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Introduction

Extreme heat, and the various pathologies which can accompany it, remains one of the foremost
risk factors for tactical operators. Structural and wildland �re�ghters are an obvious population that
encounters extreme heat in the course of operations, not only due to direct heat but also the added weight
and thermal load of protective gear (McEntire et al., 2013). Law enforcement and military personnel also
encounter severe heat, which is further compounded by the wearing of body armor and various other
equipment (Caldwell et al., 2011; Ashworth et al., 2020; Parsons et al., 2019; Bach et al., 2013; Larsen et al.,
2011). Due to the additional loads which these tactical athletes must carry (added to the often extended
exercise, time, and exertion in operations), they are at an increased risk of heat illness when compared to
competitive and recreational athletes. For this reason, it is essential to investigate the various physiological
risks inherent with physical exertion in extreme heat and examine proven methods of improving heat
acclimation and tolerance for tactical athletes. This research article will also explore how these methods,
many from the sports sphere, can be adapted for and utilized in the training programs and operational
deployments of tactical athletes to improve mission performance in the heat and reduce the risk of heat
illness.

Exercise Physiology Considerations in Extreme Heat

Homeostasis, or the proper physiological balance within an organism, remains the essential
principle which medical and exercise professionals must seek to uphold in patients and athletes. For athletes
in tactical operations, such as military, law enforcement, and �re�ghting personnel, this need is multiplied
due to various factors which di�erentiate tactical operations from sporting events, such as:

● the life-or-death nature of tactical operations
● the wearing of protective equipment, adding weight and thermal load to

body
● the lack of rules and regulations governing behavior of opponents
● the unpredictable nature of operations, especially regarding:
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○ time spent in an “event”
○ changing metabolic demands of exertion
○ extreme levels of exertion
○ last minute changes in mission parameters, locations, and weather

Various aspects of exercise in the extreme heat and its associated e�ects on the human body can
bring mild to severe to life-threatening dangers to homeostasis (Racinais et al., 2015; Périard et al., 2015).
These dangers include: general hyperthermia, dehydration and hypovolemia, electrolyte imbalance, and
various forms of heat illness. One of the primary homeostatic needs of the human body, and especially for
tactical athletes, is therefore thermoregulation and maintenance of a proper balance of �uids and
electrolytes. Due to the factors listed above, thermal load is often increased in tactical athletes compared to
the general population, or even compared to elite athletes. High levels of exertion, when combined with the
wearing of protective gear and elevated ambient temperatures, can increase heat strain in tactical athletes
(Cheuvront et al., 2008; Caldwell et al., 2011).

During exercise in the extreme heat, the need for homeostatic balance becomes exacerbated. As
ambient temperature, core body temperature, and exercise intensity increase, the body must utilize
sweating to help dissipate heat (Périard et al., 2021). As the brain recognizes an elevated core temperature,
cutaneous vasodilation occurs in order to bring heat to the skin via the blood. Sweat glands are activated,
and the heat from the blood is transferred to sweat due to the proximity of capillary beds to the sweat
glands. Due to water’s high speci�c heat, sweat is able to absorb a relatively large amount of heat, which is
then removed from the body as sweat leaves pores. It can then be evaporated from the skin, which assists
the body in dissipating heat and preventing core temperature from reaching dangerous levels.

Though heat dissipation via sweating is of immense importance during exercise in the heat, this
does present its own risks to homeostasis, namely the loss of and altered balance of body �uid and
electrolytes. A loss of �uids and electrolytes which exceeds those replaced during or soon after activity can
have highly detrimental e�ects on the body (Hosey & Glazer, 2004). In order to maintain proper
functioning, the body must both maintain adequate levels of �uid and electrolytes and maintain a balance
between these �uids and electrolytes. This is why rehydration and replenishment of electrolytes lost in sweat
is essential when exercising in extreme heat. The body must maintain normovolemia, and in order to do so,
one must o�set sweat losses. In order to perform at a high level in extreme heat, the body must continue to
cool itself via sweating and simultaneously maintain blood volume. Strategies to improve hydration levels in
training and operations will be explored later in this research article. As Caldwell et al. (2011) have
demonstrated, sweating increases with the wearing of body armor, which makes hydration of even greater
importance for tactical operators.

The role that the cardiovascular system plays in sweating should not be overlooked, as heat transfer
through blood vessels is considered the most important heat-exchange pathway in the body
(González-Alonso, 2012). Thermoregulation does indeed create a number of cardiovascular demands and
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creates unique challenges for heart and blood vessels, both in hot and cold environments. During exercise in
the extreme heat, there exist two “competitive” demands within the cardiovascular system: �rst, bringing
oxygen and energy nutrients to working muscles, and second, the need to increase peripheral vascular �ow
to dissipate heat and prevent a severely elevated core temperature (McArdle et al., 2005), which can lead to
heat illness.

During intense exercise, the cardiovascular systemmust increase its activity in order to supply
working skeletal muscles with energy nutrients and oxygen. Since this is a necessary function and exercise
cannot continue without elevated heart rate and circulation, temperature regulation is often secondary to
circulatory regulation and blood �ow (McArdle et al., 2005), which can lead to a very increased core
temperature. Though this creates unique challenges for operations in extreme heat, it demonstrates the
importance of a holistic understanding of not only the physiological threats of operations in extreme heat,
but also the importance of training strategies and interventions which can mitigate many of these threats.

Major Factors A�ecting Heat Tolerance

Certain �tness parameters have been demonstrated to have a signi�cant impact on heat tolerance,
supporting the notion that operators with higher �tness levels may indeed be less prone to developing heat
illnesses and therefore able to continue toward mission objectives. are: aerobic capacity and VO2max, body
fat percentage, sweat composition, and sweating rate. An exploration of each of these follows.

Endurance training has long been known to confer multiple bene�cial adaptations supporting
both general health and human performance in sport and tactical occupations (Hughes et al., 2018;
Ashworth et al., 2020; Parsons et al., 2019). These bene�ts, according to Baechle & Earle (2008), include:

● increased maximal cardiac output
● increased stroke volume
● decreased resting and submaximal heart rate
● improved sweat composition
● increased sweat rate
● increased VO2max

Endurance training, and therefore improved aerobic capacity and VO2max, have also been
speci�cally shown in multiple studies to have a bene�cial impact on heat tolerance during exercise. After
�nding a signi�cant connection between higher VO2max and heat tolerance, Lisman et al. (2014)
concluded that low aerobic �tness could be addressed as a preventative measure for exercise-induced heat
illnesses.
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An Australian study by Alele et al. (2021) con�rmed this �nding, as their research demonstrated
that subjects with lower aerobic capacities were less heat tolerant than their more aerobically-�t
counterparts. Périard et al. (2021) also concluded that athletes with greater levels of aerobic �tness are
already better suited to heat-exercise tolerance. Based upon these data, it is prudent for the practitioner to
assist tactical athletes in developing a high level of aerobic capacity. However, since strength and power
capabilities are essential in tactical athletes, it is advisable to utilize interval training methods as the majority
of a tactical athlete’s endurance programming, as these can improve VO2max as well - if not better - than
steady-state endurance training (MacInnis & Gibala, 2017, Rowan et al., 2012) while more e�ectively
maintaining strength and power capabilities.

A direct connection between higher body fat percentages and heat intolerance was not seen by
Lisman et al. (2014), but was seen by Alele et al. (2021). They reported that higher body fat percentages
were indeed signi�cant predictors of heat intolerance. Considering that low to moderate body fat
percentages are well-known for being indicators of higher �tness levels, this should be a goal in tactical
performance training. The indication that lower body fat percentages can also assist in the expression of
heat tolerance may assist trainers and instructors in achieving buy-in from operators when presenting the
new approaches to tactical strength and conditioning which are characteristic of programs such as the US
Army’s Holistic Health and Fitness (H2F) initiative.

As discussed in a previous section, sweating plays a major role in assisting the body to
thermoregulate when exercising in extreme heat: in order to dissipate heat, water in sweat carries heat from
the body’s circulation outside of the body via pores in the skin, from which it then evaporates to the
environment. Contained in sweat are both �uids and electrolytes such as sodium, potassium, and chloride.
Highly-trained athletes and untrained (or less trained) individuals both will sweat when exposed to heat;
what may not be apparent to the layperson, however, are the di�erences in both sweat composition and
sweating rate between these two groups.

Through training, highly-trained athletes (especially endurance athletes) achieve thermoregulatory
adaptations which assist the body in elevated levels of performance and decreased risks of heat illness.
Among these are the ability to attain an increased rate of sweating (which can cool the body to a greater
extent) and a decreased amount of electrolytes lost through sweat. In other words, endurance training in
general, as well as controlled hyperthermic training, will improve both the sweating rate and sweat
composition in athletes, helping lead to improved heat tolerance (Baker, 2017; Périard et al., 2015;
Racinais, 2015). For sports scientists and other practitioners, sweat loss testing can be a very useful tool to
estimate sweat rate and sodium concentration in sweat (Baker, 2017). This can provide data that can in
turn assist sports scientists and coaches to guide �uid and electrolyte replacement strategies for the
operators that they train.
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Heat Acclimation and Acclimatization

Acclimation and acclimatization are often used synonymously in the literature regarding
adaptations to the heat. For example, after a search was performed on the National Library of Medicine
online database (PubMed) for “human heat acclimation”, the same results, in the same order, were achieved
by searching “human heat acclimatization”. However, some biologists (Filatova et al., 2019; Nakajima et al.,
2020) di�erentiate acclimation and acclimatization in that acclimation refers to shorter-term adaptations
which assist in thermoregulation (obtained in controlled conditions), with acclimatization referring to
longer-term thermoregulatory adaptations which occur in response to being in a speci�c environment
itself.

Heat acclimation could refer to soldiers in a cold environment who are preparing for deployment
to a hot environment. They implement additional endurance training and sauna exposure in their overall
training program to assist in heat tolerance. Heat acclimatization then, could occur when they then deploy
and have been exercising and operating in a hot environment for a few weeks. In both of these examples, the
operators have improved their heat tolerance, although actual exposure to a hot climate improves heat
tolerance better than does heat acclimation training strategies in a non-hot climate (McGarr et al., 2014).
Regardless of the exact de�nitions used for acclimation and acclimatization, it is clear that greater levels of
heat tolerance can be achieved by tactical operators through heat-stress training and exposure to hot
climatic conditions.

Below are highlighted speci�c physiological e�ects of acclimatization that can be achieved through
training and heat exposure (McArdle et al., 2005), all of which will lead to improved physiological responses
in the body:

● increased cutaneous blood �ow
● more e�ective distribution of cardiac output
● decreased threshold for the initiation of sweating
● more e�ective distribution of sweat over skin surface
● decreased concentration of electrolytes in sweat
● increased sweat output

Methods for Improving Heat Tolerance

Since the mid-twentieth century, there has existed an interest in the physiology of military
operations in extreme heat, though this �eld of study has grown signi�cantly since the beginning of
American and allied involvement in Afghanistan and Iraq post September 11th (Ashworth et al., 2020;
Parsons et al., 2019). Novel strategies are emerging which can assist not only members of the military, but
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law enforcement and �re�ghting personnel as well, to improve mission performance in extreme heat and
reduce the risk of heat illness. These strategies are separated into three categories in this research article: a.)
active training strategies, b.) passive training strategies, and c.) in-training and in-mission strategies.

Active Heat Acclimation Strategies
Perhaps the �rst emphasis to make when discussing active training strategies that can assist with

heat acclimation is the importance of seriously challenging the body’s thermoregulatory capabilities in
order to truly trigger adaptations (Ravanelli et al., 2019). Without a great enough training stimulus, the
body will not achieve the desired adaptations making it more capable of elite performance in extreme heat.
Active training stimuli that can trigger heat-tolerant adaptations include: an elevated core temperature for a
prolonged period of time, elevated heart rate, and exposure to high ambient temperatures in training.
Below is a summary of much of the scienti�c data gathered around active training strategies to achieve heat
tolerance combined with an exploration of how this data can be used to inform tactical training
approaches.

Heat acclimation training can improve multiple physiological measurements in both hot and cool
environments (Lorenzo et al., 2010), and heat-stressed cycling even improved running performance in team
sport athletes (Gale et al., 2021). This demonstrates that the body undergoes wide-ranging bene�ts from
heat-stress training, even if that training does not exactly mimic the exercise to be later performed. Applying
this data to a tactical training environment, we can intuit that a military unit, currently stationed in a cold
climate and preparing for deployment to a hot climate, could utilize heat-stressed indoor cycling to assist in
heat acclimation for the imminent deployment.

James et al. (2017) found that when compared to normothermic training, heat-stress training
induced improvements in heat acclimation in only �ve days. This demonstrates, together with Stone et al.
(2022) and Chalmers et al. (2014), that athletes have a capacity for short-term heat acclimation (STHA).
Especially for special operations forces, which may have to deploy with little to no notice to a hot climate,
this �nding is important, as these units can utilize proven strategies for developing short-term heat
acclimation. Heat acclimation bene�ts garnered through training can even be maintained for a month by
performing heat-stressed training every �ve days (Pryor et al., 2019); this data can be useful as well for
special operations forces awaiting a probable call-up. When operators arrive in theater, however, it is still
advisable to undergo intentional heat-stress training when possible in order to expedite full heat
acclimation. Indeed, Charlot et al. (2017) found that <60 minute daily moderate intensity training sessions
after arriving in a hot climate for �ve days improves heat acclimation when compared to only performing
general outdoor military duties.

As mentioned in a previous section, interval training for endurance has been demonstrated to have
certain advantages over steady-state training. Overreaching through high-intensity interval training (HIIT),
however, needs to be avoided, as this will negatively a�ect performance in the heat when short-term heat
acclimation is necessary (Reeve et al., 2019; Schmitt et al., 2018). Practitioners should carefully monitor
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rate of perceived exertion (RPE), hydration levels, sweat loss and sweat composition, and heart rate recovery
to ensure that overreaching and overtraining symptoms are avoided.

Although multiple studies have addressed the e�ects of endurance training on heat acclimation, no
studies could be found exploring the e�ect that heat-stressed resistance training can have on heat
acclimation and/or heat tolerance. However, Doma et al. (2019) discovered that in already
heat-acclimatized men, resistance training does not negatively a�ect thermoregulatory measures. This is an
important �nding, considering the importance of strength and power capabilities in tactical occupations, as
overemphasizing endurance training over strength and power training could lead to decreases in
mission-speci�c performance. Due to the ability of multiple modes of HIIT to improve VO2max
(Astorino et al. 2017), an exploration of the e�ect that resistance training-based HIIT could have on heat
tolerance is advisable and may add valuable training recommendations for tactical operators seeking both
heat tolerance and the maintenance of strength and power capabilities.

Passive Heat Acclimation Strategies
Tactical operations and training are inherently metabolically taxing, making it necessary to properly

frame strength and conditioning sessions around job-speci�c tactical training such as defensive tactics,
�rearms training, or scuba training. If strength and conditioning sessions are not structured to complement
job-speci�c operations and training, tactical athletes run the risk of overreaching and overtraining, which
can greatly diminish both mission performance and health outcomes (Jensen et al., 2019). Extra endurance
training sessions, in order to favor heat acclimation, may actually be detrimental to operator health if
performed in addition to normal job-speci�c training and strength and conditioning programs. Methods of
triggering adaptations that favor heat acclimation while simultaneously aiding recovery, then, could assist
tactical operators in preventing overtraining symptoms. For this reason, passive heat acclimation strategies
are explored below.

Passive heat acclimation strategies are those which do not involve exertion, but which still expose
the body to higher-than-normal ambient temperatures; this is in order to prompt heat acclimation
adaptations or assist the body in improving thermoregulatory processes. Passive heat acclimation strategies
can and should be utilized in addition to active strategies, such as those explored in the previous section, as
this combination is e�ective (Stephenson et al., 2019). These strategies can even elicit larger thermal
adaptations than conventional short-term exercise heat acclimation (McIntyre et al., 2021). It is important
to note, however, that for complete acclimatization, exposure to the actual heat being trained for is still
needed (McGarr et al., 2014).

One form of passive heat acclimation that has been shown to be very e�ective is post-exercise hot
water immersion (HWI). Zurawlew et al. (2019) found that post-exercise HWI performed for six days both
reduced thermal strain and improved exercise performance in the heat. This strategy helped subjects retain
heat acclimation adaptations for at least two weeks after the initial six day HWI period. A strategy related to
post-exercise HWI was investigated byMee et al. (2018), who discovered that pre-exercise exposure to a hot
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sauna elicited many bene�cial adaptations favoring heat acclimation, including reductions in
thermoregulatory, cardiovascular, and perceptual strain. Both of these strategies may be bene�cial for short
pre-deployment periods in military populations.

An additional passive strategy to assist in heat tolerance for subsequent exercise in the heat is
pre-cooling. This strategy may take the form of ice/ice-water ingestion or cooling via cold materials being
placed on the body. Pre-cooling strategies may have bene�ts for heat tolerance in subsequent exercise in the
heat (Zimmerman et al., 2018) and may be especially bene�cial for unacclimatized persons (Schmitt et al.,
2017). When planned training or missions occur in extreme heat, these strategies may prove bene�cial for
not only military personnel, but for law enforcement and �re�ghters as well.

Strategies for Heat Stress Mitigation During Training and Operations
Though the above strategies - both active and passive - to increase heat tolerance and improve heat

acclimation are important, they do not replace the need for heat stress mitigation strategies during training
and operations. Without in-training and in-mission interventions, even the most heat-acclimatized and
otherwise healthy individuals can su�er severe heat illness (Department of the Army, 2012). For example,
elite special operators could spend months preparing for deployment to an extremely hot climate, with all
of the bene�ts of a full human performance sta� comprised of medical doctors, exercise physiologists,
strength and conditioning specialists, and more. Yet, if these soldiers do not utilize mitigation strategies to
assist their bodies in maintaining homeostasis throughout operations in the heat, they could easily fall prey
to severe - and even life-threatening - heat illness. Due to the importance of these strategies to the
maintenance of homeostasis and mission performance, the principal strategy is introduced below:
hydration/nutrition.

Rehydration is an essential strategy to prevent heat illness and improve performance (Department
of the Army, 2012; Périard et al., 2021). Due to the large amounts of �uid loss that are intrinsic to sweating,
it is essential that persons exercising, competing, or operating in extreme heat replenish �uid at regular
intervals. However, since electrolytes are also lost in sweat, rehydration with water only is cautioned against
(Gotlin, 2020). Instead, rehydration with a drink containing both water and electrolytes is a key strategy
during exercise in the heat. While �uid and electrolytes are of utmost importance, a combination of
carbohydrates and protein can further improve exercise performance in the heat (Cathart et al., 2011).

Conclusion

Training and operations in extreme heat introduce a number of physiological dangers to tactical
athletes. For this reason, it is of utmost importance that preparing for the rigors of heat stress be a
fundamental element of the overall training programs for military, law enforcement, and �re�ghting
personnel. Through a combination of active and passive strategies, tactical operators can indeed prepare
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their bodies - and minds - for the inherently strenuous nature of extreme heat. During training and
missions, hydration and nutrition strategies are essential, though can be combined with active cooling
strategies including the wearing of cooling vests, fanning and spraying with water, and cold water ingestion
(Périard et al., 2021).

An investigation of the role that resistance training and concurrent training can play in increasing
thermoregulatory abilities for tactical operators is warranted, due to the need for both strength and
endurance capabilities in this population. In conclusion, tactical operators, due to the nature of their work,
are often at increased risk for heat illness compared to sport athletes, and for this reason it is essential that
training to increase heat tolerance be a fundamental portion to tactical strength and conditioning
programs.
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