the CDC, Department of Human Health Services, and National Institute for
Occupational Safety and Health (NIOSH), continuous work in hotter environments is not
advisable. As the environmental conditions increase in ambient temperatures and
humidity, sufficient rest breaks are advised periodically to allow the body to cool down
(Criteria for a Recommended Standard: Occupational Exposure to Heat and Hot

Environments, n.d.)

Another population that can be affected by heat illness includes active-duty military
personnel. Members of the military branch can be subjected to a wide variety of

environmental conditions depending on the location of the military base and missions.
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They must be able to adapt and adjust to a new environment within a condensed time
frame while at the same time being prepared mentally and physically for any scenario
that may arise (Parsons et al., 2019). Like construction workers, they must perform
numerous tasks in extreme conditions such as ceremonial duties, exercise, and protecting
and serving the community, all while in uniform and carrying 60-100 pounds (27.3-45.4

kilograms) of gear each day.

The most notable population to be affected by heat illness is athletes. More than 9000
high school athletes are treated for heat-related illnesses in the United States, primarily
pre-season football players (Yard et al., 2010). Athletes can range from high school,
collegiate, and elite-level athletes such as those in the National Football League (NFL),
Major League Baseball (MLB), Olympians, triathletes, and cyclists. Like active-duty
military personnel, athletes can be subjected to a wide variety of environmental
conditions regarding traveling to new locations for competitions. Locations with high
relative humidity may be difficult for an athlete’s body to evaporate or sweat. Exercising
in the heat on the human body places a strain on the body’s ability to thermoregulate
adequately (Coris et al., 2004). As the body is attempting to cool, vasodilation occurs,
which can strain the heart to pump and circulate blood, affecting cardiac output properly.
An increase in cardiac output affects the body’s ability to continue maximal exercise

performance. Additionally, athletes may be unable to properly thermoregulate due to the
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type of clothing or uniform they practice and compete. Helmets and padding that are
necessary for safety can also play a factor in the body’s ability to dissipate heat. Athletes
are also more likely to become dehydrated quickly, leading to several kinds of heat-

related illnesses.

Treatment for Heat Stress and 1lIness

Cooling the body is detrimental to survival outcomes in heatstroke victims. Long-
lasting effects of heat stroke, if not treated quickly, increases morbidity and mortality
rate, which can happen up to one week after its occurrence. Starting the cooling process
as soon as possible can also impact the survival rate. Protocols can range from ice packs
on the body, sitting in front of a fan (with or without water), splashing tap water on the
face, hand and feet immersion, and total body immersion in cold water depending on the
heat stress or illness severity (Casa et al., 2007). However, the cooling rate can also vary
between protocols. Therefore, an efficient cooling protocol is suggested to cool the body

greater than 0.15°C per minute (Kenney & Munce, 2003).

According to the National Health Statistics Report from the Center for Disease Control
and Prevention (CDC), from 2006 to 2010, there were 3332 deaths due to heatstroke in
the United States alone (Berko, 2014). The gold standard to treat exertional heat illness

(EHTI), such as heat stroke where the core temperature exceeds 40°C, is a cold-water
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immersion. This involves submerging the body up to the neck in an ice water bath in
which the temperature ranges from 1.7-15°C within a 30-minute timeframe of diagnosis
in an attempt to bring the body’s core temperature below 39°C (Casa et al., 2007; Nye et
al., 2016). The goal is to cool the body back to a baseline or normal temperature range as

quickly as possible to prevent long-lasting damage of excessive heat on the body.

Survival rates of EHS are usually 100% without medical complications, though they
solely depend on how quickly one can be diagnosed and how efficient the cooling
protocol is at returning the body to normal conditions. It is suggested to cool the body
within the first 10-minutes of collapse. Within a sports setting, EHS patients have a 4.46
increased risk of developing medical complications if not treated immediately (Filep et
al., 2020). Medical complications can appear within 24 hours after EHS diagnosis, which
can include lactic acidosis, hyperkalemia, acute renal failure, rhabdomyolysis, and

dissemination of intravascular coagulation (Binkley et al., 2002).

Heat Acclimatization

A way to prevent heat-related illness is to acclimatize or adjust to the hotter environment
(Sharkey, 1979). Benefits of gradual heat acclimation on the body for exercise include
increased thermal comfort, reduced heart rate, increased sweat rate, decreased skin

temperature, decreased plasma volume, which leads to an increase in exercise capacity
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(Périard et al., 2015). Similar to how athletes acclimate to higher elevations using the

“Live high/train low” model, the same can be conducted in hotter and humid climates

(Lorenzo et al., 2010).

[ Heat training |
I
! J

Heat acclimatization Heat acclimation
Natural environment Artificial environment
(outdoor/field training) (indoor/laboratory training)

Activity: Football, or running
Work rate: Variable, or self-
selected

Conditions: Variable outdoor,
or indoor 40°C, 40% RH
Duration: 60-90 min

Activity: Cycle ergometer, or
marching

Work rate: 60% VO, (185
W), or 6 km/h

Conditions: indoor 40°C, 40%
RH, or variable outdoor

Activity: Water immersion, or
sauna bathing

Temperature: Water 40-42°C,

or sauna 70-80°C
Duration: 45-60 min, or
intermittent for 30 min

Activity: Resting and/or
exercising to maintain core
temperature at 38.5°C
Work rate: Variable
Conditions: 40°C, 40% RH
Duration: 60-90 min

Self-paced Constant work Passive Controlled Controlled
exercise rate exercise heating hyperthermia intensity
Post-exercise Passive and/or active
temperature heating
maintenance
Examples Examples Examples Examples Example

Activity: Cycle ergometer
Work rate: 65% VO,,,, heart
rate (145 bpm)

Conditions: 40°C, 40% RH
Duration; 60-90 min

Duration: 60-90 min

Figure 2. Overview of methods for heat acclimation and heat acclimatization. Various combinations of
temperature and humidity are possible in each setting, as well as the use of portable heaters and/or wearing
additional or specific type of clothing (Daanen et al, 2018).

Acclimatization can occur naturally or can be induced in a laboratory setting
(acclimation), though the routes to induce heat adaptation to vary (Daanen et al, 2018).
There are four routes of inducing adaption, both short and long-term can be divided into
categories such as, constant work rate exercise, workload-based exercise, self-paced
exercise, and controlled hyperthermia (Périard et al., 2015; Travers et al., 2020; Taylor &

Cotter, 2006; Patterson et al., 2004). The most common method is the regular work rate
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exercise which requires an activity to be performed at a consistent rate for a specified
duration (Périard et al., 2015). This has been utilized for occupational and the military
population and has been effective to improve performance in a hotter environment
(Horvath & Shelley, 1946; Lorenzo et al, 2010; Nielson et al, 2015), although it has been
argued that this can lead to a decrease in physiological strain as adaptation develop in a
progressive manner which also hinders the ability for further adaptation (Taylor, 2000;
Taylor 2004). This could result in varied physiological strain depending on an
individual’s fitness level. In contrast, the workload-based activity requires an athlete to
reach a certain heart rate level and will rise as an athlete’s fitness level increases;
however, it may be more challenging to maintain a high core temperature and lower over
time which could impact training (Travers et al., 2020). Self-paced exercise will have
participants follow predetermined work and rest intervals but can modify intensity to
their comfort level (Travers et al., 2020). This method has also been implemented by the
military for unacclimatized individuals prior to deployment in warmer environments
(Nelms & Turk, 1972). The hindrance to this method is determining how much heat
stress or thermal load the athlete is experiencing (Taylor & Cotter, 2006). The goal of
controlled hyperthermia is a forced increase in core temperature 1.5°C above baseline or
over 38.5°C while observing and monitoring from a distance. This method has been
shown to create a more drastic adaptation to activity in the heat and may result in

adaptions for a longer time after the initial introduction period of acclimation (Patterson
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et al., 2004). The continuous monitoring of core temperature allows for verification that
an athlete is experiencing an increased thermal load to adapt to activity in the heat.
Monitoring will also assist the heat illness risk in the adverse scenario that the core

temperature increases too much during acclimation protocols.

Heat Acclimatization Protocols

Current protocols in several states to prevent heat iliness are structured at the
beginning of the season in such a way as to minimize the risk for exertional heat
illnesses. In football, for example, the coaching staff will not allow players to participate
in full padding and equipment at the beginning of the season. Instead, players complete a
few practices in limited padding and equipment before completing a session in full
uniform. Preparing for activities in the heat reduces the incidences of heat illness and is
therefore beneficial. Although decreasing the time or limiting the number of practice
sessions can help at a population level, athletes still need to prepare for activity in the

heat.

According to the Korey Stringer Institute, a dedicated program in preventing sudden
deaths in sports, Arizona is ranked 21 out of 51 states (including the District of

Columbia) for safety and policy scores, with a 54% in the year 2020. However, in a
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report conducted by the same institute in 2019, Arizona was above the average regarding

exertional heat stroke in safety and policy.

The National Athletic Trainers’ Association positive statement gives several
recommendations for heat acclimation guidelines to prevent EHI as shown in Figure 3
(Casa et al., 2015). Before the start of the season, medical screenings should occur under
the supervision of a trained physician to identify if any athletes may be at higher risk or
have a history of EHI. Acclimation should occur over 7 to 14 days which involves
gradually increasing the intensity and duration of practices and the amount of gear. Other
recommendations include for athletes to stay home if feeling ill, maintaining euhydration
during practice, and providing plenty of breaks for athletes to recover and hydrate during

pre-season practice in hot environments.

Days Days Day After
1-2 34 5 day 5
« Single 3-h practico « Single 3-h practice * Snghe 3-h practce ¢ 1 d Betwooen days with
OR one 2-h practics OR ang 2-n practica OR one 2-h practice mulbple practices

and one 1+ fedd & one 1-h Nald & one 1+h field * < 5 total practice
555400 ses%Or $855i0N time
* Hetmats onty o Halmets & shoulder o  Full pads o Walk-through <2 h
pads

Figure 3. National Collegiate Athletic Association heat acclimatization guidelines (Casa et al,
2015)
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Within the state of Arizona, current heat acclimation protocols include several key
strategies. On days 1-5, practices are formal, with no more than one session per day and
not to exceed 3-hours in length. During days 1-2, only a helmet should be worn during
practices if applicable. Between days 3-6 helmets and shoulder pads should be worn. On
day six, all necessary protective equipment should be worn. Days 6-14, two practice
sessions per day can be applied to all sports, though a one-hour session walk must follow
through the next day. On double practice days, practices should not exceed 3 hours in
length or 5 hours in total for the day. Practices should be separated by at least 3 hours in a

cool environment between sessions (Belval, 2017).

While current protocols within the state of Arizona focus on solutions to prevent EHS,
they lack routes and protocols to induce heat adaptation which can improve athletic
performance in hotter climates and further reduce the risk of EHS and other illnesses.
Avreas of improvement include monitoring the environmental conditions using a wet bulb
globe temperature or a heat index for pre-season practices held outdoors. The state does
not have any policies for modification of work, specifically in areas of rest ratios and
access to fluids ad libitum. There seems to be a lack of designated shaded areas for rest
breaks during formal practice sessions. Another area of improvement would be the
inclusion of a cold-water immersion tub onsite during practices in warmer conditions

(Belval, 2017).
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The current best practice to achieve heat acclimation is to train in conditions similar to
that of competitions and increase body temperature and sweat rate over consecutive
training days in a 1-two-week timeframe (Périard et al., 2015). Various protocols can
range as short as five to seven days or even longer with 10-14 days of exercise training to
reduce the risk of EHS. Studies in the past have shown that achieving and maintaining a
core temperature of 38.5°C for one hour a day over 6-21 days stimulated heat acclimation
(Périard et al., 2015). These adaptations are achieved in both long-term and short-term
scenarios, and the effects may vary based on the duration completed. Short-term
acclimations are usually less than seven days, while long-term adaptations requiring

greater than 15 days.

Adaptations to exercise in the heat tend to surface rapidly and usually begin on exposure
to warmer temperatures. Previous research has shown that up to 75% of adaptations occur
within the first four to seven days in more extended acclimation periods (Shapiro et al.,
1998). The variance between short- and long-term acclimation periods differ in sweat

rates or sudomotor function (Cotter et al., 1997).

While various methods and routes exist to induce heat acclimatization, it is still unknown

whether one method is more efficient than others. All routes of heat acclimation can
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produce results as outlined by Figure 4 (Périard et al, 2015). Typically, extending the
amount of heat exposures improve core temperature adaptation (Daanen et al., 2018),

though most benefits from heat adaptation plateau after six days.

w— Plasma Volume

Heart Rate

115 1 Exercise Capacity

110 A p \4 w= Thermal Comfort
105 s Skin Temperature
s Core temperature

Sweating Rate

Adaptation (% Day 1)
8

75 r— T 1 v — — —
1 2 3 4 5 6 7 8 9 10 11 12 13 14
Days of Heat Acclimation

Figure 4. Timeline of induction in human adaptations to heat stress. The degree of these adaptations is
affected based several factors such as an individual’s initial level of acclimation, the environmental
conditions (i.e., dry or humid), exercise intensity, and approach for acclimation (Périard et al, 2015).

Previous research has been conducted using a mixed methods and various lengths of heat
acclimation protocols. In one study using sauna exposure, a form of controlled
hyperthermia method, in combination with an exercise at a controlled rate of 65% of VO
max resulted in a reduction in resting core temperature and heart rate, exercise core
temperature and heart rate, and skin temperature in females (Mee et al., 2018). Although
this study is promising in the use of a combination method for heat acclimatization,
females tend to have a higher elevated core temperature threshold during menstrual

cycles (Inoue et al., 2005). Another limitation to providing a controlled hyperthermia
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approach prior to exercise is decreased thermal comfort and exercise performance

(Linsell et al., 2020).

Other studies have combined methods of exercise with controlled hyperthermia in the
form of sauna or hot water immersion have also been promising in males (Scoon et al.,

2007; Stanley et al., 2015; Zurawlew et al., 2016).

Scoon et al. performed a cross-over study for eight weeks, with a 3-week washout period,
examining the effects of physiological adaptations of sauna bathing to enhance endurance
performance (Scoon et al., 2007). Six male competitive long-distance runners and
triathletes (23+ 3yr, 81 £ 5 kg body mass) were randomized into two groups of three for a
cross-over design. Following their normal endurance training sessions, participants sat in
a sauna (89.9 £ 2.0°C) for 31 = 5 minutes over 12.7 = 2.1 occasions (Scoon et al., 2007).
Measurements such as blood pressure, and heart rate were recorded 5-minutes before,
during, and post sauna intervention. Following the bouts of sauna exposure, participants
performed a run to exhaustion test on a treadmill with zero slope at their current best 5-
kilometer time (~12-15 minutes to elicit fatigue). Following the performance test, blood
volumes were measured before and during the 10,15, 20, and 25-minutes. Plasma volume
was calculated as well. The researchers found an increase in plasma volume (7.1%) and

an increase in red cell volume (3.5%), which aligns with the current literature on
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physiological adaptations from a heat acclimation protocol (Scoon et al., 2007, Périard et
al., 2015). When researchers evaluated the efficacy of this intervention in terms of
exercise performance, participants had an increase of 32% in time to exhaustion after
sauna exposure (Scoon et al., 2007). Scoon et al. reported that this is equivalent to
approximately a 2% decrease in time for a 5000-meter timed trial (Scoon et al., 2007).
Stanley et al. also examined post-exercise sauna exposure on plasma volume expansion
and documented changes in heart rate-based measurements (Stanley et al., 2015).
Researchers followed seven male, well-trained cyclists (23.3 * 4 years, body mass 78.0 +
6.6 kg) for 35 consecutive days. Participants reported total time spent and subjective
intensity of their training (rate of perceived exertion) throughout the study’s duration.
Following the participants’ daily training schedule, a post-exercise sauna exposure was
introduced on days 18-28 of the study for 30-minutes in total duration each time (87°C,
11% RH). Measurements such as blood pressure, tympanic temperature, and thermal
comfort and sensation were recorded 5 minutes before, during, and after the sauna
intervention. Participants also completed a sub-maximal cycling test which consisted of
125 watt and a cadence of 100 rpm for 5-minutes total to assess heart rate during and in
the recovery period following the test (10-minutes post). This test was performed
periodically throughout the duration of the study (days 1, 8, 15, 22, 25, 29, and 35). As a
result this research team reported an increase in plasma volume (17.8%) during and

following post-training sauna exposure (Stanley et al., 2015). Plasma volume increased
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largely within the first 4 days of exposure compared to the average values during the pre-
sauna exposure training days (Stanley et al., 2015). The research team noticed that post-
exercise sauna exposure elicits physiological adaptations that represent heat acclimation.
It was also observed that plasma volume decreased to pre-intervention levels after the
final sauna exposure. In addition, trivial to small changes in peak heart rate or peak
power output were observed over the duration of the study (Stanley et al., 2015).
Zurawlew et al. examined the effects of hot water immersion after exercise to improve
exercise performance in temperate and hot conditions. Seventeen physically active, non-
acclimatized males participated were randomized to either the control (n=7, 23 £ 3 years,
body mass 72.1 £ 5.8 kg) or intervention group (n=10, 23 + 3 years, body mass 69.5 + 6.9
kg) for 6 days (Zurawlew et al., 2016). Experimental trials were conducted before and
after intervention days, consisting of a 40-minute submaximal run, 60-minutes of rest,
followed by a timed trial 5-kilometer on a treadmill. Participants were subjected to these
experimental trials in both temperate (18.0 = 0.1 °C, 42.5 + 3.6% RH) and hot conditions
(33.0+£0.3°C, 40.2 +0.7% RH ) (Zuralew et al., 2016). Before testing days, participants
performed a submaximal exercise which consisted of running on a treadmill at 65%
VO2max In @ temperate environment (18 °C) dressed in running shorts, socks, and shoes.
Following the exercise protocol, participants were subjected to either the controlled
thermoneutral water immersion (34.1 £ 0.4 °C) or hot water immersion (39.9 £ 0.3 °C)

up to the neck for 40-minutes (Zurawlew et al., 2016). Participants were allowed to
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remove themselves from the water immersion intervention if they felt any discomfort.
During these experiments, measurements such as body temperature (Tre), heart rate,
physiological strain, sweating response, and blood samples were obtained. As a result,
heat acclimation was observed in the hot water immersion group by an increase in sweat
rate by the fourth day (1.08 = 0.30 L/hr, P=0.02) and increased immersion time day the
third day (P=0.04) (Zurawlew et al., 2016). All participants in the control group were able
to complete the 40-minute water immersion, and no changes in sweat rate were observed
(0.39 £ 0.08 L/hr) (Zurawlew et al., 2016). In terms of experimental trials, the hot water
immersion group showed improvement in heat strain in hot and temperate conditions and
the 5-kilometer timed trial test in the heat. No changes were found in the control group

regarding the experimental trials.

Practically speaking, heat acclimation protocol designs may pose some challenges to
athletes, such as cold temperate environments, costs of travel to heat camps, or access to
passive heating methods such as heat chambers (Casadio et al., 2017). Current
recommendations for heat acclimation alternatives include post-exercise sauna exposure,
although no studies have studied the efficacy to induce thermoregulation adaptations or

performance enhancement (Casadio et al., 2017).
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Previous work conducted by the Athleat Field Lab has suggested that a 5-day acclimation
protocol may be sufficient while maintaining exercise capacity (Wardenaar et al, 2021),
yet it is still unclear if a combined method of approaches in athletes is more efficient

when compared to other methods for heat acclimatization.
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CHAPTER 3

METHODS
Study Design

The research design was non-randomized field study, factoring in the natural

environment at the end of summer in the desert. The study was to evaluate four warming
strategies for feasibility and efficacy in bringing the body’s core temperature to 38.5°C.
Each participant completed all interventions outdoors including one intervention in a
thermoneutral environment. Time and changes in core temperature were monitored as
measures of efficiency. The study was performed at Arizona State University (ASU) in
Tempe, Arizona in September-October of 2020. The research protocols were reviewed
and approved by the ASU IRB (#20193446). See Appendix A for flow chart of the study

design after including participants.

Participants

For this study, n=10 healthy, uninjured, active, male athletes (18-30 years old)
were considered. Participants were non-smokers, using no medications were athletically
fit (training approximately five to ten hours per week). Subjects were primarily recruited
through ASU club sports, but recruitment was open for outside participants as well from
gyms in the surrounding area. Participants were recruited through email and poster

advertisements. The study was approved, by the ASU IRB (1273622) and all participants
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read and signed informed consent. All participants received $90 after completion of the
study. Participants were screened for any contraindications with the physical activity
readiness PAR-Q questionnaire (Appendix B) and for the use of E-Celsius core

temperature capsule (Appendix C).

Procedures

Participants came into the research facility at their respective time slots. The number of
ten participants was chosen for this crossover study after evaluating other heat
acclimation studies and their sample sizes used to show significant adaptions. (Burdon et

al., 2013; Chinevere et al., 2008; Patterson et al., 2004).

Participants were randomly assigned a study ID number (1-10) by a researcher team
member. The number identified the participant, water bottles, urine sample cups, skin
temperature devices, and elastic chest strap device. The investigators identified

participants by their ID numbers to avoid bias in associating results with names.

Each participant was sent an email reminder from the research team about the study days
and scheduled time. Once at the research facility, each participant’s core temperature
capsule was synchronized with a monitor. They were then asked to use the facility

bathroom stall and provide a urine sample. They voided their bladders completely into
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large specimen containers. Participants were then taken to a designated area to attach
monitored devices (elastic chest strap and skin temperature buttons) and collected a semi-
nude pre-exercise weight. Once each participant completed an intervention, a second
urine sample was collected in the same method, followed by a second semi-nude post-
exercise weight in their designated area. Height of the participants was collected and
recorded once during the time of the study. A research assistant measured the weight of
the urine voided (pre and post) and transferred it into a 30 mL test tube to measure urine

specific gravity (USG).

Heating Strategies

During each visit to the lab, participants were asked to perform in the following 60-

minute interventions:

Passive heating (PAS): The passive heating strategy consisted of sitting in a heated tent at

approximately 38-40°C. Participants were allowed to enter and exit the tent as desired
throughout the intervention, but the objective was to have them remain in the
environment for as much time as possible in the 60-minutes. Participants wore light,

athletic clothing in this environment.
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Exercise in heat and passive heating (EH-PAS): Participants completed a HIIT protocol

that consisted of stationary biking at 80-90 RPM for two minutes followed by 5-10 two-
minute sprints (100 RPM) at higher resistance and 2 minutes of relative rest at 80-90
RPM for a total of 30 minutes in a heated tent (35°C) with standardized clothing and
watertight coverall suit. After reaching a target core temperature of 38.5-39.5°C (101.3-
103.1°F), participants were instructed to keep a constant work pace to maintain their
temperature within the target until they have reached 30 minutes of exercise duration.
Participants then removed the coverall suit and were led to a 30-minute PAS as outlined

above.

Exercise in a Hot Environment (EH): Participants completed a HIIT protocol as outlined

above in a heated tent (35°C). After reaching a target core temperature, participants were
instructed to keep a constant work pace to maintain their temperature within the target
until they had reached 60 minutes of exercise duration. Participants wore a watertight

coverall suit for insulation during this intervention.

Exercise in Moderate Conditions (EM): Participants completed a HIIT protocol as

outlined above in the setting of a moderate environment indoors (20°C; 68°F). After
reaching a target core temperature, participants were instructed to keep a constant work

pace to maintain their temperature within the target until they had reached 60 minutes of
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exercise duration. Participants wore a watertight coverall suit for insulation during this

intervention.

Interventions were separated by one week to minimize the effect on heat acclimation over
time. No effects on heart rate, rectal temperature, skin temperature, or VO and total

sweat loss using this strategy (Barnett and Maughan, 1993).

Measurements

Measurements were taken within 10-minutes prior to each intervention. The following is
a list of measurements taken during the study: core temperature, skin temperature, heart
rate, fluid intake, urine samples (pre and post), height, body weight (pre and post), and
environmental factors (temperature, humidity, saturated vapor pressor, actual vapor
pressure). Measurements collected during interventions were also used to calculate body
mass change, sweat rate, and estimated energy expenditure. An explanation of how each

measurement was performed can be found in the following sections.

Physiological Measurements
Core Temperature (Tc)
A portable telemetry system (E-Celsius, BodyTemp, France) was used to measure core

body temperature (T¢), which is a safe and reliable method to examine at rest and during
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exercise (Gant et al., 2006). E-Celsius tablets have an accuracy of +/- 0.2°C (+/- 0.36° F)
(BodyCap USA, 2020). Subjects ingested an individually calibrated telemetric
temperature pill on the evening preceding the exercise, to avoid interaction with fluid
ingestion during testing (Wilkinson et al., 2008). T. is measured at 15-second intervals.
Baseline T, was determined as the average of 30-seconds before beginning each test.
Average T¢ was calculated based on all output during tests. The highest value of the
continuous T measurements was presented as peak T and increment in T¢ (AT¢) was

calculated as peak T. minus baseline Te.

Skin Temperature (Tsk)

Tsk was assessed using wireless temperature recorders (iButton DS1+2L, Dallas
Semiconductor Corp, USA) set to acquire temperature samples at 20-second intervals
with a resolution of 0.0625°C (Smith et al., 2010). iButton device can operate in ambient
temperature of -55 °C to +100 °C. It has an accuracy of + 0.5°C within the range of 0°C
to +70°C. In the ranges of -40°C to 0°C and +70°C to +85°C, the accuracy decreases to
1.0°C (Maxim Integrated Products, 2002). For Tsk, the temperature recorders were
attached to the skin using Opsite transparent film (Opsite Flexigrid, Smith & Nephew
Medical Limited, Hull, England). Tsx was measured at four locations (neck, right
shoulder, left hand, and right shin) and Tsk mean was calculated using a weighted average

of the four sites (Standard, 2008). Each site had a weighted coefficient according to each
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site; neck, right shoulder, and right shin of 0.28 with the left-hand coefficient of 0.16.
Baseline Tskx was measured as the average of three consecutive measurements directly
before each intervention. Average Tsk was calculated based on all output during tests. The
highest value of the continuous Tsk was presented as peak Tsk and increment in Tsk (A Tsk)

will be calculated as peak Tsk minus baseline Tsk.

Heart Rate, breathing rate and activity

Participants wore an elastic chest strap device (Bioharness-3, Zephyr Technology,
Annapolis, USA) that included a 3-axis accelerometer providing a heart rate (HR),
breathing rate (BR), and an activity score. HR was measured at 1-second intervals
directly before the start of the selected interventions and continuously until the end of the
interventions. Baseline HR was measured as the average of the three lowest values within
30-seconds prior to beginning interventions. Average HR was calculated based on all
output during tests. The highest value of the continuous HR was presented as peak HR
and increment in HR (A HR) was calculated as peak HR minus baseline HR. HR baseline

and HR peak were delineated from the output.

Fluid intake
Participants were allowed to drink water at room temperature (20°C) ad libidum during

the warming phase. All drinks, within 30 minutes before the start and 15 minutes after
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each test or training session that the subject planned to consume were labeled and
weighed on a scale (PT 1400, Sartorius AG, Gottingen, Germany). Directly after each
session, all products or bottles were weighed to determine how much the participant

consumed.

Urinalysis

All subjects provided an all-out urine sample before and after each intervention. The most
important aim of collecting the urine sample was to make sure the bladder was empty to
measure clean body weight. Participants voided their bladders completely into a urine
bottle and transferred into specimen cups. A 30 mL urine sample was used and analyzed
at a standard sample temperature of 20°C to determine urine specific gravity (Pocket
refractometer, ATAGO, Tokyo, Japan). A urine specific gravity of >1.020 g/mL is

indicative for underhydration (McDermott et al., 2017).

Body Height and Weight

Directly before starting interventions, height was measured once via a stadiometer to the
nearest 0.1 cm. Body weight was measured semi-nude in dry underwear after voiding
before and after each intervention. Participants then changed into sporting clothes. Body

weight was taken with a digital scale in kilograms (kg).
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Environmental Measurements
During each experiment, ambient temperature and relative humidity was measured. After
this, saturated vapor pressure and actual vapor pressure were calculated to measure the
moisture of the environment using the following formula (US Department of Commerce,
2019) where Tair equals the air temperature (°C) and Tgew equals the dew point
temperature (°C):
Saturated Vapor Pressure = 0.61365(17-502*Tair)/(240.97+Tair)

Actual Vapor Pressure = 0.61365(17-502*Tdew)/(240.97+Tdew)
Environmental measures will be logged every 1-minute and will be reported as mean £
SD for each environment for interventions. Two separate measurements will be reported
for EH-PAS (Tent 1 and Tent 2, respectively) as each participant spent a total of 30-

minutes in both environments for this intervention.

Calculations
Body mass change and Sweat rate
Sweat rate (mL/h) was calculated as a combination of semi-nude body mass, fluid intake,

and urine output data using the following formula (Baker, 2017):

__ (pre—exercise body mass—post exercise body mass + fluid intake - urine output)

Sweat rate (mL/h) =

Exercise duration

The relative change in body mass (in %) between the measurement immediately before

the start and directly after each test or training session was calculated. The weight of the
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collected urine excretion before exercise and directly afterwards (within 15 minutes) after
ending each intervention measured within 0.1-gram accuracy (PT 1400, Sartorius AG,
Gottingen, Germany) at one decimal point (kg) was inserted in the formula to estimate

sweat rate.

Estimated Energy Expenditure

Work rate, the absolute intensity expressed in metabolic equivalents (METS), was
estimated based upon a linear regression approach derived from the 3-axis accelerometer,
HR, and BR. METSs were calculated for energy expenditure (in terms of kcals) by using
the following formula (Olzinski, 2019):

Energy Expenditure (kcal) = METs * body weight (kg) * hours of exercise

Statistical Analysis

Results were presented as mean + SD. The primary variables are time to reach >38.5°C
core body temperature as well as baseline, peak, increment, and average core temperature
for the 60-minute trials (slope and time increments per 10 minutes). Additionally, the total
outcomes were reported for total fluid intake and sweat rate. Primary variables were
assessed in 30-minute increments to assess differences in the EH-PAS intervention.
Averages were reported for environmental conditions (temperature, relative humidity,

saturated vapor pressure, actual vapor pressure), skin temperature, and heart rate.
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Differences between treatments was assessed using repeated measures ANOVA and post
hoc analyses or their non-parametric counterparts. For all tests significance was set for P <

0.05.
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CHAPTER FOUR

RESULTS

A total of ten athletes participated in all four interventions (club athletes, n=5;
ROTC, n=1; other, n=4) in the WUCD study. Data was normally distributed, and results
are presented as mean and SD. Data for weight and BMI was not normally distributed
and therefore presented as median and IQR. The population consisted of male athletes
ages 24.5 £ 3.4 years, with an average height of 180 = 11 cm and weight of 91.9 + 24.6
kg [median (IQR): 84.5 kg (81.4-89.4)]. All athletes reported to be healthy, free from
injuries, with a 5-10 hours of training per week. Characteristics on participants can be

found in Table 1.

Table 1. Characteristics of participants

Participants (n) 10
Gender Males
Age (y) mean, SD 245+34
Height (cm) mean, SD 180.0 +11.1
Weight (kg) mean, SD 91.9 + 24.6*
BMI (kg/m?) mean, SD 28.4 + 6.3**
Category

Club Athlete S

ROTC 1

Other 4
Hours training per week (range) 5-10

*Weight (kg) median (IQR): 84.5 (10.55), **BMI (kg/m?) median, (IQR): 25.5 (10.1)
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Table 2. Environmental measurements presented as mean and + SD for different
interventions and significant differences.

Conditions PAS? EH-PAS® EH° EM? P

Ambient Temperature

(°C)
Tent1:433+1.1202¢ 428+ 1.4 224+04  <0.001
Average 53.8 £ 1.1b°t¢d
’ Tent 2: 54.0 + 2.3 L.cd a,b2,d a,bl,b2,c ¥
Tent 1: 50.8 + 1.5 22.¢ 49.1+3.1 22894052
Peak 58.0 + 1.7 bted <0.001
Tent 2:58.4 + 2.1 °L¢cd ab2,d b1,b2,c
Relative Humidity (%)
Tent1:18.3+6.6¢¢ 10.0+1.8 34.7+£05 <0.001
Average 135+2.2¢¢
: Tent2:20.4+9.24 abl,d ab,b2c ¥
Tent1:39.5 +26.1 ¢ 12.2+1.6 41.7+47 0.04
Peak 309+132¢
Tent 2: 47.7 + 21.1 bt¢ a,b1,b2,d c +1
Saturation Vapor
Pressure (kPa)
Tent 1: 9.0 £0.6 *"2¢ 87407 2.7+0.1 <0.001
Average 15.3+1.,0b%ed
Tent2: 15.4 + 1.7 bhcd a,b2,d a,bl,b2,c ¥
Tent 1: 13.0 £ 0.9 2524 12.0+1.9 28+0.1
Peak 18.4 + 1.4 btcd <0.001
Tent2: 18.7 £ 1.9 44 a,b2,d a,b1,b2,¢
Actual Vapor Pressure
(kPa)
Tent1:13£0.22"¢¢ 08+0.1 27+01  <0.001
Average 2.0+0.3Lcd
Tent 2: 2.3 +0.4b%¢d a,b1, b2 a,b1,b2,c ¥
Tent1: 1.8 +0.2 224 1.2+0.3 2.8+0.1 <0.001
Peak 3.4+0.4PLcd
Tent 2: 4.0 £ 0.3 P-4 a,b1, b2 ab1,b2,¢ ¥

bl =Tent 1 of EH-PAS environment

b2 = Tent 2 of EH-PAS environment

+ Greenhouse-Geisser utilized with P-value set at 0.05

1 Repeated Measures ANOVA without Bonferroni Correction with P-value set at 0.05
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Environmental Conditions

The environmental conditions as mentioned in Table 2 were significantly different
between intervention for average ambient temperature (P<0.001), peak ambient
temperature (P<0.001), average relative humidity (P<0.001), peak relative humidity
(P=0.04), average saturation vapor pressure (P<0.001), peak saturation vapor pressure
(P<0.001), average actual vapor pressure (P<0.001), and peak actual vapor pressure
(P<0.001). Tent 2 of EH-PAS environment was the hottest in peak ambient temperature
(58.4 £ 2.1 °C) followed by the PAS environment (58.0 + 1.7 °C) and third was EH
environment (49.1 £ 3.1 °C). EM was the coldest environment as it was conducted

indoors as opposed to the other three interventions which were conducted outdoors.

Conditions of tent one of EH-PAS were comparable to that of the conditions for EH. No
significant differences noted amongst the environmental conditions for tent 1 of EH-PAS
and EH in terms of average ambient temperature (P=0.09), peak ambient temperature
(P=0.07), average saturation vapor pressure (P=0.08), and peak saturation vapor pressure
(P=0.07). Conditions of tent two of EH-PAS were comparable to that of the conditions
for PAS. No significant differences noted amongst environmental conditions for tent 2 of
EH-PAS and PAS in terms of average ambient temperature (P=0.50), peak ambient

temperature (P=1.00), average saturated vapor pressure (P=0.50), peak saturated vapor
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pressure (P=1.00), average actual vapor pressure (P=0.20), and peak actual vapor

pressure (P=0.06).

Table 3. Hydration and Estimated Energy Expenditure presented as mean and + SD for
different interventions and significant differences.

PAS? EH-PASP EH° EMA P
Hydration status
Urine Specific Gravity
Pre-Exercise 1.012 + 0.008 1.011 +0.010 1.013 +£0.009 1.011 +0.008 0.81
Post-Exercise 1.018 £ 0.007 1.008 + 0.006 1.011 + 0.008 1.012 + 0.009 0.06
T
Saliva Osmolality
Pre-Exercise 71.1+29.8 67.5+184 71.0+13.2 73.2+10.9 0.86
Post-Exercise 67.7 +23.8bcd 90.9+27.72 95.7+339% 1019+316° 0.04
i
Sweat Rate (mL/hr) 1071 +551 ¢ 1737 + 416 4 1698 + 6572 1289 + 298 ° <0.001
Fluid Intake (mL) 747 + 802 1084 + 750 1020 + 837 563 + 604 0.07
Absolute Body Weight ~ 0.38 +£0.36 >4 0.92+0.592 1.16+0.81% 0.92+0.602 0.002
Change (%) 1
Energy Expenditure (kcal) 228 + 850 ¢cd 443 £125*°¢ 510+ 1213° 492 +£107° <0.001

Hydration Status

Variables pertaining to the athletes’ hydration status and fluid balance among each
intervention are described in Table 3. No significant difference was found between
conditions, although fluid intake during EH-PAS and EH produced comparable results
(1084+750 and 1020+837 mL, respectively), while PAS (747£802 mL) and EM

(563+604 mL) participants drank 250 and 500 mL less, respectively.
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Urine Specific Gravity (USG) values were measured pre-exercise and post-exercise
resulting in USG Values listed in Table 3. The values ranged from 1.003 (well-hydrated)
to 1.032 (severe dehydration), which were recorded before and after each intervention.
No significant difference was found pre- and post each intervention (P=0.81, P=0.06

respectively).

Calculated sweat rate was the highest for an EH-PAS method (1737 + 416 mL/hr), which
was significantly different compared to PAS and EM (P=0.004; P=0.001, respectively).
The sweat rate in the EH was slightly lower in volume of 1698 + 657 mL/hr and was

significant when compared to the PAS intervention (P=0.048).

On average, EH method produced the largest difference of absolute body weight loss of
1.16 £ 0.81%, being significantly different from PAS 0.38 = 0.36% (P=0.01), but not
from the other interventions (P >0.05). An EH-PAS method also produced a significant
difference of absolute body weight loss of 0.92 + 0.59 when compared to PAS method
(P=0.02). No differences noted between absolute body weight change between EH-PAS

and EM (P=0.96)
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Estimated Energy Expenditure

Estimated total energy expenditure (EE) was significantly different between the four
interventions (PAS: 228 + 85 kcal, EH-PAS: 443 + 125 kcal, EH: 510 + 121 kcal, and
EM: 492 + 107 kcal, respectively; P <0.001). After pairwise comparisons, statistical
significance was found for total EE between PAS and EH-PAS (P <0.001), EH
(P<0.001), and EM (P<0.001). EH was also significantly different when compared to an

EH-PAS method (P =0.002).
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Table 4. Physiological outcomes presented as mean and + SD for different interventions
and significant differences.

PAS? EH-PASP EH® EMm¢ P

Core

Temperature

(°C) ¢
Baseline 37.3%£0.3 37.3+£0.2 37.3+£0.2 37.1+05 0.37
Average 37.5+0.45¢ 38.2+0.22d 38.2+0.1° 37.9+0.2° <0.001
Increment 0.8+0.25¢ 18+£06°? 16+£052 1.3+0.6 <0.001
Peak 38.1+05° 39.1+0.42d 38.9+0.3¢ 38.4+£0.3%¢ <0.001

Heart Rate

(bpm)
Baseline 73+13.1 86 +24.5 79+ 15.6 80+20.9 0.28
Average 98 +15.2bcd 142 +12.32 146 £ 9.7 2 142 +13.32 <0.001
Increment 60 + 15.9 b.cd 101 +29.82 102.6 + 14.42 94 + 22,52 <0.001

<0.001

Peak 134 + 2050 ¢cd 186 + 9.7 ¢ 181+9.1°2 174 +12.8%b ¢

Skin

Temperature

(°C) o
Baseline 33.5+1.18 34.7 +0.56 ¢ 34.4+0.56¢ 32.7+£0.73%¢ 0.004
Average 39.1+0.28™¢d 38.2+045%%¢  36.8+0492P¢  338+0512P¢ <0.001
Increment 6.7+1.50¢%¢ 5.4+0.90 ¢ 3.60 +£0.58 @ b.d 2.17+0.58%b¢  <0.001
Peak 40.3 +0.58 ¢ 40.1+0.71¢d 38.0+043%Pd  349+0652>¢ <0.001

Sample size n=10
O0Core Temperature n=7
oSkin Temperature n=5

P-value set at 0.05 based on Sphericity Assumed.
Differences between categories are indicated with lowercase letters with respect to

intervention (repeated-measures ANOVA,; p<0.05, with post-hoc Bonferroni correction)
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Physiological Outcomes
Total heating protocol (0-60 minutes)
EH-PAS and EH produced comparable results in terms of average, increment, and peak

Tc. When compared to PAS, an EH-PAS intervention produced significant results in
terms of average (P=0.02) and peak T (P=0.03) while EH produced significant results in
terms of average (P=0.04) and increment T (P=0.01). A total of 8 participants were able
to reach or exceed the targeted core temperature of 38.5°C in the EH-PAS intervention
compared to seven participants in a EH method. Figure 5 shows peak T, expressed as
box plots with all individual responses spanning over the four interventions. No

significance noted for baseline T¢ among interventions (P=0.37).

When looking at HR across all four interventions, a similar pattern is visible as shown for
Te, confirming a relationship between HR and body core temperature. The peak HR in
PAS was significantly lower than during the other interventions involving exercise (EH-
PAS P<0.001; EH P<0.001; EM P=0.01). Figure 5 shows the peak HR expressed as box
plots with all individual responses spanning over the four interventions. No significance
noted between baseline HR among interventions (P=0.28). Figure 5 also shows the

outcomes for T and HR across all interventions with 10-minute increments.

Baseline skin temperatures were noted to be significant (P=0.004), though only baseline

Tsk for EM was significant when compared to EH-PAS (P=0.001) and EH (P=0.003).
51



Baseline Tsk for EM was not significant when compared to PAS (P=0.28). A PAS method
yielded the highest results in terms of average, increment, and peak Tsk (39.1 + 0.28°C,
6.7 = 1.50°C, and 40.3 + 0.58°C respectively). An EH-PAS intervention produced the
second highest average (38.2 + 0.45°C), increment (5.4 + 0.90°C), and peak Tsk (40.1 £
0.71°C). All interventions produced a statistically significant result amongst each other in

terms of average, increment, and peak Tsk (P<0.001).
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Figure 5. Boxplots and individual responses for A: Peak T¢ and for B: Peak HR (n=10),
and outcomes over one-hour time of participants during interventions for C: Average T¢
and D: Average HR. n=10; *P < 0.01. Error bar represents 95% CI for A and B standard
deviation for C and D
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Table 5. Mean T (°C) £ SD reported in 10-minute intervals during one-hour period for all interventions. *P < 0.01

Intervention 0 10 20* 30* 40* 50* 60*
PAS 37.4+0.3 37.3+0.3 37.3+04 37.4+04 37.6+0.4 37.9+0.4 38.1+05
EH-PAS 37.3+0.3 37.4+03 37.7+0.2 38.2+0.2 38.6+0.3 38.7 £ 0.4 38.8+0.5
EH 37.2+04 37.3+0.3 37.7+0.2 38.2+0.3 38.5+0.4 38.6 + 0.4 38.7+0.4
EM 37.0+05 37.3+04 37.7+03 37.9+0.4 38.1+0.4 38.2+0.4 38.1+0.4
Table 6. Mean £+ SD HR reported in 10-minute intervals during one-hour period for all interventions. *P < 0.01
Intervention 0 10* 20* 30* 40* 50* 60*
PAS 80.4+11.1 83.0+14.1 91.3+16.6 98.8+17.1 106.4+16.7  114.4+17.4 121.1+248
EH-PAS 94.9 +24.9 138.8 +17.1 165.5 + 14.5 168.1+17.4 133.1+120  133.7+146 1351+185
EM 89.6 + 16.4 123.3 +26.6 160.6 + 13.7 161.9+17.8 159.1+155  147.0+125 150.7+12.7
EM 85.9+21.1 120.2 +24.7 152.9 +13.5 150.4 +21.1 154.9+152  1447+199 1415+220
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Table 7. Physiological measurements for 30-minute increments across all interventions as mean and + SD with significant differences.

EH-PAS
Duration (minutes) 0-30? 30-60° 0-30° 30-60¢
Core Temperature (°C) ¢
Baseline 37.3+0.34%h 37.4+044fhdn 37.3+0.34f 382+ 0.2babceg
Average 37.3+04cebdln 37.8+044fad 37.6+0.2a0f 386+ 04D Mabcegh
Increment 0.1+0.1cegbce 0.7+02Ma 1.0+0.2@ah 0.7+04"N
Peak 375+04ceubedhh 38.1+05%2 38.3+02%2 38.9£0.50bhagh
Heart Rate
Baseline 73+13.1 00N 92 +16.3d hadefh 86 + 24,50 1. 161+20.8babcey
Average 87 +14.0ce0bcdegh 110+ 17.2dfhacdefh 148 + 148 %&b 136+ 132 fiab
Increment 39+105ce0cdey 41+102%¢cdeg 100+ 30.1 & ab.df 74+ 610 fhabceg
Peak 112 +138cegbedelgn 1335+ 20,54 fhacdeth 186+ 10.7 e viabg 169 + 18.7 biab

Skin Temperature (°C) O
Baseline
Average
Increment
Peak
Energy Expenditure (kcal)

335+1.18°
39.0+0.38cegcah
6.6 +1.46¢9bMN
40.1 £0.58 ¢& 9 bfh

98 +39¢ceghbcdefgh

39.3+0.484Mmacefgh
39.1+£0.26 fhcegn
0.5+0.19%acdeg
39.8+045fhacdeg
131+ 47dfhacdefgh

35.0+£0.909 29 37.2+£0.46 D hean

36.9+0.439abdgn 38.6+0.77 fhicefgh
27+1.09%bfh 23+0.640fhbh
40.1+0.71%h:b.n

180 + 56 b, f,h;ab,cefh

37.7+0.42a9bfh
262 + 74 3 abd



EH EM P1 p2 P3

Duration All
. 0-30¢ 30-60° 0-30¢ 30-60" 0-30 30-60 .
(minutes) Interventions

Core Temperature

°C) 0
Baseline 37.2+04%" 38.1+05%2¢e0 37.0+£05%f 37.9+04 %20 0.37 % <0.001 <0.001
Average 37.4+06%%f 38.5+0.4ce0 375+04%" 38.1+0.4%2¢ 0.01 <0.001 <0.001
Increment 0.9+04%2" 0.7+04" 1.0+05°2 0.4+0.3bdhce <0.001 0.001 <0.001
Peak 38.1+05° 38.8+0.3M20¢ 38.0+04%%f 38.3+0.4%Fad <0.001 <0.001 <0.001
Heart Rate
Baseline 79 +156 48N 154 + 19,7 biab.ceo 75+20.9 %" 143 + 24,4 biab.ceg 0.29 <0.001 <0.001
Average 142 £145%° 151 +10.2 > ¢aP 135 +13.8%° 149 + 16.0 > *P <0.001 <0.001 <0.001
Increment 98 + 12,5 @abdfh 23+15.14¢e0 89 +20.9 #ab.d.o.h 30+21.14¢e0 <0.001 <0.001 <0.001
Peak 177 + 13230 177 +12.3 2P 168.9 + 11.92cac 174 + 135 2P <0.001 <0.001 <0.001

Skin Temperature

beA CO)o
Baseline 34.4+0.88900f 36.7 £ 0.58 b-h:b-eg 32.7+0.67cebedth 34.1+052b4%bdg 0.004 <0.001 <0.001
36.6+0.7029 b,d, g, 33.4+ 067208 b,cdef 34.1+057 b,d,f;ab,cde,
Average ) 36.7+0.76 ¢ md 9N ] . <0.001 <0.001 <0.001
Increment 3.2+0702%0b"an 0.70 +£0.36 2 ¢¢ 1.8+0.622cebe 05+035dacde <0.001 <0.001 <0.001
Peak 37.6+£0.34290feh 3754 0gpbdhace 345+ 0522cebe 34.8+0.72bdfacde <0.001 <0.001 <0.001
Energy ;a,b,d ;a b, d ;a,b ;a b, d
254 + 61 %P 256 + 64 > dab 235+ 552 257 + 54 b.diab <0.001 <0.001 <0.001

Expenditure (kcal)

Sample size n=10. 0Core Temperature N=7. oSkin Temperature n=5. P-value set at 0.05
Superscript: Differences between categories are indicated with superscripts (Repeated Measure ANOVA between corresponding portion of interventions; p<0.05, with post-hoc Bonferroni correction)

Superscript: Differences between all treatments indicated with subscript (Repeated Measures ANOVA across all interventions; P<0.05, with post-hoc Bonferroni correction).



First 30 minutes of the heating protocol

Table 3 shows outcomes for variables split with first 30 minutes of heating protocol and second
30 minutes of heating protocols. No differences were calculated for the first 30 minutes between
interventions for baseline T¢ or HR (P =0.30; P =0.29, respectively). EH-PAS, EH, and EM
interventions produced similar results in terms of average, increment, and peak T that were
significantly different from PAS in terms of average (EH-PAS: P=0.04, EH:, EM: P=0.05),
increment (EH-PAS: P<0.001, EH: P=0.001, EM: P=0.02), and peak T. (EH-PAS: P=0.01, EH:

P=0.01, EM: P=0.01) for the first 30-minutes of the interventions.

An EH-PAS and EH interventions produced comparable results in terms of average and
increment HR. The EH-PAS method resulted in the highest peak HR of 186 + 10.7 among the
interventions and significant when compared to PAS (P<0.001), EH (P=0.02) and EM (P=0.01).
Meanwhile, a peak HR for an EH intervention only produced significant results when compared

to PAS (P<0.001).

Second 30 minutes of the heating protocol

An EH-PAS and EH method produced comparable results in terms of average, increment, and
peak T¢ though no significant differences noted between the two interventions (P >0.05). An EH-
PAS method resulted in a slightly higher peak T¢of 38.9 + 0.5 °C in comparison to EH of 38.8 £

0.3°C, though no statistical significance noted between the two interventions (P >0.05).
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However, peak T in an EH-PAS method did produce more statistically significant results when
compared to PAS and EM (P=0.03; P=0.02, respectively) than EH vs EM (P=0.02)

EH resulted in the highest peak HR amongst all interventions with 177 + 12.3 followed by EM
174 + 13.5, EH-PAS 169 £ 18.7, and lastly, PAS 133.5 + 20.5. An EH-PAS method produced

the highest increment HR amongst all interventions of 74 * 6.
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CHAPTER 5

CONCLUSION AND DISCUSSION

Both EH and EH-PAS interventions produced a body core temperature exceeding
38.5°C, whereas participants during the other methods, i.e., PAS alone or while
exercising at room temperature, did not meet the targeted core temperature, while some
differences were noted among the interventions in terms of fluid consumed, sweat rate,
absolute body weight change, and estimated energy expenditure especially in the
interventions that were conducted in a hot environment. No differences noted in terms of

hydration status pre- and post-interventions.

The goal was for participants to reach the threshold of 38.5°C within these four
interventions. EH and EH-PAS method resulted in similar outcomes. Both interventions
produced a body core temperature exceeding 38.5°C, whereas participants during the
other methods, i.e., PAS alone or while exercising at room temperature, did not meet the
targeted core temperature that should prompt heat acclimatization (Périard et al., 2015).
This is of relevance as college athletes may have limited time availability to acclimatize
while starting practice, i.e., college athletes are to participate in a 5-day acclimatization
training program in which single-day practices do not exceed a 3-hour timeframe (Belval,
2017), and PAS could be a reasonable option to further optimize heat acclimatization

status without burdening the maximal countable hours within collegiate athletics. It is
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important to consider that not all participants were able to always meet the targeted core
temperature of 38.5° C. As such, seven participants were able to achieve this in the EH
intervention while eight participants reached goal core temperature in the EH-PAS
intervention (n=10). Only three participants were able to reach goal temperature in the

EM (n=10). For PAS, only two participants achieved goal (n=7).

Previous literature has been conducted looking at the effects of passive heat acclimation
alone and its impact on exercise performance. These studies focused on having
participants resting in a heat chamber (Henane and Valatx, 1973; Beaudin et al., 2009),
sauna (Leppaluoto et al., 1986; Scoon et al., 2007; Stanley et al., 2015), or hot water
immersion (Allan and Wilson, 1971; Brazaitis and Skurvydas, 2010; Zurawlew et al.,
2016). While still offering many benefits and similar outcomes than active heating
methods, passive heating methods require more frequent and longer durations of 6-21
days with 30-60 minutes bouts to reap benefits (Fox et al., 1964; Allan and Wilson, 1971;
Henane and Valatx, 1973; Leppaluoto et al., 1986; Shido et al., 1999; Beaudin et al.,
2009; Brazaitis and Skurvydas, 2010; Kanikowska et al., 2012). Passive heating alone
may not be beneficial for athletes and other populations that are required to adjust to
hotter climates in short notice. Our study provided insight that only two out of the seven
participants were able to achieve the 38.5°C target core temperature for heat adaptation
when following passive heating as only intervention for a duration of 60 minutes. Among

the participants, the mean peak core temperature for this intervention was 38.1 £ 0.5 °C.
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Research that has utilized a mixed method of exercise followed by passive heating to
achieved higher peak temperatures, which theoretically should result in higher impact on
heat acclimatization than passive heating alone. Our study resulted in elevated peak T¢ in
both an EH-PAS method and EH (39.1 £ 0.4°C, 38.9 + 0.3°C, respectively). This
information along with previous research adds to the existing knowledge why combined
methods of active exercise and passive heating methods have produced positive results
(Stanley et al., 2015; Zurawlew et al., 2016). Stanley et al, reported a mean tympanic
temperature of 39.2 + 1.1°C during the post-exercise sauna exposure and observed an
increase in plasma volume (17%) although its relation to heart rate measures is still
unclear (Stanley et al., 2015). Other researchers, such as Zurawlew et al., noticed a hot
water immersion following exercise showed a decrease in resting Tre (mean -0.27°C,
P<0.01) and final Tre during submaximal exercises performed a moderate (-0.28°C, P
<0.01) and warmer conditions (-0.36°C, P<0.01) (Zurawlew et al., 2016). Peak T was

not reported during time of exercise or hot water immersion intervention.

Our study is the first to utilize a HIIT 30-minute exercise protocol in a hot environment
followed by a 30-minute passive heating for a combined intervention. Previous research
did not control for exercise prior to a passive heating intervention (Scoon et al., 2007,
Stanley et al., 2015). While one research team had participants perform a submaximal

exercise for 40-minutes before entering a sauna, the environment during exercise was
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moderate (18 °C, 40% RH). The environmental conditions for EH averaged around 42.8
+ 1.4°C with actual average vapor pressure noted of 0.8 £ 0.1 kPa. VVapor pressure was
calculated as it does not change with ambient temperature; RH changes with temperature
(Davis et al., 2016). EM produced average ambient temperature of 22.4 + 0.4°C and
actual average vapor pressure of 2.7 + 0.1 kPa. Our moderate conditions were slightly
warmer than that of submaximal exercise environment in one research study (18 °C),
though core temperature was not measured during exercise (Zurawlew et al., 2016). It
should be important to note that three out of ten participants were able to reach goal core
temperature in an EM intervention compared to that of EH in which seven participants

achieved a core temperature of 38.5°C.

Some research utilized impermeable suits (Fox et al., 1964; Beaudin et al., 2009) to
reduce sweat evaporation and encourage a rise in core temperature. Sauna suits have also
been used to replicate similar conditions (Mee et al., 2017). Our study also utilized
coverall suits for a EH-PAS method (first 30-minutes), EH, and EM. The purpose of the
coverall suits in this study was to minimize the cooling properties of sweating while
participants exercised as our goal was to test the raise in core temperature efficacy of
each heating intervention. As sweat evaporates, it cools the skin which is one modality to
cool the body in hotter environments (Cisneros & Goins, 2009). Despite potential sweat
differences between athletes, the microclimate for each participant was fairly stable while

executing exercise interventions with the suit on. The coverall suit reduced the airflow of
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the fan in the outdoor environment which was needed in a few instances to ensure the
ambient temperature was stable. In a practical application, this also mimics athletes
wearing protective gear such as padding, which hinders the evaporation of sweat when

worn by athletes.

Overall, this study Tsk results were higher than when compared to previous research that
has been conducted in this field in similar conditions. As T is a balance of radiative,
evaporative, convective, and conductive exchanges as the body thermoregulates, it
remains largely independent of T in a wide range of ambient temperatures of 5-30°C
(Nielsen and Nielsen, 1965). In one research looking at skin temperature and hydration
on plasma volume during exercise, Kenefick et al. noticed an increase in overall skin
temperature before and 30-minutes after a submaximal exercise test in various
environments ranging from 10°C to 40°C in euhydrated and hypohydrated participants
(Kenefick et al., 2014). Skin temperature for all participants was monitored continuously
with a mean weight utilizing four sites which included the left chest, arm, thigh, and leg
(Ramanathan, 1964). After performing a submaximal ergometry exercise test,
participants sat in various environmental conditions ranging from 10°C to 40°C
(Kenefick et al., 2014). In euhydrated participants, a mean Tskof 35.6 £ 0.4°C and 35.9 +
0.4°C directly after exercise and 30 minutes of rest, respectively. In the hypohydrated
participants, mean Tsk at baseline and 30 minutes were slightly higher (36.1 £ 0.3°C and

36.3 £ 0.6°C, respectively). Researchers observed a core-to-skin temperature gradient,
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resulting in progressively higher skin blood flow response as the ambient temperature
increased (Kenefick et al., 2014). However, utilizing a skin temperature site of the thigh
may not be representative in conditions where the environment may rapidly change such
as exercise, sweating, or moving from varying climates of hot to cold (Ramanathan,

1964).

In a second study, researchers investigated the role of skin temperature in the acclimation
process during two heat stress tests (HST) when compared to temperate conditions during
exercise (Regan et al., 1996). Skin temperature was measured from eight sites with a
layer of waterproof tape to the forehead, right scapula, left upper chest, right upper arm,
left lower arm, left hand, right anterior thigh and left calf (Regan et al., 1996). Upon the
onset of sweating, Tsk was recorded for the forehead (HST 1: 36.93 £ 0.36, HST 2: 36.64
+ 0.11) as well as the forearm (HST 1: 36.82 £ 0.34, HST 2: 36.37 £ 0.14). While not
quantifiable, researchers noticed a difference of 4.2°C in Tsk between acclimated
regimens within the study subjects (Regan et al., 2016). While this is a relatively small
difference, Regan et al. hypothesized that an elevation in skin temperatures may be just as
critical of a component in heat adaptation. They observed that an elevation in skin
temperature may be critical towards peripheral adaptation as well as central adaptations
(Regan et al., 1996). Our results can partially be explained by exercise and heat induced

thermal adaptation in the body when exposed to hot environments (Périard et al., 2015)
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Our results measured skin temperature with relatively less sites (neck, right shoulder, left
hand, and right shin) and various sides of the body, yet produced similar results: as the
ambient temperature was elevated in conditions, skin temperature followed. The
environmental conditions of this study (22.9 — 58.4 °C) are within the temperature range
that is associated for the best accuracy for the device of £0.5°C (0 — 70°C). While T for
EH-PAS, EH, and EM were encapsulated with a coverall suit, the device on the left hand
was not encapsulated though only weighted with a smaller coefficient (0.16) compared to
the three other sites (0.28). Participants did not wear a coverall suit for the PAS, though

the environment itself, a small changing tent, did create its own capsule in that regard.

Exercise intensity was similar between treatments in a EH-PAS method, EH, and EM as
evidenced by average HR in all three interventions. Very few studies have measured HR
data for workload status. Two studies have measured end-exercise heart rate values
(Zurawlew et al., 2016, 2018) while one measured heart rate during submaximal exercise
(Stanley et al., 2015). Our study provided insight that HR outcomes (average, increment,
and peak) were comparable in a combined EH-PAS intervention to that of EH. When
looking at the first 30-minutes of both interventions (Table 7), average, increment, and
peak HR were still similar. When constant work rate exercise is performed in warm
environments (~40°C), there is a proportional relationship between the rise in core
temperature and increase in HR (Gonzalez-Alonso et al., 1999). As thermal strain

develops, HR increases as a response to the effect of temperature on the sinoatrial node
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and to vagal withdrawal and sympathetic activation (Périard et al., 2021). Travers et al.
recently demonstrated this relationship as maintaining a HR equivalent to 65% VO 2max
for 10 days in a heat acclimatization protocol resulted in a progressive increase in work
rate (Travers et al., 2020). Participants in this study were healthy, adult males (ages 18-
30) who trained on average 5-10 hours per week in various sports. Our results may not be
representative of other populations. As our participants consisted of healthy individuals,
it does not automatically carry over to populations such as the elderly and construction
workers. As humans age, the ability to dissipate heat properly decreases. This is primarily
due to the fact that the mechanistic routes the body utilizes to thermoregulate is affected
by metabolic heat production, reduced skin blood flow, smaller increases in cardiac
output, reduced sweat gland output, and less redistribution of blood flow from renal and
splanchnic circulation (Kenney & Munce, 2003). The elderly population also utilizes
polypharmacy, including diuretics, beta-blockers, and anticholinergics which can block
the increased cardiac output and sweating needed to cool the body (Gaudio & Grissom,
2016). Seniors are unable to adapt or acclimate as quickly compared to young adults.
They can also suffer from side effects from prescription drugs which can alter the body’s
ability to cool properly. Another population that this data does not represent are
construction workers. Construction workers are subjected to various environmental
conditions such as hot climates and humidity which require sufficient scheduled breaks to
properly cool down the body and prevent EHI. This population can quickly become at

risk if safe working conditions, protocols, and education is not set in place. According to
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the CDC, Department of Human Health Services, and National Institute for Occupational

Safety and Health (NIOSH), continuous work in hotter environments is not advisable.

As a combined active and passive heating protocol to induce heat adaptation will cost less
energy on an individual, this could be beneficial towards other populations such as
military or athletes. These populations train for similar timeframes and are expected to
perform in peak condition in various climates with little notice to acclimate in a new
environment. Both athletes and military personnel are considered to be in peak physical
conditions to perform at their best. Members of the military branch much be able to
adjust to new environments within a condensed time while also being mentally and
physically prepared for any scenario (Parsons et al., 2019). They must perform numerous
tasks in extreme conditions while in uniform which can add to physical strain on the
body. Like the military, athletes are also subjected to traveling to unfamiliar climates for
competitions with high relative humidity, which ultimately puts a strain on the body’s
ability to thermoregulate properly (Coris et al., 2004). High school athletes in particular
are treated the most in the United Stated for EHI usually around pre-season football
(Yard et al., 2010). The addition of various clothing, uniforms, helmets, and protective
gear that is worn during practice and games can also hinder the body’s ability to
thermoregulate. Athletes are more likely to become dehydrated quickly which increases

the risk to develop EHI.
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Strengths and limitations

Strengths of this study include the use of a hot environment for an active heating protocol
and a mixed protocol of active and passive heating in a hot environment. Other studies
have had some combined efforts of exercise and passive heating protocols (Zurawlew et
al., 2016), though the environmental conditions in which exercise was performed in was
considered temperate (18 °C, 40 % RH) or slightly warmer (33 °C, 40 % RH). Our study
performed an exercise protocol in a hotter environment for both EH-PAS and EH with an
average ambient temperature of 43.3 £ 1.1 °C (Tent 1) and 42.8 £ 1.4 °C, respectively.
Our EM conditions were slightly warmer than that of Zurawlew et al.’s study with an
average ambient temperature of 22.4 £ 1.1 °C compared to 18 °C (Zurawlew et al.,
2016). Our study also measured humidity for these environments (average relative
humidity EH-PAS: 18.3 + 6.6%; EH: 10 £ 1.8%) but also calculated vapor pressure as it
does not change with ambient temperature and relative humidity changes with

temperature (Davis et al., 2016).

Another strength to this study is the measurement of HR and T throughout each protocol.
Previous literature that utilized a post-exercise passive heating method to achieve
adaptation did not measure for these parameters during exercise (Scoon et al., 2007;
Stanley et al, 2015; Zurawlew et al., 2016). One research team measured tympanic
temperature during the post-exercise sauna immersion (Stanley et al., 2015) while

another team did not record core temperature (Scoon et al., 2007).
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One study did collect rectal temperature (Tr), skin temperature, and heart rate during
exercises tests performed by the participants before, during, and after the daily
interventions, however, the research team only reported resting Tre, end Ty, changes in
Tre, Tre at sweating onset, and end Tsk (Zurawlew et al., 2016). Our study reported

baseline, average, increment, and peak T¢, HR, and Tskx outcomes for all interventions.

This research does present with some limitations. First, this study did not measure actual
bike output in terms of wattage for the exercise portions of interventions, but previous
literature has utilized HR as an indicator to define workload for heat acclimatization
programs (Taylor et al., 2020). In one study, a stable and sustained elevation in RPE and
Tcwere also attained and was similar to that observed with isothermal/controlled
hyperthermia approaches (Travers et al., 2020). As discussed previously, when a constant
work rate is performed in a hot environment (40 °C), there is a proportional relationship
as HR increases and a rise in core temperature (Périard et al., 2021). Our findings are in

line with those reported using an active method of heat acclimation approach.

Another limitation to this study is that some participants did not reach the goal core
temperature of 38.5°C as they were already acclimated to the environment. Several of the
participants had been living in the climate for longer than 6 months (n=8) or exercised

outdoors (n=3) while only a handful (n=2) of participants had recently moved to the
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Phoenix area. One of the reasons why this study was conducted for athletes is that this
population may have difficulties achieving an elevated core temperature of 38.5°C
needed for heat acclimation. In some interventions, participants were unable to reach an
elevated core temperature such as PAS or EM. Depending on the environment that
athletes train in and various modalities of training exercises they achieve during practice,

various athletes may respond better to one intervention than others.

Some research has provided insight as to the loss of physiological benefits from heat
acclimatization protocols. Weller et al looked into heat acclimatization during winter
months and found that once acclimatization has been attained, an individual can maintain
the physiological benefits for up to one month in cooler environments with the need for
extensive re-adaptation to a warmer climate (Weller et al., 2007). Therefore, athletes are
able to reap the benefits of heat acclimation in cooler environments and time of the year

once acclimatization has been achieved.

An additional limitation to this study is that some data on core temperature and skin
temperature was lost due to technology errors. This is primarily on Day 1 of data
collection but was corrected for all other days of data collection. Core temperature data
was only available for seven participants rather than all ten participants as not every
participant had their own monitor. This was also corrected for all the remainder of data

collection. Additional data from all participants could have potentially lowered the Tsk
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trends for interventions. See Appendix F for differences in Ts in terms of mean + SD for
all participants vs five participants. It could be suggested that if all data points for all ten
participants for each intervention were evaluated, this could have potentially lowered the
outcomes for measured Tsk, which would be relatively closer to previous literature,
though our environments were elevated in comparison in which exercise was performed

in.

It is important to note that data was collected from September 2020 — October 2020 with
approval from IRB and COVID-19 protocols in place. Due to the nature of COVID-19
protocols and time restraints, only one participant was able to perform exercise

interventions at a time.

Conclusion and Applications

Based on the outcome of this study, a EH-PAS and PAS resulted in a similar raise in core
temperature above 38.5°C during 60 minutes of duration in healthy, adults (>18 years
old) in Phoenix, Arizona than each method individually. The results were comparable to
that of 60-minutes of EH. If heat acclimation protocols require one-hour of training, the
athlete may not be required to exercise for the entire 60-minute duration. A combined
effort of EH-PAS provided sufficient rise in core temperature as an EH method.
However, an EH-PAS method achieved the same results with less workload and time (30-

minutes of exercise), which may reduce the need for additional training time. If less
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workload is done by an athlete, the risk of overtraining and injuries could potentially be

lowered, ergo making it safer for athletes acclimating to warmer environments.

Considerations for training methods such as moderate and low intensity in heat vs high
intensity in a cooler environment to avoid a reduction in training quality. Other
considerations include individual responses to training modalities and environmental
stress as well as body size, body composition, and history of EHI of an athlete as
individual differences that can elicit different responses to heat stress and heat

acclimation responses (Casadio et al., 2017).
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Warm up and Cool down study
Ingestible Core Body Temperature Sensor
Contraindication Form

Name:

20193445
#26226375.0
IRS Approved at the
Protecol Leval
Feb 06, 2020

The E-Celsins Core Body Temperature Sensor 1s contraindicated for use if you answer
“Yes” to any of the following conditions:
Condition Circle “Yes” or “No”
Do you weigh less than sighry (80) pounds? Yes No
Do you have any known or suspectad obstructive disease of the Yes No
gastrointestinal fract, including but not limited to divernculitns and
mflammatery bowe! diszase?
Do vou exhibit or have a history of disorders or impairment of the gag Yes No
reflex?
Have you had previous gastointestinal surgery”? Yes No
Do vou have any dissases or disorders of the esophagus? Yes No
Wil you be undergoing Nuclear Magnetic Resonance (NMR) or MRI Yes No
scanning less than 3 days after swallowing the sensor?
Do you have a low motility disorder of the zaswoinrasinal mact Yes No
mcluding but not imited to deus”
Do you have a cardiac pacemaker or other implanted electromedical Yes No
device?
Do you have 2 swallowmg disorder? (problems swallowing) Yes No

If the participant answers “Yes” to ANY of the above conditions, the subject must not ingest the

ensor
Partcipant Signamurs Date
Primary Investizator Signature Date
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Health Screening Form Date:

Name: Study Name/ID:

Principle Investigator: Temperature:

In the last 48 hours, have you had any of the following NEW symptoms:
:;;;'c‘;:fm::; Ovs |[Owno ;':':::;m Oves |Owo
Possible fever
;:"":';‘: ::mm Muscle aches
chills and sweating O ves Ono O ves Owno
New Cough 0 ves Ono Sore throat Oves Owno
Nausea, vomiting or Dvyes Ono Loss of smell or taste, a 0 ves Ono
diarrthea change in taste

CIRCUMSTANCES:

Have you had contact with anyone who was diagnosed with or under

Investigation for the Coronavirus (Covid-19) in the last 148-days? Oves Owno

Have you traveled in the past 14-days? (including within the US) 0O ves Ono

If the person does NOT have a temperature, has NO symptoms AND answered NO to the circumstance
question above:

No monitoring Is required

If the person has had contact with someone who was diagnosed with or under investigation for the
coronavirus {Covid-19) in the last 18-days OR has traveled to an affected geographical area within 14-days
AND NO temperature AND NO symptoms:

Inform the participant it will be necessary to reschedule & have person contact their primary care provider

If the person has a temperature above 100.4F OR has symptoms listed above AND answered YES to
clreumstance questions:

Inform the participant it will be necessary to reschedule & have person contact thelr primary care provider

Screener name: Date:

inpersan refers 10 an -person. aceL0face reseanch actvAy. ¥ canducing HP research remolely nO achion s needed

Ver3.107/27/2020
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Arizona State University

COVID-19 Protocol

The following guidelines have been established to help protect the safety of our staff and
participants. Guidelines are based on CDC and ASU guidelines to help prevent COVID-
19 transmission.

Minimizing risk of transmission:

Participants and personnel will be asked to answer a COVID-19 Questionnaire as
they enter the lab for data collection days

Temperature will be taken at the doorway of the building by designated personnel
to ensure absence of fever (defined as >99.6°F). Ear-thermometer will also be
available for use, if needed

All participants and personnel must wash hands when entering the lab and prior to
leaving

All high-touch surfaces must be disinfected minimum twice per day (keyboards,
chairs, lab bench, equipment, doorknobs)

Participants will be required to wear a mask before and after intervention, and
during pre- and post- testing. Mask will not be required during interventions as
this will influence the results

Ensure proper disposal bins available for PPE disposal

Social distancing:

Occupancy will be based on the ASU recommendation of 150 sq ft per person.
Incoming participants will have a designated chair. There will be at least six feet
distance in between chairs. Baseline measurements and cooling protocol will take
place at participant’s designated chair. Participant will be asked to leave
designated chair only as necessary to proceed with testing.
A. Social distancing during intervention
1. Maintain minimum of 12ft distance from participant during
active exercise or have a screen in place between participant
and tester
2. Measure and designate areas for personnel at proper distances
(using tape strips to indicate social distancing measurements as
mentioned above)
3. Contact or in close proximity to participants will require use of
PPE
(i.e., masks, face shield, gloves) when social distancing is not
possible.
a. Masks and face shield: used at all times to reduce
aerosolized and droplet transmission
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b. Gloves: used when handling specimens (i.e., urine, etc)
or as deemed necessary
c¢. Gowns worn if sustained contact >5 minutes

Specific precautions based on intervention:

e Exercise Tent:
A. Minimizing risk of transmission

1. Disinfect training bike prior to and after training using ASU-
approved disinfectants
2. Allow 15-minutes between testing to allow proper air
circulation
B. Social distancing

1. One participant allowed during intervention

e Passive heating:
A. Minimizing risk of transmission
1. Allow 15-minutes between testing to allow proper air
circulation and reduce aerosolized and droplet transmission
2. Disinfect high-touch areas prior to and after intervention using
ASU-approved disinfectants
B. Social distancing
1. One participant allowed per tent during intervention

e |ce water bath
A. Minimizing risk of transmission
1. Disinfect high-touch areas prior and after intervention using
ASU-approved disinfectants.
B. Social distancing
1. One participant allowed in room during intervention
2. Maintain a minimum of 12ft between each participant

e Icy towels
A. Minimize risk of transmission
1. Disinfect chairs prior and after intervention using ASU-
approved disinfectants
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2. Placed used towels in dirty laundry bin to be properly
laundered
B. Social distancing
1. One participant allowed in room during intervention
2. Maintain chairs at a minimum of 12ft between each participant

e Ice vest
A. Minimize risk of transmission
1. Disinfect ice vests, ice packs, and chairs prior and after
intervention using ASU-approved disinfectants
B. Social distancing
1. One participant allowed in area during intervention
2. Maintain chairs at a minimum of 12ft between each participant
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Wﬁia Certificate of

Action
Inveetigator Name: Fions Wardenaar, °hD Board Actlon Date: 07/182015
Investigator Address. 225 N. 57 oUeet Epprova - 03222018
Phosnix, AZ 55004, United Statee Continuing Fraquancy: Annualy
Sponsor: Flords Wardenaar Sponsor Protocol Number: None
InsStution Tracking Number: Amended Sponsor Protocol Number:
Study Number- 1154223 IRB Tracking Number: 20160570
Work Order Number- 1-1059411-1 e
[ Protocol TTHs: Sun Devl Heat Aclmaion Frogram study

THE FOLLOWING ITEMS ARE APPROVED:

Revised Protocol (07-13-2018) Version 2

Consent Form [IN1]

Advartisament - Dear Prospective Sudent-Alhiste, We $17473347.1 - As Submitted
Advertisament - Letter - Daar ASU student o ampioyes #15035342 0 - As Submitted
Advestisament - Sun Devi Heat ACCIMITon Program #17473345 1 - As Submited
Sun Dewil Haat Accimation Program Screener #17473351,1 - As Submitted

Please nots the Information:
Please nave 3l cument and fullre SUDjECEs Sign the revisad Consent Formy(s) speci®ed In this aporova.

THE IRS HAS APPROVED THE FOLLOWING LOCATIONS TO BE USED IN THE RESEARCH:
Sun Dewll Athietics, Arzona State Universty, 600 £ Veterans Way, Tempe, Arzona 85281

ALL IRB APPROVED INVESTIGATORS MUST COMPLY WITH THE FOLLOWING:
Az 2 regquirement of 1SS approv, the invessgators conducing this research wil:

THIS RB 1S 1N FULL COMPLANCE WITH G000 CUNICAL PRACTICES AS DEFNED UNDER THE U S FOOD AND DRUC e 4

This & %0 certly thet the rformeion cortsned barait i e and comec! m refectsd i De records of Tus IRE WE CERTFY THAT o ;\
ADMINETRATION (FOA)} RECILALATIONS U S DEPARTMENT OF SEALTH AND “LUMAN SERVICES (-+3) REGURATIONS, ;@
A

Comply with al requirements and deteminations of the IRE
Frotect the rights, safety, and eeifare of subjects mvoived n the research.
Perzondily conduct or supervize the research,
Conduct the research In accordance with the relevant current protocol sapproved Dy the RS,
Ensure that here are adegquate resources 1o camy out the research safely.
Ensure that research s2a® are gualifed to perform procedhres and duties aszigned to them during e research.
Subenit proposed modficatons 10 the IRB pror to ther impiementation.

0 Not make mogifications o the research winout prior IRS review and 3pproval uniess necessary o eliminate

apparent immedate hazards 10 subjects.

Subevit continuing review reports when reguested by the IRS.
Submit a closure form 1o cloze research (end the IRB'S cversight) when:

O The protoco! Is permanently closed %o enroliment

O Al subdlects have compieted ali protoccl reiated interventions and Interactons

O Forresearch subject to federal oversight other than FDAC

*  No adducnal Kersfiable private iInformation about the sutjects I3 being cbtained
*  Anaiysis of private identifiatie information i3 compieted

¥ recearch approval expires, 20D al research activities and immediately contact the IRE
Fromptly report to the IRE the Information items izted N the IRE's "Prompt Reportng Reguirements” svaliable on the
RE's Web site.
Not accept or provide payments 10 professionas in exchange for refermals of potential subjects (*inder's %ees.”)

AND THE NTERNATIONAL CONFERENCE ON RARMOMESATION (ICH) GUDEUNES

Bowrd Ao (T18I518
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* Mot accept payments designed b acosieraste recruftment that ans tied i S rabe or Sming of enrcliment “bonus
payments"] wiSout prior RS approval

= \fiten required by the IRE ensure that consend, permission, and assent are obtaimed and documented I acoomance
wiER Sy rebevant current profocol as approved by S IRE

* Frompty notify S IRE of any change bo Informaiion provided on your inSal subeission form.

Consisient with AAHRPP's nesquirements in conneclion with s scoediation of IREs, @ Individual andior organiraton sl

promply communicate or provide, the foliowing Inforrmation relevant o the proleciion of human subjects o the IRE na

timealy manner

#  Upon reguest of the IRE, a copy of the written plan betwesn sponsor or CRO and sbe Fad sddresses whether expenses
fior medical care inowumed by human subject research subjects who experience reseanch related inpary wil be
reimbarsed, and B 3o, wi |5 responsible in order b detemine conslstency with the angusgs in S consent dooument.

* Ay site monitoring report that dinecty and materiaily a®scts subject safety or their wilingress io conbirge participation.
Buch repaorts wil be provided Eo the IRB within S days.

# Reports from any da monioning commiBes, dats and safety monitonng board, or dats and safety monhonng
commitiss in scoondance with the ime frame specfed In the ressanch prosocol.

# Ay findings from a closed research when those fimdings materially affect the safefy amd medical cane of past subjechs.
“imdings wil be reported for 2 years afer the ciosure of e reseanch.

I your reseanch sie s a HIPAA ooversd antly, the HIFAA Privacy Rule requires you i obitain writt=n suthorzation from =ach
reseanch subjact for amy wse or dscosune of proleched Realh Inforration for eseanch. I pour IRS-approved consent form does
not incude suckh HIPAA authorizabion Ergusge, e HIPAA Frivacy Rule requires you to Rane sach ressanch subject sion a
saparabe authorizabon sgresment *

Fedsral raguilations requirs that the IRE conduct confinuing review of approved ressarch. You wil
recalve Continuing Review Report forms from this IRE when the sxpiration dats ks approaching.

Thank you for using this WCS IRE to provide oversight for your research project.
DMSTRISUTION OF COPIES:

Contact, Company

Ciebra Murphy, Anizona State Universty

Flaris Wardenaar, PhD, Arzona State Liniversiy

<JOshua Beaumont, Sun Dell Athiefics, Anzona State Universty
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APPENDIX F

SKIN TEMPERATURE OUTCOME COMPARISON
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Skin Temperature (°C) outcomes represented in mean £ SD (n=5)

PAS EH-PAS EH EM
Baseline 33.5+1.18 34.7 +0.56 34.4 +0.56 32.7+0.73
Average 39.1+0.28 38.2+0.45 36.8 +0.49 33.8+0.51
Increment 6.7 +1.50 5.4+0.90 3.6 +0.58 2.17 £ 0.58
Peak 40.3+0.58 40.1+0.71 38.0+0.43 34.9+0.65

Skin Temperature (°C) outcomes represented in mean £ SD (n=10)

PAS EH-PAS EH EM
Baseline n/a 35.0+0.90 34.4+0.88 32.7 £ 0.67
Average n/a 37.8£0.56 36.7 £ 0.67 33.7£0.47
Increment n/a 4.3+1.48 3.2+0.72 1.8 +0.66
Peak n/a 39.3+0.91 37.5+0.47 34.6 +0.61
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