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Abstract
Elite athletes will compete in extreme heat more frequently as global land and sea temperatures increase, alongside more 
intense, frequent and longer duration heatwaves. Best practices to protect athlete health and performance during competition 
include heat acclimation/acclimatisation [(HA); i.e., long-term pre-competition preparation] complemented by pre-planned 
and practised cooling and hydration strategies (i.e., short-term interventions immediately before or during competition). 
This review explores elite athletes’ current behaviours and practices when preparing for competition in the heat and assesses 
the level of knowledge that has been exhibited by athletes and their practitioners in this space. Recommendations for future 
research, discussions of current best practices, and methods to improve translation of research into practice are provided. 
Available research focuses on small samples of elite endurance athletes during a selection of World Championship/Olympic/
Paralympic events (~6% of competing athletes). While generally an increase in the adoption of evidence-based HA is seen 
chronologically from 2015 onwards, universal adoption is not seen. HA adoption is lowest in those who live/train in cold/
temperate environments with cost and access to facilities/equipment being the most commonly reported barriers. Further 
research is required across the sporting landscape to fully characterise elite athlete behaviours and practices in these spaces. 
International federations and national governing bodies should continue their efforts to educate athletes and focus on regularly 
updated and reinvigorated release of evidence-based guidelines (in multiple germane languages) for competing in the heat, 
to increase the adoption of HA and other heat related best practice.
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Introduction

In the 2023 annual climate update the World Meteorologi-
cal Organisation (WMO) estimated that global temperatures 
are likely (likelihood: 66%) to increase 1.5 °C above pre-
industrial levels before 2027 [113]. Inevitably, this affects 
the sport landscape (an increasingly global industry esti-
mated to be worth $700 billion by 2026 [111]). Indeed, 
Tokyo 2020 was the hottest Olympic [67] and Paralympic 
[64] games on record, and Paris (Olympic and Paralympic 
Games host, 2024), not typically considered a hot climate, 
could see temperatures regularly exceed 30 °C during the 
Games, or even reach 40 °C should a heat wave similar to 
that observed in 2022 occur [42]. Heatwaves are increasing 

in their frequency, intensity and duration [18], with maxi-
mum land [106] and sea [24] temperature records being 
regularly broken. The World Aquatics Championships (open 
water swimming events) in Fukuoka in July 2023 saw water 
temperatures of 25.8 °C to 28.2 °C in the Open Water Swim 
events. The World Athletics Championships in Budapest 
(August 2023) saw ambient temperatures and humidity 
exceed 35 °C and 90% respectively [wet bulb globe tempera-
tures (WBGT) ranged from 21 to 29.5 °C (data provided via 
personal communication with World Athletics)], comparable 
to the Tokyo Olympic Games 2020. The forthcoming World 
Athletics Championships (Tokyo September 2025) and the 
Summer Olympic and Paralympic Games (Los Angeles July 
2028) will be held in hot summer climates. For context, the 
hottest temperature recorded on earth (54.4 °C; July 2021) 
was reported in Death Valley, California, less than 200 miles 
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(~322 km) from the Olympic and Paralympic site [23]. Elite 
athletes will inevitably be faced with extreme heat at future 
events given the increased frequency, length and severity of 
heatwaves seen and forecast. Concerningly, such extreme 
heat-related competition environments now occur at events, 
and within seasons, where such extreme weather conditions 
are historically rare, or have not been seen before (e.g., Race 
Walking World Championships Muscat March 2022, his-
torical data predicted race temperatures of ~22 to ~26 °C but 
reached 31.3 °C [33]). For the purposes of this review elite 
athletes are those competing at Tier Four (Elite/International 
Level) and/or Tier Five (World Class) level of the Participant 
Classification Framework [61].

The increase in global temperatures, especially heat-
waves, has substantial implications for public health, lead-
ing to significant increases in heat related fatalities (>60,000 
deaths have been attributed to heat during the 2022 summer 
heat wave in Europe [9]) and overwhelmed health systems 
[58]. Similarly, hot environments have detrimental health 
and performance effects on individuals engaged in regular 
physical activity, from recreational to elite athletes [108]. In 
hot, compared to temperate, environments, significant exer-
cise-mediated rises in core (Tc) and/or skin (Tsk) tempera-
ture (Tc: ~2–2.5 °C [25], Tsk: ~5 °C [69]) occur alongside 
concomitant plasma volume loss and dehydration, increas-
ing physiological and perceptual strain [69, 72, 105]. These 
responses combine to negatively affect physical [36, 69] and 
cognitive [57, 101] performance in the heat. High Tc in this 
scenario is also associated with an increased risk of exer-
tional heat illness (EHI) and the potentially fatal exertional 
heat stroke (EHS [71]). EHS will be diagnosed when an 
individual presents a Tc ≥ 40.5 °C and profound neuropsy-
chological impairment (i.e., altered mental status [11, 20, 40, 
41, 51]). Elite endurance training provides a health protec-
tive effect against EHS. For example, even temperate-based 
elite endurance training induces a partially heat acclimated 
phenotype [3, 7, 35, 102] whilst elite endurance athletes who 
are heat acclimated/acclimatised can tolerate a Tc ≥ 41 °C 
without succumbing to EHS (i.e., no alteration in mental 
status [80, 84, 97]). Across various competition levels, inter-
mittent sport athletes (386 individuals across 34 studies) 
have been observed to reach a peak Tc of 38.5 °C to 39.5 °C 
(24 of 34 studies included in a recent systematic review) 
and ≥ 39.5 °C (6 out of 34 studies [38]). Across intermit-
tent and endurance sport competition and levels, 11.9% of 
athletes (1450 athletes from 49 studies) presented with a 
Tc ≥ 40 °C, with only 2.8% of these experiencing any EHI/
EHS symptoms [91]. That said, it must be acknowledged 
that EHS can occur in any athlete, even within temperate 
environments, and this medical emergency remains one of 
the three leading causes of sudden death in sport [21, 115].

Unprecedented and previously unseen action has been 
taken at recent World Athletics Championships (midnight 

race starts at the World Championships Doha 2019; 5000 m 
heats moved from morning to evening session at Budapest 
2023), Olympic Games (Tokyo 2020: marathon and race-
walks moved from Tokyo to Sapporo and women’s soc-
cer final stadium and time changed) and the FIFA World 
Cup (Qatar 2022 was moved from summer to winter) in an 
attempt to avoid extreme heat. Of these actions not all were 
successful, for example WBGT reached 30.6 °C [80] at Sap-
poro, with similar conditions in Tokyo [99]. Thus, athletes 
can and should control their own preparation (i.e., implement 
heat mitigation strategies) as even sensible policy/logistical 
changes do not always elicit desired effects (i.e., the envi-
ronment is not controllable). It is true that international fed-
erations in tandem with local organising committees must 
do their utmost to place athlete health at the forefront of 
decision-making regarding competition locations and tim-
ings alongside event logistics (e.g., appropriate medical tent 
set up, size and medical staff; emergency cooling equipment 
and expertise to perform cold water immersion; access to 
ice; enough wheelchairs and other athlete transports meas-
ures; evidence-informed heat-related policies, etc. [3, 11, 21, 
49, 63]) in an a priori manner to optimise the environment 
for safe performance. That said, extreme weather conditions 
are becoming increasingly unpredictable and exceeding his-
torical maximums [18, 24, 106]. Therefore, alongside an 
optimised performance environment (e.g., logistics, timings, 
and locations, etc.) supporting ‘thrive’ rather than ‘survive’ 
competition, within event day flexible policies are also 
required (e.g., timings and locations of events) which do 
not disadvantage athlete preparations (some of which may 
have been planned out for several years) or performance—
an evidently challenging and multi-faceted space to get 
policy correct within. For example, only 6 women at the 
2023 World Athletics Championships in Budapest ran under 
the Olympic Marathon standard of 2:26:50 in the extreme 
heat seen [race start (7 a.m.): 23 °C, 75% humidity WBGT: 
22 °C, first finisher: 29 °C, 75% humidity, WBGT: 29 °C)], 
even though 34 women had personal best times better than 
the Olympic marathon standard. To reduce the impact of the 
heat, midnight races were organised at IAAF Doha 2019, but 
the conditions remained very difficult (max: 32.7 °C, 80.6% 
humidity, 30.6 °C WBGT [80]). Clearly, this space continues 
to evolve alongside the increased likelihood of competition 
in extreme heat [18, 24, 106]. The solutions rely on all stake-
holders’ collaborating to deliver evidence-informed policy 
[3, 11, 21, 49, 63], education [4, 33] and event-planning [81] 
related to competitions whilst athletes adopt gold-standard 
preparation [3, 35, 72, 76, 78, 81, 100, 103] and are helped 
to overcome barriers they may experience (e.g., access to 
facilities and expertise [4, 33]). Implementation of evidence-
based practice as policy can impact the risk of EHI/EHS [27, 
49]. Where policies have been introduced that mandate heat 
acclimation/acclimatisation (HA) alongside physical activity 
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in the heat guidelines (by government and/or athletic govern-
ing bodies) the risk of EHI can be reduced from 35 to 100% 
depending on environmental conditions [27, 49].

Evidence-based optimal preparation for competition in 
the heat focuses on long- and/or short-term preparation strat-
egies. Long-term preparation involves implementing a long-
term HA strategy consisting of 10–14 days of consecutive 
passive and/or active heat exposures (for which there are a 
plethora of guidelines available [3, 35, 72, 76, 78, 81, 100, 
103]). From this point forward, HA will be used when refer-
ring to heat acclimation/acclimatisation in general, whereas 
heat acclimation [use of an artificial hot environment (e.g., 
heat chamber, sauna, hot baths, overdressing)] or heat accli-
matisation [naturally hot environment (e.g., hot climate)] 
will be used when referring to a specific strategy. Short-
term heat mitigation strategies should be complementary to 
(not instead of) long term HA; long term-HA strategies are 
by far the most health protective and performance enhanc-
ing compared to short-term interventions [35]. Short-term 
approaches can include implementing a pre-planned and 
practiced nutritional/hydration strategy [12] and pre and/
or per-cooling techniques [2, 98, 100]. Therefore, it would 
appear prudent for those operating within the elite athlete 
space (e.g., researchers and practitioners) to be aware of 
how athletes are preparing to compete in hot environments 
and whether they are adopting evidence-based best practice 
when implementing any strategies aimed at alleviating the 
physiological and perceptual strain of competing in heat [4, 
33]. Understanding elite athlete knowledge of evidence-
based practice and determining any barriers/challenges that 
prevent the adoption of these practices are also necessary to 
remain athlete centred and coach-/practitioner-led [4, 33]. 
Such understanding can also inform governing body and 
federation driven educational initiatives and resources for 

their stakeholders. From this point forward, when referring 
to practitioners, this is inclusive of all members of an inter-
disciplinary team that support an athlete (e.g., sports sci-
ence/medicine staff, coaches, etc.).

Several comprehensive evidence-based guidelines (and 
consensus statements) outline the clear benefits of heat miti-
gation strategies to alleviate the impact of heat on athlete 
health and performance (i.e., peak performance can only 
occur when health is optimised), albeit the majority of which 
are practitioner and athletic performance-focused (including 
but not limited to [35, 72, 76–79, 81, 100, 103]). However, 
only in the last decade has research investigated whether 
these guidelines are understood and/or implemented by elite 
athletes and/or their practitioners [6, 33, 74, 80, 85]. There-
fore, it is the aim of this review to provide an overview of 
this research and outline the current state of elite athlete 
knowledge and adoption of evidence-based practice for com-
peting in heat. In addition, this review will provide recom-
mendations for best practice, future research, and what is 
required to improve the translation of research into practice 
among the elite athlete population.

This review will refer to several World Championship/
Paralympic events with regularity and thus, these events will 
be referred to with abbreviations. The table below (Table 1) 
provides an overview of the key studies reviewed and the 
abbreviations used throughout this article.

Adoption of Heat Acclimation/
Acclimatisation

HA is the optimal strategy to protect against the detrimental 
impact of heat on health and athletic performance [48, 78, 
81]. The aim of implementing a HA strategy is to induce 

Table 1  Overview of reviewed studies

IAAF International Amateur Athletics Federation, UCI Union Cycliste Internationale

Study Competition In text Abbreviation Sample numbers from research and 
competition

Total ath-
lete field 
(n)

Surveyed 
athletes 
(n)

Percentage of 
field surveyed 
(%)

Périard et al. [74] IAAF World Athletics Championships 2015, 
Beijing

IAAF Beijing 2015 1781 207 11.6

Racinais et al. [85] UCI Road Cycling World Championships 2016, 
Qatar

UCI Qatar 2016 766 69 9.0

Racinais et al. [68] IAAF World Athletics Championships 2019, 
Doha

IAAF Doha 2019 1772 83 4.7

Alkemade et al. [6] Paralympic games 2020, Tokyo Paralympics Tokyo 2020 4403 107 2.4
Galan-Lopez et al. [33] World Athletics Race Walking Teams Champi-

onships 2022, Muscat
RWTC Muscat 2022 285 66 23.2

Total 9001 532 5.9
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physiological adaptations (reduced resting and exercising 
heart rate, Tc and Tsk; increased sweat rate, decreased onset 
threshold for sweating, and increased blood and plasma 
volume [35, 73]) that attenuate heat strain during exercise. 
Therefore, determining the level of adoption of a dedicated 
HA strategy among elite athletes prior to competition in heat 
is paramount to identifying whether evidence-based practice 
is being implemented. Investigating any barriers/challenges 
that may inhibit elite athletes from adopting HA and provid-
ing recommendations for innovative and efficient strategies 
to elicit heat adaptations should also be prioritised.

Limited evidence of elite athlete use of HA prior to 
competition exists and, to date, has mainly focused on elite 
endurance athletes at World Championships [33, 74, 80, 85] 
with one study investigating HA adoption among paralympic 
athletes [6]. Table 2 provides an overview of the level of HA 
adoption at these championships where hot conditions were 
anticipated [temperatures across these competitions ranged 
from 19.5 to 32.7 °C (WBGT: 19.5 to 30.6 °C)]. In brief, 
the adoption of HA has increased since IAAF Beijing 2015 
where 15% of surveyed athletes adopted a dedicated HA 

strategy [74] to 63% at IAAF Doha 2019 [80] (UCI Qatar 
2016: 38% [85]; RWTC Muscat 2022: 57% [33]). Fifty-eight 
percent of paralympic athletes adopted a dedicated HA strat-
egy, prior to the Tokyo Paralympics 2020; of those, only 
45% had previously implemented a HA strategy at previ-
ous unspecified events [6]. This substantial increase in HA 
adoption from IAAF Beijing 2015 is likely due to increased 
education and awareness of evidence-based guidelines to 
protect athletes against the impairment of performance and 
risks posed to their health when competing in the heat.

Prior to IAAF Doha 2019, the IAAF [now World Athlet-
ics (WA)] released the ‘beat the heat’ pamphlet to all ath-
letes, federations, and team doctors with similar initiatives 
implemented by the UCI, World Triathlon and the Interna-
tional Olympic Committee [(IOC) see Table 3 for full list]. 
Although, numbers of athletes/practitioners who read and/
or specifically implemented the guidelines prior to these 
championships is unknown. Additionally, the majority of (if 
not all) educational material is published in English which, 
speculatively without specific data, may limit their impact 
within non-native English-speaking athletes, federations 

Table 2  Adoption of HA by elite athletes

NB precise duration of HA strategies is not well reported within the current studies
HA heat acclimation/acclimatisation, DNF did not finish, N/A not available, IAAF International Amateur Athletics Federation, UCI Union 
Cycliste Internationale, RWTC  World Athletics Race Walking Teams Championships

Study Competition Adoption 
of HA (%)

Duration of 
HA (days)

HA strategy Ranking Medical events

Acclimation 
(%)

Acclimatisa-
tion (%)

Acclimation 
and acclimati-
sation (%)

Périard et al. 
[74]

(n = 307)

IAAF Beijing 
2015

15 7–30 2 98 0 N/A N/A

Racinais et al. 
[85]

(n = 69)

UCI Qatar 
2016

38  ≥5 N/A N/A N/A N/A N/A

Racinais et al. 
[80]

(n = 83)

IAAF Doha 
2019

63 5–30 41 59 0 Mean rank HA: 
18

Mean rank non-
HA: 28

DNF HA: 19%
DNF non-HA: 

30%

HA: 19%
Non-HA: 32%

Galan-Lopez 
et al. [33]

(n = 66)

RWTC Muscat 
2022

57 >10: 57%
6–10: 30%
≤5: 13%

32 60 8 Medallist
HA: 4 athletes
Non-HA: 0 

athletes
Top 10
HA: 12
Non-HA: 3

N/A

Alkemade et al. 
[6]

(n = 107)

Paralympics 
Tokyo 2020

58 6–22 N/A N/A N/A N/A N/A
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and/or those who have visual and intellectual disabilities. 
Significant media attention was paid to the extreme heat 
expected, alongside a plethora of research articles related 
to improving athletic performance in hot conditions in the 
build-up to IAAF Doha 2019 and the Tokyo 2020 Olympic 
and Paralympic Games (including but not limited to [13, 
40, 46, 68]). Indeed, the British Journal of Sports Medicine 
published an open access series of editorials specifically 
focusing on the preparation of athletes for the Tokyo 2020 
Olympic and Paralympic Games (see Table 3 for full list).

The translation of evidence from a scientific journal to 
athlete practice is somewhat limited [31] and may be an 
example of why adoption of HA is not universal. Indeed, 
passive dissemination strategies (i.e., provision of informa-
tion in booklets) is often ineffective (especially if not in the 
readers native language and/or for those with visual and 
intellectual impairments), active participation during the 
provision of guidelines increases their implementation [90]. 
Alongside more accessible and palatable content a ‘hands-
on’ active approach to educating elite sport practitioners and 
athletes needs to be made available to improve translation 
of research to practice [31, 90]. Combined, the increased 
attention and awareness of the impacts of competing in heat 
likely drove the increase in HA adoption from IAAF Bei-
jing 2015 to IAAF Doha 2019. However, there was a small 
reduction (~6%) in HA adoption at the RWTC Muscat 2022 
from IAAF Doha 2019 (3–4 years after the release of ‘beat 

the heat’). WA did not re-release the ‘beat the heat’ material 
from Doha 2019 prior to RWTC Muscat 2022, where 83% 
of athletes surveyed at RWTC Muscat 2022 were not aware 
of or had not read ‘beat the heat’ [33]. This, alongside less 
media attention and less extreme heat being anticipated, may 
have impacted the adoption of HA prior to RWTC Mus-
cat 2022. Importantly, historical weather data suggested 
temperatures at these championships would be from 22.5 
to 25.5 °C however, they reached up to 31.3 °C during the 
competition [33]. With the afore described increase in global 
temperatures and heatwaves, historical average weather data 
may be too low and athletes should be preparing for the 
record maximum temperatures in each location (even these 
are being regularly broken).

While it is encouraging to observe the increased adoption 
of HA in recent years, many athletes are still not adopting 
HA into practice. A self-reported survey of 55 elite athletes 
and 99 practitioners working with elite athletes identified a 
variety of significant barriers to adopting HA [4]. The cost 
(i.e., money required to live/train in a hot environment, or 
cost to access artificially hot environments) and access to 
facilities/equipment/expertise were the most commonly 
reported barriers to adopting HA [4], which were in agree-
ment with HA adoption barriers reported at RWTC Muscat 
2022 [33]. While funding may be seen as the most beneficial 
option to increase the adoption of HA, greater education 
(discussed in more detail below) of other possible low-cost 

Table 3  Overview of resources to prepare for competition in the heat

BJSM British Journal of Sports Medicine, UCI Union Cycliste Internationale, IOC International Olympic Committee

Resource Author(s) Published by URL

Editorials
 Translating evidence-based practice to clinical practice in 

Tokyo 2020: how to diagnose and manage exertional heat 
stroke

Hosokawa et al. [40] BJSM https:// tinyu rl. com/ 295cm dck

 How to integrate recovery during heat acclimation Ihsan et al. [43] BJSM https:// tinyu rl. com/ fpr5t t5n
 Do sex differences in thermoregulation pose a concern for 

female athletes preparing for the Tokyo Olympics?
Notley et al. [68] BJSM https:// tinyu rl. com/ 33mh2 jyv

 Hydration for the Tokyo Olympics: to thirst or not to thirst? Périard et al. [72] BJSM https:// tinyu rl. com/ 33mh2 jyv
 Why should I test my athletes in the heat several months before 

Tokyo 2020?
Racinais and Ihsan [82] BJSM https:// tinyu rl. com/ 2s3s7 826

 Benefits of heat re-acclimation in the lead-up to the Tokyo 
Olympics

Racinais and Périard [86] BJSM https:// tinyu rl. com/ 325xc x3w

 Ozone pollution: a ‘hidden’ environmental layer for athletes 
preparing for the Tokyo 2020 Olympics & Paralympics

Sandford et al. [87] BJSM https:// tinyu rl. com/ umdr7 xjj

 Cooling at Tokyo 2020: the why and how for endurance and 
team sport athletes

Taylor et al. [100] BJSM https:// tinyu rl. com/ 2wcz5 2df

Federation ‘Beat the heat’ materials
 Beat the heat in World Athletics Road Races World Athletics https:// tinyu rl. com/ ytu7z nsv
 Beat the heat UCI/Aspetar https:// tinyu rl. com/ yt69v nts
 Beat the heat World Triathlon https:// tinyu rl. com/ y4e3m n79
 Beat the heat IOC https:// tinyu rl. com/ yc72b 2b5

https://tinyurl.com/295cmdck
https://tinyurl.com/fpr5tt5n
https://tinyurl.com/33mh2jyv
https://tinyurl.com/33mh2jyv
https://tinyurl.com/2s3s7826
https://tinyurl.com/325xcx3w
https://tinyurl.com/umdr7xjj
https://tinyurl.com/2wcz52df
https://tinyurl.com/ytu7znsv
https://tinyurl.com/yt69vnts
https://tinyurl.com/y4e3mn79
https://tinyurl.com/yc72b2b5


223Journal of Science in Sport and Exercise (2024) 6:218–237 

and innovative strategies to achieve HA adaptations would 
likely increase the ability of athletes to achieve HA. For 
example, additional clothing [54, 94], and post-exercise/
training sauna and hot water immersion [22, 37, 60], or 
simply having a treadmill/bike inside a camping tent/green-
house with heaters (see Fig. 1—photos provided by author 
T. Stellingwerff), have proven effective in eliciting HA adap-
tations. Elite athletes may also struggle to implement a HA 
protocol within their training cycles [88]. In the build-up 
to major competitions athletes will generally complete a 
4–6 week period of high volume/intensity training followed 
by a 1–2 week taper [88]. Adopting HA at the start of this 
intense block may lead to HA decay by the time of competi-
tion [28] and/or the quality of prescribed work being com-
promised [88]. HA during a taper or including heat expo-
sures during the taper in a bid to re-induce adaptations that 
may have decayed [28] could (without careful consideration 
and prescription) disrupt the goals of the taper (i.e., reduced 
overall training load/stress) thus, adopting an evidence based 
≥14 day HA protocol is challenging for the elite athlete and 
may be another barrier to its universal adoption [88]. The 
identified barriers to HA adoption [4, 33, 88] alongside the 
impact of the ‘beat the heat’ like material, highlights the 
importance of regular dissemination of the latest guidelines 
to athletes, national governing bodies, and practitioners to 
achieve universal adoption of HA prior to competing in heat.

To date, there are minimal data on the specific HA strate-
gies athletes use (e.g., acclimation vs. acclimatisation) and 
the specific HA protocols implemented (e.g., environmen-
tal temperatures, self-regulated vs. fixed intensity exercise). 
Heat acclimatisation (natural hot environment) appears to 
be most popular with elite endurance athletes, 59% (41% 
heat acclimation, IAAF Doha 2019 [80]) and 60% (32% heat 
acclimation, 8% combined HA, RWTC Muscat 2022 [33]). 
Heat acclimatisation was also most prevalent amongst para-
lympic athletes prior to the Paralympics Tokyo 2020 (51% 
vs. 16% acclimation [6]). Such data likely reflects a finding 

from Galan-Lopez et al. [33] where athletes who adopted 
a dedicated HA strategy were more likely to live/train in a 
hot climate, whereas those who live/train in cold/temperate 
climates have identified greater barriers to the adoption of 
HA compared to their counterparts from hot climates ([4, 
33] specific data are provided and discussed in detail below). 
Greater specificity should be reported within the literature, 
as most studies do not report the breakdown of duration 
(i.e., number of days), exercise protocol (e.g., fixed vs. self-
regulated work rate), or environmental characteristics (i.e., 
temperature, humidity) used. Only Galan-Lopez et al. [33] 
determined the specifics of HA protocols, with 62% of the 
athletes who adopted HA using self-regulated exercise inten-
sities compared to 23% who used a fixed intensity. Ninety 
three percent of athletes who adopted heat acclimation used 
a fixed environmental temperature (mean ambient tempera-
ture: 31.5 °C) compared to an incremental temperature rise 
across the protocol (7% [33]). An observational study by 
Carr et al. [19] followed 6 Olympic racewalkers through 
their preparation for the Tokyo 2020 Olympic Games. These 
athletes completed an intermittent incremental heat accli-
mation protocol (1–2 treadmill sessions per week) over 
3 months. This was followed by 18 days of heat acclima-
tisation during a team camp one month prior to the Tokyo 
2020 Olympic Games [mean temperature range of training 
sessions: 23 °C, 71.4% relative humidity (RH) to 24.3 °C, 
67.4% RH, mean maximal temperature: 27.3 °C, 89.4% RH 
(i.e., similar weather conditions to Tokyo), training intensity 
and duration varied across these sessions [19]]. Similarly, 
real-world HA practices in elite race-walking athletes have 
been described and include the use of combined outdoor 
and indoor HA training [97], and combined outdoor HA 
training and passive hot-water immersion [96]. While data 
of this nature are insightful, it is challenging to obtain this 
level of detail from elite athletes via a survey. In addition, 
Tc and/or other physiological data (e.g., heart rate, sweat 
rate) were not collected [19], and have not been collected 

Fig. 1  Innovative low-cost 
strategy to induce HA adapta-
tions (photos submitted by 
author T.Stellingwerff). Cycle 
ergometer and treadmill inside 
camping tents in a home garage 
with heaters (NB: athletes 
implementing these HA strate-
gies should be supervised by 
qualified personnel at all times 
with tent temperature, thermal 
sensation and heart rate continu-
ally monitored. Ideally, body 
temperature measurement tools 
should also be used to avoid 
adverse health outcomes)
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elsewhere prior to world championship events [6, 33, 74, 
80, 85] to objectively assess the physiological adaptations of 
the adopted HA strategies. Although, in-competition Tc/Tsk, 
performance and illness EHI/EHS presentation offer insight 
into the success of adopted self-reported HA strategies (e.g., 
Table 2 citations).

Current evidence of the adoption of HA mainly exists 
amongst elite endurance athletes prior to World Cham-
pionships, Olympic and Paralympic competitions. How-
ever, these are not the only sporting events held in hot 
environments or the only elite athletes who benefit from 
adopting HA. Considerable research efforts are required 
to gauge the adoption of HA across the sports landscape 
and determine whether athletes are preparing(ed) to com-
pete in the heat. Including and not limited to youth and 
master’s athletes whose thermoregulatory systems may 
be compromised compared to the elite adult athletes [65, 
104]. International federations [e.g., World Athletics, 
International Olympic Committee (IOC), International 
Paralympic Committee (IPC)] and national governing 
bodies remain central advocates and educators to ensure 
that HA is universally adopted amongst elite athletes. 
Specific research into Paralympic athletes is also essen-
tial, given those with spinal cord injuries are at greater 
risk of EHS [34], and yet there is only one study to date 

investigating the adoption of heat preparation strategies 
prior to competition in this population [6].

Adoption of Heat Acclimation/Acclimatisation 
and the Impact on Performance and Medical Events

It is unlikely that an elite athlete will adopt any training 
method into their practice without understanding if it will 
improve their ability to perform in competition. At IAAF 
Doha 2019, athletes who had adopted HA finished better 
than those who did not (mean finishing position: 18th HA 
vs. 28th non-HA, P = 0.009) although, the relative perfor-
mance in terms of percentage difference from an athlete’s 
own personal best (PB) time was not different (112.6% of PB 
time for HA vs. 113.3% non-HA [80]). Of those who under-
took HA, only 19% did not finish (DNF) vs. 30% who did 
not HA, although this was not statistically significant [80]. 
In addition, the adoption of HA influenced physiological 
responses, with those undertaking HA having a lower race 
start Tc (− 0.2 °C, not statistically significant but potentially 
physiologically meaningful [105]) and lower in-race peak 
Tc (− 0.4 °C, statistically significant [80]). The potential 
to lower peak Tc by 0.4 °C over a race in hot conditions 
may mean the difference between competing for the win or 
experiencing EHI/EHS, especially given the regularity with 

Table 4  Occurrence of Tc ≥ 40 °C in competition within elite and recreational athletes

Environmental temperature is ambient temperature unless detailed otherwise. Participants within a study are male unless otherwise stated. Study 
participants have been classified as per the framework outlined in [61]
M male, F female, N/A not available, WBGT Wet-Bulb Globe Temperature, AFL Australian Football League, Tc core temperature

Study Number of participants (n) Sport (athlete level classification) Environment Mean peak Tc Peak Tc

Aughey et al. [8] 35 AFL (Tier 4) Cool 17 °C
Hot 27 °C

39.4 °C  ~40.0 °C
40.5 °C

Bongers et al. [15] 375 (M: 195, F: 180) Endurance Running (Tier 2) 8–12 °C 39.2 °C  ~ 40.0 °C
Byrne et al. [17] 18 Endurance Running (Tier 2) 26.5 °C (WBGT) 39.6 °C 41.7 °C
Christensen and Ruhling [26] 1 F Endurance Running (Tier 2) 7.8–27.9 °C 39.0 °C 40.0 °C
Duffield et al. [29] 10 AFL (Tier 4) 29.5 °C 39.3 °C ~40.0 °C
Laursen et al. [52] 10 Ironman (Tier 2) 19–26 °C 38.1 °C 40.5 °C
Lee et al. [53] 31 Endurance Running (Tier 2) 26.4 °C 39.8 °C 40.7 °C
Maron et al. [56] 2 Endurance Running (Tier 2) 17.9–21.7 °C 40.2 °C 41.9 °C
Ozgunen et al. [70] 11 Soccer (Tier 3) 36 °C 39.6 °C 40.2 °C
Pugh et al. [77] 47 Endurance Running (Tier 2) 22–23.5 °C 39.0 °C 41.1 °C
Periard et al. [75] 22 Multistage Cycling Race (Tier 

4/5)
21–29 °C (WBGT) 38.9–39.4 °C 40.2 °C

Racinais et al. [84] 40 (M: 19, F: 21) Cycling (Tier 4/5) 27 °C (WBGT) 39.8 °C 41.5 °C
Racinais et al. [80] 83 (M: 47, F: 36) Endurance Running/racewalking 

(Tier 4/5)
23.5–30.6 °C 39.6 °C 41.1 °C

Singh et al. [92] 12 (M: 5, F: 7) Endurance Running (Tier 2) 11.5–22.8 °C 39.3 °C 40.2 °C
Stephenson et al. [93] 15 (M: 11, F: 4) Para-triathletes (Tier 4/5) 33 °C N/A  ≥ 40.5 °C
Stevens et al. [97] 14 (M: 5, F: 9) Racewalking (Tier 4/5) 19–29 °C N/A 41.2 °C
Veltmeijer et al. [107] 227 (M: 111, F: 116) Endurance Running (Tier 2) 11 °C (WBGT) 39.2 °C 40.4 °C
Wyndham and Strydom [114] 31 Endurance Running (Tier 2) 14.8–16.9 °C N/A 40.9 °C
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which athletes (elite and recreational) reach and exceed a Tc 
of 40 °C, even in cool environments (see Table 4). Prior to 
RWTC Muscat 2022 the four surveyed athletes that achieved 
a medal had all adopted a dedicated HA strategy prior to the 
championships, and of the 15 surveyed athletes who finished 
within the top 10 in their race, 80% had adopted a specific 
HA strategy for the event [33].

Of the Australian racewalking athletes from Carr et al. 
[19], two improved their PB, two finished in the top 10 
and the maximum performance decrement of the six ath-
letes was 8.9% of their PB, which is within the expected 
range of performance decrement when performing in the 
heat (6%–16% or 0.3% to 0.4% for every 1 °C WBGT out-
side of 7.5–15 °C [22, 55]). This suggests the adopted HA 
strategies successfully induced physiological adaptations, 
although, confirmatory objective physiological (e.g., heart/
sweat rate and plasma volume changes) data are not avail-
able. There are a multitude of studies that have observed a 
positive impact of HA on exercise performance in the labo-
ratory (summarised in this meta-analysis [105]) and current 
evidence of in-competition performance, albeit limited by 
the small number of studies, suggests that this translates to 
elite level competition [19, 33, 80].

Performance is likely the key desired outcome for ath-
letes, but for race organisers and international federations 
the health/safety of the athletes is of primary importance. 
Experiencing symptoms and clinical diagnosis of EHI is 
prevalent among elite athletes (outlined in Table 5 [6, 33, 
74, 80, 85]) perhaps reflective, in part, of the lack of HA 
adoption observed. Studies have reported the number of pre-
vious incidents of EHI/EHS among their sample but have not 
associated this with previous adoption of HA [1.6% of sur-
veyed athletes at Beijing 2015 [74], three cases of EHI (spe-
cifically, heat exhaustion) were recorded at UCI Qatar 2016 
[85] and 21% of Paralympic athletes surveyed experienced 

symptoms of EHI [6]]. At IAAF Doha 2019, 32% of sur-
veyed athletes who did not adopt HA experienced a heat 
related medical event compared to only 19% of those who 
did HA prior to the event although, not statistically signifi-
cant (P ≥ 0.179 [80]). Female athletes experienced a higher 
prevalence of an in-race medical event compared to males 
(32% vs. 17%, respectively, P < 0.001) during the marathon, 
however, the environmental conditions during the respective 
marathons were considerably different (female race WBGT: 
29.6 °C, male race WBGT: 23.5 °C) and likely explains this 
finding [80]. No differences between males and females were 
observed during the racewalk races (male and female races 
were run simultaneously, P = 0.597 [80]). Lower incidence 
of medical events in those that adopted HA is again indica-
tive that the adopted HA strategies successfully induced 
physiological adaptations that reduced, but did not eradi-
cate, medical events during competition in heat. It must also 
be noted that during real-world competition there are many 
factors that may have impacted the outcomes in these ath-
letes (e.g., appropriate pacing strategy, cooling/hydration 
plan, non-heat related illness, etc.). More detailed data are 
required to determine with certainty if physiological adap-
tations have been induced and resulted in improved health 
and performance. Figure 2 provides an overview of current 
practice by elite athletes and the impacts on performance 
and medical events.

Effect of Climate and Biological Sex‑Based 
Differences on the Adoption of Heat Acclimation/
Acclimatisation

The climate an athlete lives and trains in may impact the 
adoption of HA to prepare for hot competitions however, 
data are scarce. Studies have assessed home continent and 
HA adoption; however, this is not indicative of any specific 
climate/conditions an athlete trained in [6, 74]. Alkemade 
et al. [6] observed that Paralympic athletes from Oceania 
were more likely to have adopted HA at prior events, but no 
differences were observed prior to the Paralympics Tokyo 
2020. However, Galan-Lopez et  al. [33] observed that, 
paradoxically, only 44% of athletes from a cold/temperate 
environment (self-reported) adopted an intentional HA strat-
egy, compared to 82% from a hot climate. Importantly, this 
finding is linked to the barriers to HA identified by athletes 
and practitioners. The most common barrier to HA adoption 
among those residing in cold/temperate climates is accessi-
bility of hot environments (52% vs. 37% from a hot climate 
[4] and 49% vs. 27% from hot [33] of surveyed athletes) and 
cost of implementing HA (up to 45% vs. 35% from hot [4, 
33]). It should be noted that specific costs of implementing 
HA have not been identified, so it is not fully clear whether 
these high costs are real or perceived. These findings suggest 

Table 5  History of EHI in elite athletes

Values are presented as percentage of total sample per study
EHI exertional heat illness

Study Symptoms of EHI 
(%)

Clinical diag-
nosis of EHI 
(%)

Périard et al. [74]
(n = 307)

48 9

Racinais et al. [85]
(n = 69)

57 17

Racinais et al. [80]
(n = 83)

61 17

Galan-Lopez et al. [33]
(n = 66)

90 23

Alkemade et al. [6]
(n = 107)

57 9
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 Adoption of HA in Elite Athletes: An overview of the literature that has assessed the adoption of HA in elite athletes, what influences the adoption of HA and the barriers to adopting HA that 
athletes experience. The content within this figure is derived from data within the following publications: Périard et al. (2016), Racinais et al. (2020),  Racinais et al. (2022), Galan-Lopez et al. (2023), 
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30%-70% 46%-82%

8%-54%30%-37%

15%-63%

vs.

59%-60% 32%-41%

0.2-0.4°C

Fig. 2  Adoption of HA in Elite Athletes: An overview of the litera-
ture that has assessed the adoption of HA in elite athletes, what influ-
ences the adoption of HA and the barriers to adopting HA that ath-
letes experience. The content within this figure is derived from data 

within the following publications: Périard et al. [74], Racinais et al. 
[85], Racinais et al. [80], Galan-Lopez et al. [33], Alkemade et al. [6]. 
HA heat acclimation/acclimatisation, DNF did not finish, Tc core tem-
perature
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that those residing in cold/temperate climates need greater 
support in adopting HA strategies. Where funding is not 
available, education is essential to increasing the adoption 
of HA (i.e., awareness of low cost and effective alternative 
HA strategies [22, 37, 54, 60, 94]).

The impact of biological sex differences on the adoption 
of HA has received more attention than climate within this 
context. Females [20%, males: 11.6% (P = 0.045)] were more 
likely to have trained in the heat at IAAF Beijing 2015 [74], 
and at UCI Qatar 2016 [85], there was a significant effect 
of biological sex on the adoption of HA. Specifically, more 
males (30%) than females (8%) did not implement any form 
of heat training [P < 0.05, UCI Qatar 2016 [85]]. In contrast, 
HA adoption was higher among males (63%, female: 46%) 
at RWTC Muscat 2022, although not statistically significant 
[33]. Alkemade et al. [6] observed that male Paralympic ath-
letes were more likely to have adopted a HA strategy prior 
to past events but prior to the Paralympics Tokyo 2020 no 
differences between sexes were identified. Adoption of HA 
was not significantly different between sexes [56% and 68% 
(male vs. female not specified)] at IAAF Doha 2019 [80].

Findings are somewhat inconclusive in determining a spe-
cific impact of biological sex on the self-selected adoption of 
HA prior to major championships, due to limited available 
data/sample size. Significantly more research is required to 
determine any impact of sex on the adoption of HA prior 
to competition. Additionally, debate exists surrounding the 
timescale of male vs. female adaptation to the heat [47, 110]. 
Some evidence suggests that short (i.e., 5 day) HA proto-
cols are likely insufficient for females to obtain physiologi-
cal adaptations that are beneficial for health/performance 
[39, 50, 62, 109, 116] however, the limited data in females 
make specific conclusions difficult [47]. Thus, the contin-
ued comparison of elite male and female athlete real-world 
heat-based practices are warranted. Similarly, more data are 
required across the sport landscape to determine with greater 
certainty if and/or how living/training in a cold/temperate 
environment impacts an athlete’s ability to adopt HA. From 
the current data, international federations and governing 
bodies should make a concerted effort to support those from 
a cold/temperate environment to be able to adopt HA into 
their practice, whether this is through education or funding.

Knowledge of Heat Related Best Practice

Knowledge of athletes and practitioners can be assessed in 
multiple ways. Including but not limited to self-reported 
survey questions and/or interviews that directly evaluate 
knowledge, and observe current practice (i.e., training/com-
petition preparation) to determine whether evidence-based 
guidelines are followed. For example, to achieve full HA 
adaptations ≥14 consecutive days of heat exposure for at 
least 60 min where Tc ≥ 38.5 °C, combined with high skin 

temperature and profuse sweating, are required [35, 73, 78]. 
Shorter HA protocols (minimum 5 days of heat exposure) 
can elicit some physiological adaptations and performance 
benefits [35, 44, 112]. Athletes that implement a dedicated 
HA strategy for ≥5 days are indicative of some/appropriate 
knowledge of HA best practice (and of course have the time, 
environment and/or facilities to do this).

Currently, there is limited comparability between research 
studies given the surveys that have been implemented to 
assess athlete knowledge lack standardisation, thus, the key 
findings are conveyed descriptively here. Alabdulwahed 
et al. [4] determined elite athletes and practitioners’ knowl-
edge and use of heat adaptation practices via an online self-
reported survey. Athletes had less heat related best practice 
knowledge than practitioners, and although both popula-
tions exhibited greater knowledge of appropriate nutritional 
strategies for training/competing in the heat, greater educa-
tion is still required [4]. Perceived performance decrement 
in hot conditions was ~30% (median) among both athletes 
and practitioners, considerably higher than the reported 6% 
to 16% and 0.3% to 0.4% per degree of WBGT from the 
optimal 7.5 °C to 15 °C in the literature [22, 55]; with a 
range of ~ 5% to 50% in perceived performance decrement 
highlighting a highly varied level of knowledge. The median 
number of days athletes/practitioners believed were needed 
to achieve full HA was ~ 15 days, which suggests appropriate 
knowledge of HA adaptations; however, the large range of 
responses (from 3 to 30 days) does not support this [4, 33]. 
When rating the effectiveness of HA to offset heat induced 
performance decrements, athletes most commonly (38%) 
selected that HA was ‘moderately effective’ compared to 
49% of practitioners who perceived it as ‘extremely/most 
effective’ [4]. Interestingly, both athletes and practitioners 
perceived cooling strategies, pre (58% and 60%, respec-
tively) and mid-cooling (66% and 74%, respectively), to 
have good efficacy in reducing heat induced performance 
decrements. This is reflected in current practice where 
50%–80% of athletes have pre-planned cooling strategies 
across competitions (discussed in depth below [74, 83, 85]). 
Athletes and practitioners had limited knowledge of safe Tc 
during exercise with biologically implausible Tc’s (range of 
25 °C to 45 °C) being reported as a ‘safe’ Tc to attain during 
exercise [4]. Measuring Tc during training/competition was 
considered to be important (53% to 74% of surveyed athletes 
reported it as important) yet, 75% to 91% of those surveyed 
reported not having measured Tc previously [4], similarly 
77% of those at the RWTC Muscat 2022 had never measured 
Tc [33]. These data highlight that knowledge of evidence-
based practice does not always translate to the adoption of 
best practice [4]. Finally, only 35% of athletes at RWTC 
Muscat 2022 were aware of what WBGT is [33], suggesting 
athletes may be unaware of the magnitude by which ambient 
conditions may impact their health and performance.
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Not all research assessing elite athlete preparation for 
competition in heat has directly assessed athlete or practi-
tioner knowledge. However, the low adoption of HA in these 
studies may infer that a significant proportion of athletes 
may not be aware of the importance/benefits of adopting 
HA and/or how to induce beneficial HA adaptations prior 
to competition in the heat, or face significant barriers that 
prevent its adoption [6, 33, 74, 80, 85]. Given the events 
studied are World Championship and Paralympic events and 
are generally considered the pinnacle of an athlete’s career, it 
would be expected that athletes would prioritise preparation 
for these events to achieve the highest place finish possible. 
Furthermore, national federations likely provide greater 
financial support to athletes competing at these events and 
it can be assumed that these competitions represent maximal 
adoption of HA in comparison to events of lesser stand-
ing. Those who did adopt a dedicated HA strategy prior 
to events did so for between 5 and 30 days, indicative of 
athletes implementing short to long-term HA [6, 33, 74, 80, 
85]. At RWTC Muscat 2022, 57% undertook self-reported 
HA for > 10 days, suggesting an attempt to elicit fuller HA 
adaptations [33]; however, this is speculative.

Effect of Climate and Biological Sex‑Based 
Differences on Knowledge of Heat Related Best 
Practice

The climate that an athlete lives/trains in has limited impact 
on knowledge of heat related practice. Alabdulwahed et al. 
[4] observed minimal differences in knowledge between ath-
letes residing in hot compared with cold/temperate climates. 
Seventy eight percent of surveyed athletes/practitioners from 
a cold/temperate climate (hot: 57%) identified pre-cooling 
as the most effective strategy for reducing performance 
decrements induced by hot conditions, suggesting limited 
knowledge among athletes/practitioners from both climates. 
Biological sex differences in knowledge were not assessed 
within this study [4]. Galan-Lopez et al. [33] saw no impact 
of climate on knowledge but there were differences between 
sexes. A comparison between men and women showed that 
83% of females vs. 55% of males did not know what WBGT 
was, 42% of females vs. 14% of males were more likely to 
report not knowing the maximum environmental conditions 
expected at the RWTC Muscat 2022, and only 8% females 
vs. 31% males reported having measured Tc in training/com-
petition previously.

Based on current evidence, knowledge of heat related 
practice appears to be limited among elite athletes. Inter-
national federations and national governing bodies must 
remain central advocates for the implementation of con-
certed efforts to improve knowledge among their athletes, 
practitioners and stakeholders. More informed/educated 
athletes are likely to adopt evidence-based practice that will 

benefit themselves (i.e., improved performance in the heat) 
and race organisers (i.e., fewer medical events). It is unclear 
whether the educational material provided by the IAAF prior 
to IAAF Doha 2019 drove the increase in the adoption of 
HA (amid substantial media and scientific attention given 
to the conditions); however, regular release of such material 
with updated recommendations (and in multiple languages) 
should be encouraged. In the short-term, based on the lim-
ited available data, female athletes may require increased 
educational focus given they have exhibited less knowledge 
in this area than male athletes.

Adoption of Hydration and Cooling 
Strategies

Hydration [5, 32, 72] and cooling strategies alone [14, 16] 
are effective in alleviating heat strain and improving ath-
letic performance in hot conditions, but evidence suggests 
they should be complementary to the adoption of HA [100]. 
Hydration investigations during competition have focused on 
pre-planned fluid intake (namely water) and supplementa-
tion with carbohydrates and electrolytes. The prevalence of 
a pre-planned fluid intake strategy is generally high among 
elite athletes (≥80%), as is electrolyte and carbohydrate sup-
plementation [74, 83, 85]. Adoption of a pre-planned fluid 
intake is considerably higher than that of HA and likely a 
reflection of athlete and practitioner knowledge, and reduced 
barriers to adoption of short-term heat mitigation strategies 
compared with HA. Alabdulwahed et al. [4] found that ath-
letes and practitioners had superior knowledge of nutrition 
and hydration strategies compared to HA, and their self-
reported practice was aligned with consensus recommenda-
tions for training and competing in the heat [78]. The use 
of a pre-planned fluid intake strategy and the volume of 
fluid varies depending on the event, due to a combination of 
competition rules (i.e., fluids not permitted), event duration, 
event temperatures, and ease of fluid intake during events 
(i.e., pace/speed of athlete during a race and frequency of aid 
stations [59]). Up to ~38% of track athletes (13.6% sprints, 
37.8 middle distance, 23.4% long distance runners and 0% 
decathlon/heptathlon) at IAAF Beijing 2015 did not plan to 
consume any fluids during their competition [inclusive of 
warm-up/cool down [74]]. Time trialists (~45 min event) 
during UCI Qatar 2016 (65%–70%) planned to drink less 
than 0.5 L compared to the road race [~3 (female) to 6 (male) 
hour race) athletes who planned to drink over 2 L [90% 
[85]]. The event an athlete competed in impacted planned 
fluid composition with up to 54% of time trialists and ~70% 
of road race athletes at UCI Qatar 2016 planning to supple-
ment their fluid with carbohydrates or electrolytes [85]. The 
attention given to heat prior to IAAF Doha 2019 and release 
of ‘beat the heat’ educational material likely reflects the high 
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prevalence (93%) of athletes having a pre-planned hydra-
tion strategy with high use of electrolyte (83%) and car-
bohydrate (81%) supplementation [83]. Competition event 
(likely due to duration and race day weather conditions) still 
impacted fluid consumption, 82% of 50 km racewalk ath-
letes reported planned consumption of over 2 L compared 
to 41% of 20 km racewalkers and marathon runners [83]. 
Only 30% of Paralympic athletes planned to consume fluids 
with electrolytes and 16% with carbohydrates. The rate of 
electrolyte/carbohydrate supplementation is likely due to the 
sample covering all Paralympic athletes and not only endur-
ance-based events [6]. Hypohydration (reduced body water), 
equivalent to a body mass loss of 2%–3%, decreases plasma 
volume and increases cardiovascular strain when exercising 
in the heat, which may be detrimental to performance [45, 
66]. Elite athletes have been observed to experience severe 
hypohydration in competition and can still produce world 
class performances [10]. While this apparent tolerance is 
not well understood, it does seem that some ‘habituation’ to 
hypohydration may be possible [30] and elite athletes (due 
to their high absolute work rates and prolonged training) 
would likely regularly experience hypohydration in training 
and competition. Nonetheless, hypohydration is reported to 
exacerbate heat [89] and cardiovascular [1] strain and impair 
performance, even when athletes are blinded to their hydra-
tion status [32]. Fluid ingestion is also an effective measure 
to attenuate Tc rise during endurance performance [5]. The 
adoption of pre-planned hydration strategies and generally 
appropriate consumption levels by elite athletes suggests that 
they implement evidence-based guidelines when competing 
in the heat.

Cooling strategies have been widely adopted by elite ath-
letes with an increase being observed in more recent com-
petitions. From 52% of surveyed athletes at IAAF Beijing 
2015 [74] to as much as 96% of time trialists at UCI Qatar 
2016 (road race athletes: 74% [85], 80% IAAF Doha 2019 
[83], 77% Paralympics Tokyo 2020 [6]). Cooling methods 
have varied greatly across studies with a high prevalence 
of ice vest use [83]. Mid-cooling (i.e., cooling during an 
event) has not been widely investigated, only at IAAF Doha 
2019 and the Paralympics Tokyo 2020. Ninety-three percent 
(IAAF Doha 2019) and 88% (Paralympics Tokyo 2020) of 
surveyed athletes intended to implement a mid-cooling strat-
egy [6, 83]. Ninety-nine percent of those who had a planned 
pre-cooling strategy at IAAF Doha 2019 also had a planned 
mid-cooling strategy, and the predominant strategies were 
cold water dousing (65%) and cold water ingestion (52% 
[83]). This increased use of cooling strategies is representa-
tive of athletes perceived effectiveness of the strategy, hav-
ing most commonly ranked pre- and mid-cooling as the most 
effective strategies to reduce the detrimental impact of heat 
stress on performance [4]. The prevalence of pre-planned 

cooling strategies among elite athletes is representative of 
the ease with which they can be applied in practice and sug-
gests knowledge of evidence-based guidelines.

Hydration and cooling strategies are highly prevalent in 
elite athletes competing in the heat and there has been an 
increased prevalence since IAAF Beijing 2015 (see Fig. 3 for 
what is currently implemented by athletes in practice). The 
level with which hydration and cooling strategies have been 
adopted by athletes is significantly higher than HA, likely 
due to superior knowledge of, and logistical ease of employ-
ing these strategies compared to implementing and under-
taking a HA regimen across several days/weeks. It would 
be of interest to determine the specifics of cooling strate-
gies adopted by athletes, to date, only details of whether a 
cooling strategy will be used and which strategy (e.g., ice-
vest, cold water ingestion) an athlete might adopt have been 
evaluated. Understanding differences in sport specific use of 
cooling strategies [2] and the duration, timing and aggres-
siveness of cooling interventions would help to determine 
whether evidence-based recommendations are being adopted 
[e.g., not inducing shivering, cool Tc and warm periphery 
(muscle temperature) as outlined by Taylor et al. [100]].

Effect of Climate and Biological Sex‑Based 
Differences on Hydration and Cooling Strategy 
Adoption

The impact of the climate an athlete lives/trains has not 
been investigated for hydration and cooling strategies to 
date. However, Racinais et al. [83] noted that of the eight 
African based runners who completed their questionnaire 
two declared they planned no fluid intake [also observed 
in African runners previously [10]) and, perhaps conse-
quently, these two athletes finished in the bottom 50% of 
finishers. African runners also had significantly higher 
body mass losses (− 3.9% vs. − 2.0%) compared to other 
athletes (P = 0.001 [83]). Sex-based differences have been 
observed within the hydration and cooling data [74, 83]. 
Females were less likely to supplement their fluid consump-
tion with electrolyte or carbohydrates at IAAF Beijing 2015 
[74]. Females’ planned use of electrolytes (72%; men: 91%; 
P = 0.029) and carbohydrate (67%; men: 93%; P = 0.003) 
was significantly lower than their male counterparts at 
IAAF Doha 2019 [83]. Forty two percent (females) and 52% 
(males) planned a pre-cooling strategy at IAAF Beijing 2015 
[74] however, at UCI Qatar 2016 96% of females planned to 
adopt a pre-cooling strategy prior to the road race compared 
to 57% of males (use among team/individual time trialists 
was not different between sexes [85]). The use of a pre- or 
mid-cooling strategy at IAAF Doha 2019 was not different 
between sexes other than higher (31%) adoption of pre-cool-
ing via ice-slurry in females (males: 13% [83]). The sample 
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Fig. 3  Nutrition, Hydration, and Cooling: An overview of the acute 
race day strategies implemented by elite athletes, what influences the 
strategy used and recommendations for athletes and practitioners. The 

content within this figure is derived from data within the following 
publications: Périard et  al. [74], Racinais et  al. [85], Racinais et  al. 
[80], Galan-Lopez et al. [33], Alkemade et al. [6]
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of data in this space are limited, and further investigation is 
warranted to provide a greater understanding of hydration 
strategies between sexes.

Recommendations for Best Practice, Future 
Research and the Translation of Research 
into Practice

The recommendations were initially outlined by authors 
CE and LT and whenever possible align with existing con-
sensus, meta-analysis, reviews and best-practices (as exten-
sively cited above). Refinement and consensus between 
authors was reached via three rounds of author revisions 
(all authors). Further in-depth validation was sought from 
authors SR and TS. These recommendations are realised 
through a combination of best practice guidelines and author 
experience (including but not limited to: elite sport practi-
tioners, elite sport researchers/scientists, elite sport clini-
cians and medical doctors, and members of international 
federations/governing bodies) within elite sport. Figure 4 
provides an overview of these recommendations.

Best Practice

1. HA is optimal to improve performance and protect 
health when competing in the heat. To achieve HA at 
least 10–14 consecutive days of active heat exposure 
(using a natural or artificial environment), where Tc is 
≥38.5 °C, Tsk is ~35 °C with an increase in skin blood 
flow and profuse sweating is induced for at least 60 min, 
should be adopted in environmental conditions that are 
similar to or exceed the expected conditions (i.e., his-
torical peak temperature/humidity) of the competition 
location [3, 35, 72, 76, 78, 81, 100, 103]. Elite athlete 
training schedules may not allow for this type of regi-
men thus, they should look to complement specific HA 
training with the following two recommendations.

2. Where exercise in a hot environment is not achievable, 
post-exercise sauna (≥ 80  °C) or hot water immer-
sion (≥40 °C) for 20–40 min [22, 37, 60] or wearing 
additional clothing during training [54, 94] should be 
adopted to induce HA adaptations (NB: tolerance to 
these HA strategies should be built up gradually over 
time ideally, supervised by qualified personnel and 
monitored using body temperature measurement tools 
to avoid adverse health outcomes). An additional benefit 
of this approach is ‘quality’ preservation of the ‘active’ 
sport-specific part of the training session.

3. Pre-cooling strategies should be complementary to HA 
(but not replace) and focus on the physical and percep-
tual reduction of Tc and deep body tissue temperatures 
while maintaining a warm activated periphery (i.e., 
muscle temperature) to facilitate initial competition 

performance capacity [100]. If the periphery is cooled 
too much pre-competition (i.e., to the point of shiver-
ing), a disruption in peripheral to central feedback pro-
cesses can occur at race onset which, until a relative 
equilibrium is reached, compromises pacing (athletes 
and coaches should plan for this within their adopted 
pacing strategies). CWI for 10–15 min at 10–15 °C is the 
most efficacious pre-cooling strategy to reduce body tis-
sue temperature yet is often incompatible with practice 
[100]. Alternative albeit less effective (in terms of body 
tissue temperature reduction) methods include ice-vests/
towels and ice slurry/cold water ingestion which have 
good practice-compatibility [14, 16]. Mid-competition 
cooling, ideally adopted in a complimentary manner to 
both HA and pre-cooling, should focus on reducing the 
rate of rise in Tc and favourably altering body tissue 
and Tsk perceptions [100]. Ice cold water ingestion at 
regular intervals during competition, ice hats/towels 
and menthol spray are mid-competition cooling strate-
gies observed to provide an ergogenic effect [14, 16, 
95]. Importantly, an individualised approach to cooling 
should be adopted and thoroughly practised in train-
ing to ensure tolerance, avoid negative consequences 
(e.g., gastrointestinal issues, altered pacing, shivering) 
and ensure optimal implementation prior to and during 
competition [100].

4. Hydration strategies should be complementary to HA 
and pre-/mid-cooling approaches. Athletes should be 
euhydrated prior to competition and hydration strategies 
should begin in the days leading up to competition [45]. 
Competition day strategies should begin several hours 
before the start of competition to allow for fluid absorp-
tion and urination to return to normal. In-competition 
strategies should plan for fluid intake to, if possible, 
avoid significant dehydration (body mass losses of >2%) 
accruing during competition, but it must be acknowl-
edged that in some settings this may not be possible 
[45, 66]. Fluids may consist of electrolyte and/or carbo-
hydrate solutions, although carbohydrate intake in par-
ticular, needs to be well planned to ensure carbohydrate 
intake is appropriate (i.e., not too little or too much). 
All strategies should be individualised and specific to 
the competition with thorough planning and repeated 
practise during training to avoid negative performance 
effects (e.g., gastrointestinal disturbances, hyponatrae-
mia) during competition [45].

Research

1. Take a holistic approach to assessing heat-based best 
practice within elite athletes linking the levels of adop-
tion of HA, use of cooling and hydration strategies to 
self-reported knowledge and their execution to objec-
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Fig. 4  Recommendations: An overview of best practice recommenda-
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realised through a combination of best practice guidelines and author 

experience within elite sport. Tc core temperature, Tsk skin tempera-
ture, HA heat acclimation/acclimatisation, IF international federation, 
NGB national governing body
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tively measurable outcomes (e.g., the impact on per-
formance and medical events). Investigation with large 
samples of competition fields is imperative (i.e., only 
6% of athletes competing at the competitions in this 
review were surveyed, Table 1) and the research must 
be expanded from the current endurance athletes across 
other types of sports, sport modes and athletes’ perfor-
mance levels.

2. Research should focus on capturing the athlete voice and 
identifying: (1) those unable to undertake HA and deter-
mine the barriers faced in adopting HA and how these 
can be overcome; (2) where athletes obtain their knowl-
edge (e.g., practitioners, medical teams) of heat-based 
practice; and (3) individual differences and perceptions 
of the necessity for adopting dedicated HA training (e.g., 
individuals from a hot climate may perceive they are 
already/always HA and do not need to adopt HA).

3. Practitioners (e.g., medical team, coaches) have an 
instrumental role in knowledge translation and adop-
tion of heat mitigation strategies thus, assessing their 
knowledge and where they obtain their knowledge pro-
vide insight to the results seen in athletes.

Translation of Research into Practice

1. International federations and national governing bod-
ies must remain central advocates and educators of 
evidence-based practice with regular (not only prior to 
major championships) dissemination of updated and 
evidence-based educational materials, to all stakehold-
ers including the athletes. Efforts should be made to 
deliver content in multiple languages and be accessible 
for athletes who may be visually impaired or have intel-
lectual disabilities. Deploying strategies for active edu-
cation (i.e., more than simply disseminating material) 
of evidence-based practice is likely required to observe 
an increase in the adoption of evidence-based practice 
among athletes [31, 90].

2. Specific focus should be given to athletes from cold/
temperate climates with innovative strategies to HA, 
given that these athletes are seen to be considerably less 
likely to adopt HA due to actual and/or perceived bar-
riers faced accessing facilities and hot environments to 
live/train [4, 33].

3. Education surrounding evidence-based hydration and 
cooling guidelines should be implemented to ensure ath-
letes implement best practice and are ideally prepared 
for their event. Particularly for female athlete popula-
tions who have demonstrated sub-optimal practices com-
pared to males which may be, in part, due to a lack of 
knowledge [33, 83].

Conclusions

Long term HA (i.e., ≥10 days) is by far the most health pro-
tective and performance enhancing strategy to mitigate the 
impacts of heat compared to short/medium term HA. Cool-
ing and hydration strategies should complement and not be 
used instead of HA and strategies should be individualised 
and well-practised. The adoption of HA among elite ath-
letes prior to competition in the heat appears to be increas-
ing, however, is not universal. Provision of easily digestible 
educational materials with alternative low cost, innovative 
and implementable HA strategies appear to be paramount 
to increasing the adoption of HA. Materials of this nature 
are needed most by those from cold/temperate climates who 
have been shown to be the least likely to adopt a HA strategy 
and face the most significant barriers to its implementation. 
There is wide use of cooling and hydration strategies by elite 
athletes competing in heat, likely due to the ease of imple-
mentation compared to HA. Educational materials should 
also include evidence-based guidelines that ensure athletes 
are optimally prepared for competition. Importantly, a one 
size fits all approach should be avoided. Materials must cater 
for sport and sex specific differences ensuring Paralympic 
athlete specific challenges (i.e., altered thermoregulation) 
are accounted for. Finally, research is required on large com-
petition samples across the sporting landscape to determine 
how elite athletes outside of World Championship/Olympic/
Paralympic endurance events prepare to compete in the heat.
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