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ABSTRACT

Paralympic athletes may be at increased risk for exertional heat illness (EHI) due to reduced
thermoregulatory ability as a consequence of their impairment. This study investigated the
occurrence of heat-stress related symptoms and EHI, and the use of heat mitigation strategies
in Paralympic athletes, both in relation to the Tokyo 2020 Paralympic Games and previous events.
Paralympic athletes competing in Tokyo 2020 were invited to complete an online survey five
weeks prior to the Paralympics and up to eight weeks after the Games. 107 athletes (30 [24-38]
years, 52% female, 20 nationalities, 21 sports) completed the survey. 57% of respondents had
previously experienced heat-stress related symptoms, while 9% had been medically diagnosed
with EHI. In Tokyo, 21% experienced at least one heat-stress related symptom, while none
reported an EHI. The most common symptom and EHI were, respectively, dizziness and dehydra-
tion. In preparation for Tokyo, 58% of respondents used a heat acclimation strategy, most
commonly heat acclimatization, which was more than in preparation for previous events (45%;
P = 0.007). Cooling strategies were used by 77% of athletes in Tokyo, compared to 66% during
past events (P = 0.18). Cold towels and packs were used most commonly. Respondents reported
no medically-diagnosed EHIs during the Tokyo 2020 Paralympic Games, despite the hot and
humid conditions in the first seven days of competition. Heat acclimation and cooling strategies
were used by the majority of athletes, with heat acclimation being adopted more often than for
previous competitions.
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Introducti
ntroduction Paralympic athletes may be affected more than

Olympic athletes [2].

It is well-established that thermoregulation is
impaired in athletes with a spinal cord injury (SCI)
when sudomotor and/or vasomotor pathways in the

In the lead up to the Tokyo 2020 Olympic and
Paralympic Games, many concerns were raised
regarding the anticipated environmental conditions
[e.g. [1-6]]. The Games, held in the Tokyo summer

of 2021, were expected to be the most thermally
challenging ever, with an air temperature of 31°C,
relative humidity of 60% and wet-bulb globe tempera-
ture (WBGT) of 29°C during the hottest part of the
days [1]. Hot and/or humid environments have
a negative impact on exercise performance, and
increase the risk for heat-stress related symptoms or
exertional heat illness (EHI) [2-4]. Such environmen-
tal conditions are challenging for all athletes, but

spine are damaged [2,5]. Wheelchair rugby athletes
with a cervical SCI experience hyperthermia even in
temperate environments, with an average core tem-
perature increase of 1.6°C within four 8-min quar-
ters of match play [6]. Few experimental data are
available on thermoregulation in para-athletes with
impairments other than SCI, but it has been sug-
gested that they also experience impairment-related
disadvantages when competing in the heat [2,7].

CONTACT Puck Alkemade ) puckalkemade@gmail.com

@ Supplemental data for this article can be accessed online at https://doi.org/10.1080/23328940.2022.2147364

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work is properly cited.


http://orcid.org/0000-0001-8529-0825
http://orcid.org/0000-0002-7459-0678
http://orcid.org/0000-0001-6762-131X
http://orcid.org/0000-0003-4550-3667
http://orcid.org/0000-0001-7203-4144
http://orcid.org/0000-0002-9030-0159
http://orcid.org/0000-0001-8668-3364
http://orcid.org/0000-0002-6266-4246
http://orcid.org/0000-0003-0747-4471
https://doi.org/10.1080/23328940.2022.2147364
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/23328940.2022.2147364&domain=pdf&date_stamp=2022-11-17

2 (&) P.ALKEMADE ET AL.

Individuals with amputations may show gait asym-
metries and a reduced body-surface-area to mass
ratio, resulting in elevated metabolic heat production
and impaired ability to dissipate heat, respectively
[2,8]. In addition, amputees may experience
increased discomfort at the prosthetic socket barrier
and/or skin grafts when exercising in the heat [2,9].
Athletes with visual or intellectual impairments are
not expected to show an impaired thermoregulatory
response, but reduced pacing and hydration aware-
ness might lead to indirect disadvantages during
competition in the heat [2,10].

There is a paucity of research on EHI incidence
in elite para-athletes. During the 2015 World Para
Athletics Championships in Doha (Qatar), where
ambient temperature ranged between 25 and 36°C,
seven of the 1225 athletes (0.6%) were diagnosed
with EHI, with four of them being referred to the
hospital [11]. It remains to be determined whether
EHI risk is similar in other Paralympic sports. Of
note, the Doha study did not report whether ath-
letes used heat mitigation strategies [11]. The
effectiveness of heat acclimation (HA) and cooling
strategies in reducing thermal strain has been
shown in para-athletes, predominantly in those
with an SCI [12-15]. However, little is known
about the use of such strategies in practice.
Hence, additional research is warranted regarding
EHI incidence in Paralympic athletes, as well as
the use of heat mitigation strategies to lower EHI
risk.

The aim of this study was to investigate the
occurrence of self-reported heat-stress related
symptoms and EHI, and the use of heat mitigation
strategies in Paralympic athletes, both in relation
to the Tokyo 2020 Paralympic Games and pre-
vious events. In addition, we explored the influ-
ence of participant characteristics on heat-stress
related symptom occurrence and heat mitigation
strategy use.

Materials and methods
Study design

The Paralympic survey was administered online
(Qualtrics, Provo, Utah, USA) and was available
in 10 languages (Arabic, Chinese, Dutch, English,
French, German, Japanese, Portuguese, Russian,

Spanish). Only athletes competing at the Tokyo
2020 Paralympic Games were eligible to partici-
pate in the study. The survey was brought to the
attention of these athletes via advertisements on
social media and the networks of the international
group of researchers. Athletes were given the
opportunity to complete a pre-Paralympic survey
only, or a full Paralympic survey. The full
Paralympic survey was either completed as
a combination of the pre-Paralympic survey and
a short post-Paralympic survey (Supplemental
file 1), or completed in full after the Games.
Surveys were open for participation five weeks
prior to and eight weeks after the Paralympics.
Before commencing the survey, respondents were
informed about the purpose of the study and pro-
vided informed consent. Procedures were
approved by the Ethics Committee of the Faculty
of Behavioral and Movement Sciences of the Vrije
Universiteit Amsterdam (#VCWE-2021-145) and
conformed to the standards set out by the
Declaration of Helsinki. After the Paralympic
Games, meteorological data were derived from
the Japan Meteorological Agency [16].

Paralympic survey

The Paralympic survey included questions about
impairment, sports participation, heat-stress
related symptoms, EHI, HA, cooling and hydra-
tion strategies. Impairments were categorized in
four groups: SCI, Limb deficiency, Visual
impairment/intellectual impairment/Pilots, or
Other (Supplemental file 2, Table 1). Athletes
with visual or intellectual impairments were
grouped with the pilots (n = 3), as they are
physiologically similar. Sports disciplines were
classified by environment (i.e. indoor or out-
door) and further categorized in one of four
categories: Skill, Power, Mixed or Endurance
[17] (Supplemental file 2, Table 2 and 3).
Athletes competing in multiple disciplines were
categorized based on the class with the highest
expected thermoregulatory demands. Symptoms
and strategies were asked in relation to the
Tokyo 2020 Paralympic Games and previous
events (also referred to as “in the past”). Most
questions were multiple choice, though respon-
dents were given the opportunity to expand on



their response. Heat-stress related symptoms
were listed as collapsing/fainting, cramping, diz-
ziness, nausea, severe headache and vomiting.
Medically-diagnosed EHIs were listed as dehy-
dration, hyponatremia, heat syncope, heat
exhaustion and heat stroke [18,19]. In the sur-
vey, it was articulated that the EHI diagnosis
should have been made by first-aid personnel,
a team physician, general practitioner, or in
a hospital. In survey questions on cooling stra-
tegies, we differentiated between cooling prior to
competition (pre-cooling) and cooling during
competition (exercise or breaks; per-cooling).
Cooling strategies were grouped into seven
main categories (Supplemental file 2, Table 4).
As we administered surveys both before (pre-
survey) and after (post-survey and full survey)
the Paralympics, preparatory strategies for the
Tokyo 2020 Paralympic Games were either
planned or actually used. We did not differenti-
ate between planned or used strategies.

Meteorological data

Meteorological data were collected from Tokyo
(i.e. the city), where most Paralympic venues
were located. Data included air temperature
(°C), relative humidity (%), dew point tempera-
ture (°C), precipitation (mm), solar radiation
(MJ-m™2) and wind speed (m-s™ ). Hourly data
was retrieved from August 18 (6 days prior to
start Paralympic Games) until September 5
(last day of Paralympic Games) 2021. Daily
parameters were calculated using a timespan
06:00-22:00 h, based on the Paralympic time
schedule. WBGT was calculated from meteoro-
logical data according to the Liljegren method
[20] using the R package “HeatStress” developed
by MeteoSwiss [21].

Data analysis

Data processing and analyses were performed
using R software (version 4.1.1, R Foundation
for Statistical Computing, Vienna, Austria) in
the Rstudio environment (version 2021.09.0,
Rstudio, Inc., Boston, MA, USA). The level of
statistical significance was set at P < 0.05.
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Normality of data was tested using the Shapiro-
Wilk test. Descriptive data were reported as mean
+ standard deviation (in case of normal distribu-
tion) or median [first quartile-third quartile] (in
case of non-normal distribution). The number of
respondents (1) per question was stated through-
out the results section. Frequencies from single-
answer questions (only one answer allowed) were
expressed in percentage of total respondents.
Frequencies from multiple-answer questions
(multiple answers allowed) were expressed in
percentage of total answers selected. McNemar’s
test was used to assess within-participant differ-
ences in the incidence of heat-stress related
symptoms, HA use and cooling use reported in
the past and in Tokyo. We performed simple
ordinal and binary logistic regressions to investi-
gate the influence of sex, age, continent, impair-
ment category, competition environment and
outdoor competition category on self-rated heat-
coping ability, heat-stress related symptom
occurrence, cooling and HA use. We also tested
the influence of heat-stress related symptom his-
tory on strategy use in Tokyo, and the influence
of strategy use on symptom occurrence in Tokyo.
The odds ratio (OR) was reported with a 95%
confidence interval. The category expected to
have the lowest probability was chosen as refer-
ence category a priori.

Results
Respondents

A total of 128 athletes participated in the online
survey, but 21 were excluded due to limited
answers, non-eligibility or duplicate responses
(Figure 1). The final dataset included 107 respon-
dents of 20 different nationalities (51 males, 56
females; Figure 2), with a self-reported age of
30 years [24-38 years], height of 171 cm [160--
179 cm] and body mass of 649 + 14.6 kg
Respondents reported 16 [9-18] training hours
per week. Athletes from 21 different sports were
included, with most common sports being ath-
letics (n = 29; endurance n = 11, power n = 18),
swimming (n = 16) and wheelchair basket-
ball (n = 11).
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At least

Pre-Paralympic survey

¢ EHI and symptom history

e Strategy use in the past

o Strategy use in Tokyo (planned)

Full Paralympic survey
e EHI and symptom history

e EHI and symptoms in Tokyo -
e Strategy use in the past

o Strategy use in Tokyo (actual)

1 question

- | n=40

n=88

Exclusion Final
dataset
6 incomplete,
—» 1 duplicate, M nN=32
1 non-eligible
- Total
n=107
9 incomplete,
—» 3 duplicate, | n=75
1 non-eligible

Figure 1. Overview of data collection and respondent selection. EHI, exertional heat illness.

Continent

Asia, 39%

Europe, 36%
Oceania, 9%
South-America, 7%
North-America, 7%
Africa, 2%

Competition type

Outdoor, 60%
Endurance 45%, Power 31%, Skill 12%, Mixed 11%.

Indoor, 40%
Power 51%, Mixed 47%, Skill 2%.

Impairment
Other, 35%

Heat-coping ability
Very good, 16%

Limb deficiency, 25% Good, 29%
VI/II/Pilot, 21% Average, 36%
SCl, 18% Bad, 16%
Unknown, 1% Very bad, 3%
0 10 20 30 40 50 60 0 10 20 30 40 50 60

Prevalence (%)

Prevalence (%)

Figure 2. Respondent characteristics (n = 107). Il, intellectual impairment; SCI, spinal cord injury; VI, visual impairment.

Meteorological data

Meteorological variables during the Tokyo 2020
Paralympic Games are displayed in Figure 3.
During the first seven days of competition in
Tokyo, average daily WBGT, air temperature and
relative humidity were respectively 28°C [27-
30°C], 30°C [28.7-32.3°C] and 68% [63-77%].
At day 8, WBGT decreased, with during days 8
to 12 an average WBGT of 20°C [19-21°C], air
temperature of 20.4°C [19.5-21.6°C] and relative
humidity of 98% [91-99%].

Heat-stress related symptoms and EHI

In both the past and in Tokyo, respondents
experienced heat-stress related symptoms, with

dizziness, nausea and severe headache being
most prevalent in the heat (Figures 4a,b).
Nine percent of respondents reported being
medically diagnosed with EHI in the past at
least once (Figure 4c), with dehydration (38% of
EHIs reported) and heat exhaustion (31%) being
most prevalent. None of the respondents
reported being medically diagnosed with EHI in
Tokyo.

Heat acclimation

In preparation for past events, 45% of respondents
had used HA (Figure 5a), of which 70% had used
one and 24% had used two different strategies. In
preparation for Tokyo, HA was used by more
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a. Outdoor endurance event schedule
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b. Meteorological data
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Figure 3. a; Schedule of the outdoor endurance events at the Tokyo 2020 Paralympic Games. b; Daily (06:00-22:00 h) meteor-
ological data 6 days before and 12 days during the Tokyo 2020 Paralympic Games. Points and error bars represent median and

interquartile range, respectively. Red flags highlight daily wet-bulb globe temperature (WBGT) medians that exceeded the “cancel
level for exertional heat stroke risk” for competition as advised by The American College of Sports Medicine (>27.9°C) [43].

respondents (58%) than in the past (P = 0.007).  during training camp), or using hot water immer-
HA for Tokyo was most commonly performed in  sion (Figure 5b). Most respondents employed one
a natural environment (e.g. heat acclimatization  (68%) or two complementary HA strategies (26%)
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a. Incidence of heat-stress

b. Type of heat-stress related

c. Incidence of EHI

related symptoms symptoms
p<0.001
100 100 . Other 100
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Figure 4. a; Incidence of heat-stress related symptoms during past events (temperate environment [15 to 25°C] and hot environ-
ment [>25°C]) and in Tokyo. b; Incidence of specific heat-stress related symptoms during past events and in Tokyo. ¢; Incidence of
exertional heat illness (EHI) during past events and in Tokyo. Percentages >10% are displayed in the appropriate bars.

a. Heat acclimation use

p=0.007
100
None
£ 80
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5 60
o
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Past Tokyo
n=105 n=102

b. Type of heat acclimation
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Figure 5. a; Prevalence of heat acclimation (HA) in preparation for past events and for Tokyo. b; Prevalence of specific HA strategies
in preparation for past events and for Tokyo. Percentages >10% are displayed in the appropriate bars. HWI, hot water immersion;

Room, artificial environment e.g. climate chamber or hot room.

in Tokyo. HA strategies used to prepare for Tokyo
included 12 [6.8-20] HA sessions distributed over
16 [6-22] days. In the year prior to the Tokyo 2020
Paralympic Games, respondents had resided in
a hot climate (> 25°C) for less than two months
(44%), four to six months (16%) or more than six
months (25%), while 15% of respondents had not
resided in a hot climate. Of note, some respon-
dents may have naturally acclimatized without
using a specific HA strategy; 43% of respon-
dents who had resided in a hot climate for

more than four months did not report to have
used HA specifically. The most prevalent reason
for not using HA in Tokyo was “I think/
thought it was not needed for this event”
(Table 1).

Cooling

In the past, 66% of respondents had used at least
one cooling strategy (Figure 6a). In Tokyo, 77%
of respondents used cooling, with most
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Table 1. Reasons for not using heat acclimation and cooling strategies in the past and in Tokyo, listed in order

of decreasing prevalence.

Heat acclimation Cooling
Past (%) Tokyo (%) Past (%) Tokyo (%)

n respondents 57 42 34 19
Not needed for this event - 39 - 71
Never competed in warm/hot conditions 29 - 31 -
Insufficient knowledge 25 18 29 14
Did/does not fit in training schedule 17 1 -

Insufficient financial resources 13 15 13 0
Don't like cooling - - 13 14
Other 10 11 4 0
Thought/think it was/is not effective 5 6 9 0

combining pre- and per-cooling. Both in the
past and in Tokyo, cold towels/packs, beverages
and water sprays were used most frequently
(Figure 6b). In Tokyo, 87% of respondents used
one to three pre-cooling strategies and 88% used
one to four per-cooling strategies (Figure 6c).
The most prevalent reason for not using
a cooling strategy in Tokyo was “I think/thought
it was not needed for this event” (Table 1).

Hydration plan

In Tokyo, 71% of respondents had a hydration
plan, either prior to or during competition
(Supplemental file 3, Figure 1). The most prevalent
fluids consumed were water (37% of all strategies
reported), electrolyte drinks (30%) and fluids con-
taining carbohydrates/sugars (16%).

a. Cooling use

b. Type of cooling strategies

p=0.18 PRE PER
100 100
£ 80 M 80
S 60 2 60
2 £
o 40 2 40
Y— o
© 2
R 20 °7 20

Past
n=103

Tokyo
n=88

0 Past Tokyo Past Tokyo

Strategy development Tokyo Paralympics

At the Tokyo 2020 Paralympic Games, 46% of
respondents used a combination of HA, cooling
and hydration strategies, while 29% used two,
17% one, and 8% none of these strategies. In
developing strategies for Tokyo, respondents
were primarily supported by a sport scientist,
dietitian and/or physician (44%), coach (31%),
and/or by themselves (16%; Supplemental file 3,
Figure 2). The factors most influencing the use
of strategies in Tokyo were previous experi-
ences with the particular strategies (39%), the
ability to integrate the strategy with regular
training (17%) and recent research findings
(14%;  Supplemental file 3, Figure 2).
Limitations due to COVID-19 regulations and
financial resources were minimally influential
(both 3%).

c. No. of cooling strategies

PRE PER
Menthol 100 f 7
6
Cool vest o 80
B cwi o) 5
g 4
Fanning 7 60
B Water spray 8 Ws
O 40 W2
B Beverages 5 -1
Cold o
towels/packs ° 20

0 Past Tokyo Past Tokyo

Figure 6. a; Prevalence of cooling strategy use during past events and in Tokyo. Cooling was used both pre- (PRE) and during (PER)
competition, or only PRE or PER (small proportion not specified). b; Prevalence of specific PRE- and PER-cooling strategies during
past events and in Tokyo. CWI, cold water immersion. ¢; Prevalence of number of different cooling strategies reported by cooling
users during past events and in Tokyo. Percentages >10% are displayed in the appropriate bars.
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OR (95% CI) P

Sex; ref = female

Males @ HA use in the past

Continent; ref = Europe

Athletes from Asia @ positive heat-coping ability
Athletes from Oceania @ HA use in the past

Impairment; ref = Visual/Intellectual/Pilot

Athletes with a limb deficiency @ positive heat-coping ability

Having an SCI @ EHI symptoms in the past
Athletes in group Other @ cooling use in Tokyo

Competition environment; ref = Indoor

Outdoor athletes @ positive heat-coping ability
Outdoor athletes @ HA use in the past
Outdoor athletes @ HA use in Tokyo

Outdoor athletes @ cooling use in the past
Outdoor athletes @ cooling use in Tokyo

Competition type (outdoor only); ref = Power

Skill athletes @ HA use in the past

o1 24(11,54) 003
. 0.2(0.1,05)  <0.001
—e—— 105(1.295.1) 0.03
. e—  89(3.1265) <0.001
—e—i 4(0.9,17) 0.058
—— 55(1.2,26.1)  0.03
o 22(11,47) 003
L e 6(2.4,14.9) <0.001
[ 11.3 (4.3,29.3)  <0.001
! +e—  44(1.8106) <0.001
N e 5.2(1.7,15.3)  0.003
._._|: 0.1(0,1) 0.04
4 2 0 2 4
log OR

‘Less likely More Iiker'

Figure 7. Simple logistic regression outcomes. The likelihood of the dependent variables was tested for the participant character-
istics (predictor variables) shown in the table. Dependent variables were heat-coping ability rating, occurrence of heat-stress related
symptoms, heat acclimation (HA) use, and cooling use in the past and in Tokyo. Green and red arrow symbols denote a higher and
lower likelihood with respect to the reference variable (ref), respectively. Points and error bars represent odds ratio (OR) estimate and
confidence interval (Cl) on a logarithmic scale. Only outcomes with P < 0.06 are presented (significance level P < 0.05).

Explanatory models

Athletes competing outdoors were more likely to
use HA and cooling strategies than those com-
peting indoors, both in the past and in Tokyo
(Figure 7; Supplemental file 4). Respondents
who experienced heat-stress related symptoms
in the past were more likely to use HA and
cooling strategies in Tokyo (OR = 2.4 (1, 5.9),
P = 0.045; OR = 4.0 (1.3, 12.1), P = 0.01; respec-
tively). HA or cooling strategy use in Tokyo did
not influence heat-stress related symptom occur-
rence (P > 0.40).

Discussion

The main objective of this study was to investi-
gate the occurrence of heat-stress related symp-
toms and EHI, and the use of heat mitigation

strategies in Paralympic athletes, both in relation
to the Tokyo 2020 Paralympic Games and pre-
vious events. During previous events, 59% of
athletes had experienced heat-stress related
symptoms, while nine percent had been medi-
cally diagnosed with an EHI. In Tokyo, 21% of
athletes experienced heat-stress related symp-
toms, while none reported a medically-
diagnosed EHI. In preparation for Tokyo, HA
was used by more athletes compared to previous
events, with 58% using HA for Tokyo compared
to 45% in the past. Cooling strategies were used
more frequently than HA, with 66% of respon-
dents indicating having used cooling strategies in
the past and 77% in Tokyo. Respondents who
experienced heat-stress related symptoms in the
past were more likely to use heat mitigation stra-
tegies in Tokyo.



Notwithstanding the extreme environmental
conditions in the first seven days of the
Paralympics, none of the respondents reported
being medically diagnosed with EHI. This finding
is supported by media stating that during the
Tokyo Paralympics only 15 out of the 4403 ath-
letes (0.3%) reported to medical support with an
heat-related illness [23,24]. The IPC Medical
Committee confirmed to the authors that they
registered 16 cases of hyperthermia or heat illness
[Derman et al., under review]. The low EHI inci-
dence in Tokyo aligns with observations at the
2015 World Para Athletics Championships in
Doha, where 0.6% of athletes were diagnosed
with a moderate to severe heat-related illness
[11]. Furthermore, 21% of our respondents experi-
enced at least one heat-stress related symptom
during or immediately after competition, which
is lower than reported in a previous study [7].
During a paratriathlon in the heat (33°C, 35-41%
relative humidity), 16 out of 28 athletes (57%)
reported heat-stress related symptoms, with half
of the athletes having heat acclimated prior to
competition [7]. However, paratriathlon is a high-
intensity outdoor endurance sport, exposing ath-
letes to an elevated risk for heat stress, while the
athletes in the current study competed in multiple
Paralympic sports with various environmental and
physiological demands. A closer examination of
our dataset indicated that three out of the 16 out-
door endurance athletes in the sample (19%)
experienced heat-stress related symptoms during
the Paralympics. Of note, the paracycling road
races and the marathons were held in the last
five days of the Games, during which the WBGT
was considerably lower than the first seven days
(see Figure 3). This likely lowered risk for EHI and
heat-related symptoms for athletes competing in
these sports [25].

The observation that none of the athletes in our
study were diagnosed with EHI in Tokyo may also
relate to the considerable attention afforded to the
hot and humid conditions expected at the Tokyo
2020 Olympic and Paralympic Games. Several stu-
dies and reviews were published on expected
weather conditions, EHI risk and management,
and heat mitigation strategies [1,2,26-29].
Researchers and practitioners collaborated in
national projects on heat mitigation (e.g. UK,
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“Project Theta”; Netherlands, “Citius Altius
Sanius” and “Thermo Tokyo” [22,30]), and in
developing translational documents to educate
athletes about heat management [31,32]. The
high prevalence of heat mitigation strategy use
among athletes in Tokyo suggests that such initia-
tives successfully created awareness within athletes
and their support teams. During the Paralympics,
the organizing committee implemented various
heat countermeasures, such as shading facilities,
air-conditioned rooms, and fluid and ice supply
[33-35]. Outdoor endurance competitions, such as
the paratriathlon and marathon races, started at
6:30 in the morning to avoid the hottest part of
the day [34]. Additionally, some international fed-
erations adopted WBGT limits for re-scheduling
or canceling competition [31,36,37]. For example,
multiple Paralympic tennis matches were sus-
pended or play continued under a retracted roof
in a climate-controlled setting (Center Court only)
as the WBGT exceeded the cancellation limit
(>30.1°C) [37].

Ninety-two percent of respondents used at least
one heat mitigation strategy (i.e. HA, cooling or
hydration strategy) in preparation for or during
the Tokyo 2020 Paralympic Games. When inter-
preting HA use, one should bear in mind that
some athletes resided in a warm climate, and
therefore likely did not require or decide to use
a HA strategy. Indeed, 41% of respondents spent
more than four months in a hot climate in the year
prior to Tokyo, with almost half not using a HA
strategy. Limited research is available on the effec-
tiveness of HA in Paralympic athletes. Both ath-
letes with an SCI and para-triathletes with various
impairments showed typical heat adaptations to
a 7-8-day HA protocol, including lowered exercise
aural or gastrointestinal temperature and expan-
sion of plasma volume [12,14]. However, in both
cases no sweat adaptation was observed, suggest-
ing that para-athletes can successfully heat accli-
mate, but perhaps not to the extent observed in
able-bodied athletes.

Two-thirds of respondents used cooling strate-
gies to mitigate heat stress in Tokyo. Cold towels
and packs were used most often, presumably due to
their practical convenience. The efficacy of such
strategies largely depends on the body surface area
exposed to the cooling and the duration and
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temperature of cooling. The second most popular
cooling strategy was ingestion of beverages such as
cold water and ice slurry. It has been shown that ice
slurry ingestion prior to exercise can reduce body
core temperature in wheelchair rugby and basket-
ball players with an SCI, but the cooling benefits
may disappear during exercise [38,39]. Interestingly,
cooling vests were less popular than cold towels and
packs, beverages, and water sprays, even though
wearing an ice vest may be one of the most effective
strategies in athletes with an SCI [13,40]. The lim-
ited use of cooling vests may be due to their weight,
and the uncomfortable fit for wheelchair athletes
[13]. Most athletes used a combination of pre- and
per-cooling, which is more effective than using only
one of them [13,40-42]. Additionally, the majority
of athletes used multiple pre- and per-cooling stra-
tegies, which has been shown more beneficial than
single strategy use in able-bodied athletes [42].
Altogether, heat mitigation strategies have been
and are commonly used by Paralympic athletes,
despite the paucity of research focusing on this
population. Additional studies are required to opti-
mize the use of heat mitigation strategies in para-
athletes, as findings in able-bodied athletes may not
be applicable.

Our data suggests that sex, continent, impair-
ment, competition environment or sports type did
not influence heat-stress related symptom occur-
rence. In Paralympic athletes, risk for heat-stress
related symptoms and EHI is associated with the
environmental and physiological demands of the
sport, but importantly, also to the impairment [2].
The combination of these factors may be more
indicative of the risk for heat-stress related symp-
toms than each factor alone, but our sample size
did not allow a more in-depth analysis. In our
study, the risk for heat-stress related symptoms is
further influenced by the inconsistent weather
conditions during the Paralympics. Hence, our
data is not suitable to create accurate risk profiles.

Our study is the first to provide insight into
heat-stress related symptoms, EHI, and heat miti-
gation strategy use in Paralympic athletes across
a wide range of sports. Although we included more
than 100 respondents, this accounted for only 2.4%
of all Paralympians [24]. Notwithstanding, we stu-
died a diverse sample, with respondents from 20

different countries participating in 21 different
sports. The survey was advertised through social
media and the network of the researchers, which
might have specifically targeted athletes who use
modern technology and/or are supported by
embedded scientists. These athletes may also be
more likely to use heat mitigation strategies, so
a potential effect of participation bias cannot be
discarded. Lastly, for 40 respondents we only col-
lected pre-Paralympic data, and therefore only
obtained information on planned strategies rather
than those that were actually used. Nonetheless,
our data provide novel insights into heat mitiga-
tion strategy use in Paralympic athletes.

Conclusions

During past events, more than half of the ath-
letes participating in the study had experienced
heat-stress related symptoms, while nine percent
had been medically diagnosed with EHI. At the
2020 Tokyo Paralympic Games, despite the hot
and humid conditions during the first seven
days of competition, none of the respondents
reported a medically-diagnosed EHI. Though,
21% experienced heat-stress related symptoms
in Tokyo. HA and cooling strategies were widely
used among Paralympic athletes. In preparation
for Tokyo, HA was used by 58% of respondents,
while only 45% had used HA during previous
events. The abundant use of heat mitigation
strategies and the countermeasures taken by the
Tokyo 2020 organizational committee likely con-
tributed to the absence of EHI during the
Paralympics. Hence, although many Paralympic
athletes may be at an increased risk of experien-
cing EHI due to their impairment, they can,
with the appropriate strategies and countermea-
sures, safely compete in the heat.

List of abbreviations

EHI, exertional heat illness.

HA, heat acclimation.

SCI, spinal cord injury.

WBGT, wet-bulb globe temperature.
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