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Triathlon is an Olympic and :
Paralympic multi nofevent /
comprised of s cycle and
run d|SC|pI|nesﬁprfo*rmed
consecutively and completed 0ver :
avariety of distances.”" S ¢

Typically, triathlon events are held B
in the summer where athletes can :
be exposed to particularly hot a
humid environmental conditit
Under overly oppressive
conditions, both the capacity to

perform and the health of athletes - z
can be negatively impacted.

This document addresses
Frequently Asked Questions
regarding how to approach
triathlon events held in very
hot and humid conditions,
particularly in the preparation
for Tokyo 2020, and provides
recommendations to optimise
performance and minimise the
occurrence of heat illness.
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How is core temperature regulated?
RBEBEEOLSICHBEESNZOM ?

Core body temperature at rest is maintained at around 37°C. During exercise, core
temperature increases in response to a combination of metabolic heat production,
which is directly aligned to the intensity of exercise, and the prevailing ambient
conditions, which influence heat exchange with the environment. A plateau in core
temperature may occur anywhere around 38.5-39.5°C when exercising in cool
environments. However, some athletes may reach a core body temperature in
excess of 41°C when competing in hot ambient conditions [1]. The environmental
factors that influence heat exchange (heat gain or loss) during exercise include
ambient temperature, humidity, solar radiation, and wind speed. These factors
affect the pathways of heat exchange: conduction, convection, radiation, and
evaporation [2].

For paratriathletes, the impairment of the athlete can influence their capacity for
heatloss. Athletes with a spinal cord injury may display a significant impairmentin
thermoregulation, characterised by an inability to sweat below their lesion [3].
Limb-deficient athletes have a lower body surface area and therefore a reduced
ability for heat loss to the environment [4]. Athletes with gait asymmetries can
demonstrate higher metabolic heat production for a given work rate due to their
movement inefficiencies [5].

REEOABOREMKB I3 CRIZRICHIFINTOET, BEh, REMERELLFAFRREOmHED
FEICI > TEBARRIILERLET RBIMERELE (X, EFRREICLLAILTEML ., BBEREL., 23
[CHEE5Z2FT, ARLTRETCEHTHE. FEKENDTSh—IL, 385~39.5CIZHY ., HRRIETT
BT OEFEMERBENNCEBADEFLHTEET (1], EBF ORI (BORIN/KER) IHEES
ZAHIREBEERIL. AEERE. EE. B BENEENT T, ol BARBRR (E, ®ik. Mat. &
B ICEBEE5EZFT[2],

INGRSATR)—LDIBE EFOEAND ., BOMBEENICHELZR T T ARELIHYET . HitE
BHAHLIRFTIE. TOREMEL Y TAHADHETFHEETICE > TRRREICELVENVNETRI L
AHYFET[3]. MR REDHAHRF (FARREEI/NEUV =0, BIRBEENAMMETLTLET [4], X
HHTEETIRFITEVTIE EBOIERENL, JUSVRBEMERELZ R EIRYFET[5],
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Heat transfer via
electromagnetic waves from
the sun. Waves can be direct,
diffused through clouds, or
reflected off the ground or /\/
other surfaces. %
=

EVAPORATION CONVECTION

Heatloss viathe vaporisation
of sweat from the skin.
Evaporationis the main avenue
ofheatloss during exercisein

Heat transfer via the
movement of fluids like water
and air. Heat is lost when
air/water temperature is lower
than the skin. Heat is gained
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How does environmental heat stress affect

triathlon performance?
ERBELSSAT7RAVDNTF—IVANED S GHEBERIFT N ?

SWIM

The swim leg of the triathlon ranges from 375m to 4,000m depending on the
event. Given that swimming is the first discipline of a triathlon, the rate of rise in
core body temperature is greatest during that part of the event. The increase in
core temperature occurs in response to the rise and maintenance of a high level of
metabolic heat production, which can increase core temperature above 39°C [6].
The rate at which core temperature increases depends on the intensity at which
the athlete is swimming, as well as the water temperature. When swimming is
undertaken in 32°C water compared with 27°C for example, performance across
20 to 120 min events decreases by 4-7% [6].

AA L

FSAT7ROVDARA L/S—kE, KEIZHLET375mM 54,000mD EEEE Y ET, RA LA
SATAAVERIZE TARIDIN—LTHIEEEZ DL, FBEIRED LR EIL, XML,
N VDB N—FDFTRIREGYFET EBFHBFICRLEED LELAA#LNE
) FEMRBED LR (X SLANILORBEEEDIEMEMIFICTISCTHRAEL, 39°CULLEER
5IEEHYET FEERED LFEIL, k<HBELKEBITIKELET FIZIX. 27°COKIEE
EERT., 32°CDIKB Tl 20~ 12090 DAL La/S\—hTD/INTH—I R IF4~TRIETLET
[6],

BIKE

The impact of hot environmental conditions on endurance cycling performance (20
km and above) is well documented, with average power output decreasing by about
15% in hot (30°C) compared with cool (20°C) conditions [7]. The impairment in
performance occurs in conjunction with the increase in whole-body temperature

[8, 9], which leads to an increase in the cardiovascular response and in turn a
progressive decrease in maximal aerobic capacity (VO,,,,) [10, 11]. As a result,
athletes decrease their absolute work rate (power output) in the heat to maintain

a relative exercise intensity and effort similar to that of cooler conditions [12].
During a triathlon race, whole-body temperature is already elevated at the start of
the cycling leg since the athletes have just completed the swim leg. The reduction
in cycling performance can therefore be expected to occur earlier than when
conducting a standalone cycling race, depending on the dynamics, tactics, and
geography of the course.

Compared to ambulant paratriathletes, PTWC paratriathletes (wheelchair users)
may be at particular risk for thermoregulatory strain during the handcycling leg of
the race. Due to the low surface area for convective heat loss, closer proximity to
the road and potential radiative heat gain, and the nature of athletes’ impairments,
greater core temperatures have been shown in this population group [13].
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EMBEEUEIBFARNAITAR (20 km L) 8T+ —T U RIZEZZEEIHZ CH/EShTEY ., 25
IREET (30°C) TIEARIRE T (20°C) LB L TEHHE AL KI15%IBETLET (7], /13TA—T R ET
F. £FDEWELFIZHESTHRELIS, 9] DMERISDITELSH SN, IXRFEFREESN (VO2max) (%
FRAIZIETLET[10, 1], ZDHE. ERRET TR EFIIFRIRELRIF ORI HES HREELSE D
EZHFT =6, M EEEE N ERLTEIZGEYET[12], FSAT7RAVL—XTIE, RALT
YIL=IENYDEFDEBKEIL. T TITNAON— HBEATLERLTVWET , O—ADEEE. B
fi, thICLERBIEZTDLDD. BEFOERENLFELTNS=H. FSAT7RAOAVEEFD/INA9/3T74+—
TORADETIE. NV (BE) L—RKYLBRBRICHIRT H5ZENFEINET,

HATATREIR /NSRS AT R —hELLEL T, PTWC/NSRS AT R —M (EH/FZEFERAL TS [F, /NI
—bDNIRHA D) TR OREREHFICEEADNDAREENAHY FT . TOEHELT, PTWC/Y
FEF (. REBBMEBOREEA/NSN L ERRISEH EMSEOMIE THRELTLS20 . EEEH D
DR BZEZITEHE, ZELT BENFEDEN VI > TREMAEA BV CEARESNTVET
[13],
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Figure 2 Power output during a 43 km cycling time trial in Cool (8°C) and Hot (37°C)

outdoor conditions in high-level cyclists.
Reproduced with permission from Racinais, Périard [14].
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RUN

Running in hot conditions is affected in a similar way to cycling, with longer events
incurring a greater reduction in performance under hot environmental conditions

[15, 16]. Similar to the cycling leg, whole-body temperature at the start of the

run will be elevated. Given that running occurs at a slower speed than cycling, the
potential for heat loss via convection and sweat evaporation is reduced. The running
leg is therefore the section of the race where athletes may be most at risk of
experiencing exertional heat illness.

2y

ERBRETTOIUIE MRk, V02— RADEHDPRWVNEENTH—I RO KIBHIETERLET
[15, 161, /N\AU/\—bERIHk, SU/N— I EERFICT TIZEBRBED LENFRINET . SUIENM1D &
YHHETREIEWN O ERETFDEBUCKLIARKMENRDLET, TDD. T2/ A—bTIEEADE
DNEET LRI RLEEYET,
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How does environmental heat stress affect

athlete health?
EMEENEEOREICEDLSLEEERIFTM?

Exertional heat illnesses represent a continuum of medical conditions with
potentially deadly consequences that can affect physically active individuals in hot
and cool environments. The severity of exertional heat illness can range from heat
exhaustion, to heat injury, and on to exertional heat stroke [17]. Unlike classic
heat stroke, which is primarily observed in very young and elderly populations
during seasonal heat waves, exertional heat stroke often occurs in young healthy
individuals considered low risk and performing routine physical activities, such as
exercise in cool or hot environmental conditions. Exertional heat illness susceptibility
is multifactorial, with the greatest risk shown during midday activity, early-season
heat waves, and when traveling to unaccustomed oppressive climates [18]. Having
recently experienced an illness and/or being in an immunocompromised state also
increase heat illness susceptibility [17].

EBEERPIE L. BRRECEVDTH ARRREICENTE EFNICHGHNTREZSIE
RO AIREMEAHYET  RPEDEEE L. BRF ~BREG-RFHRELGYFEI[17](H
AT, BRER. TERBRIFVONA, TE:BRS. LE: 2BFRICHEShET  REDS
BAARS514202015/BEFBE)  EFERPED. RO —IUPICYROEEHEICER
WINLHHHMBSREIIEGY BPEICHRDIRAIDENEFREEICSVTL IR
BTOARBETOELLICEVWTHLRBICTRELEF T, EFURTEZSISECTE
HE, TESETHY. BFDEF, MIEDEE. FENTEREBEGRIEDHIEADEELZEIS
BRRDIVRAINHEHESNTOFET (18] RIAARICLGE 2Tz AL BLLIFREFREIRETHSHC
EY BRPIEDRERZSHFTT[17],
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HEAT EXHAUSTION HEAT STROKE

= Minorcentralnervous system = Minorcentralnervous system = Profound central nervous
dysfunction: headache, dysfunction: headache, system dysfunction: seizure,
faintness faintness combativeness, loss of

- Possible dehydration - Tissue and organ dysfunction: consciousness

« Increased skin bloodflow skeleta muscle, liver, kidneys = Rhabdomyolysis and

- Decreased cardiac output = Tissue and organinjury > endoto>.<e.m|a

- Decreasedblood pressure = Increased circulation of = Systemic inflammatory

injury biomarkers response

= Multi-organ failure and death

HEAT STRAIN

HEAT STRAIN
LEVEL LEVEL

Figure 3 Heatillness continuum. Increasing levels of heat strain may lead to
heat exhaustion, heat injury and heat stroke
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How to best prepare for competing in the heat?
ERTCHBET3OITAR MR KL ?

The most important intervention one can adopt to reduce physiological strain and
optimise performance is to heat acclimate. Heat acclimation improves temperature
regulation and enhances endurance exercise performance in warm and hot
environmental conditions. The benefits of heat acclimation are achieved through an
expansion of plasma volume, enhanced cardiovascular stability, improved sweating
and skin blood flow responses, better fluid balance (hydration status), and acquired
thermal tolerance [19, 20]. The process of adaptation occurs over 7 to 14 days

and can take place in laboratory/indoor settings (heat acclimation), or following
exposure to natural outdoor environments (heat acclimatisation). The adaptive
process is achieved via repeated exercise-heat exposures of 60 to 90 min that
increase body core and skin temperature, as well as induce profuse sweating.

Research has shown that Paralympic athletes are also capable of heat acclimating
[21, 22]. However, the extent of adaptations may be dependent on the athletes’
impairment. For example, athletes with a complete spinal cord injury will not show
improved sweating due to their impairment.

ABPMAEEFEFL, NI+ —T U RERBELTE-ODORELEEL A X, BEEETT, 228t
T KBRS OREL, ERBETCOBRAREIN/ NN T+—I U R A LEEET, SHELIL. FERMI
REDEM, DOERDEELL. RTELVEEMRREDHE. £YBRUVMAKR/ TR (RKIKE) . &
KU EDERICK>TERSINET[19, 20], 2EEMEIX. 7~14BEDOEBRE/BRATON —>
TEEUVEFNICH BN BRBETOERBEICL-TESTEET, 28I~ DBEE(L. 60~907D
ERTTOEHZRELT. KEODEFTEELFEBRECRERE LRI EDHILETERSINET,

NIEFLZERIETESIENMHARTHRESNTOET [21, 22], LALGAL EFNEDLNEE
BliE TESNE BFODENVIKETHEENHYET . A E TELGEHBEORFE. TOE
ALND=BHIZHETFHEEDHE T RSLENEELNET,

375 - 43kmTimeTrial
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225 -
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Figure 4 Power output during a 43 km cycling time trial in Cool conditions (8°C)
and after 2 days (Hot 1), 1 week (Hot 2) and 2 weeks (Hot 3) of training
in 37°C outdoor conditions in high-level cyclists.

Reproduced with permission from Racinais, Périard [14]

K4 NLRILDYAIANZEITS, AiRIREE(8°C) . 2 (37°C) BNIRETHOIN —=2F 2HRE®
(Hot 1), 1;:ARE# (Hot 2) B L U2 (Hot 3) DR FHIZH T 543 kmDAA LI SATILFRDHE A,
(RY7—K, SOR—EDHFEBT EH[19])

, o
triathlon



What sort of performance benefit can | expect

from heat acclimation?
BHEMEICES TED LS LGN TH—T R EDFI AL FEINEIN?

Environmental heat stress can significantly impair endurance performance. However,
heat acclimation allows restoration of much of this impairment in performance and
reduces the risk of heat illness [14]. Heat acclimation should be prioritised prior

to any event where the environmental conditions are forecasted to be hot and/

or humid, even if the level of heat stress is uncertain. It is important to note that
heat acclimation does not impair performance in cool environments and may even
increase it under some circumstances [23].

EHRBEVSAN AT TIIEBEALREAZELELSTAIREENHYET, LOLEL S, SEE
EIZKY . SDONTHF—TORADETOREDZERESE, BPED)RVZEFIELIENTE
F9[14], ERAANLADLRNIILLFTASH->TH,. BRESLV/FEEEEELAFTEINLGKXS
Al 2REMEEBELTER T RETT  FEIREILEBRIE T, FRRETTD/\T+
—IVRIFELEONENECAN KRRICEOTIFINTA—I U REEDHEHESZAHHETT
[23],
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E 3100 . Exercise Capacity ;@&55
S u
B 12 95
< 18 90

85

80

75

o 1 2 3 4 5 * 7 8 9 10 11 12 13 14
DAvs of Heat Acclimation

BB R E

Figure 5 The time course of adaptations to exercise-heat acclimation.
Within a week of acclimation, plasma volume expansion occurs and
heart rate is reduced during exercise at a given work rate. Core and skin
temperatures are also reduced when exercising at a given work rate,
whereas sweat rate increases. Perceptually, the rating of thermal comfort
is improved. As a result, aerobic exercise capacity is increased. Of note,
the magnitude of these adaptations is dependent on the initial state of
acclimation and the acclimation protocol (e.g. environmental conditions and
exercise intensity). Reproduced with permission from Périard, Racinais [19].

X5 EER—FREIE DR RERRE

ZRIEAS AR LUAIC, MREEDBERARIY, A—REICSFTHMBRTHRILES — A FA—5’&
EIZHT5. REMAECKERTETL, RFEREMLEYT -, BREHZRBEREIRELEFI . ED
R ABRREDENLVALLET, EELIEE. ChoDBEEORERER. BHEDHHL RJLOFIET
O GREFRHPEBRELGE) [CRELTOET ., (GYF—H, RUT—FOFAIZR/TERE) [19])
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What type of approach should | use in order to

heat acclimate?
ERELDO-HDTIO—F 5k

Several approaches can be used to induce heat acclimation. The key is to increase
whole-body (core, skin and muscle) temperature and stimulate sweating. The ideal
scenario would be to heat acclimate in the same environment as the upcoming
competition. However, if this is not possible, heat adaptations can be acquired by
simulating hot conditions in an indoor setting such as an environmental chamber,
or even in a room with portable heaters. It is also possible to use passive heat
acclimation techniques such as hot water immersion or sauna bathing following a
training session. This approach takes advantage of whole-body temperature being
elevated from training and allowing it to be maintained or increased passively to
provide an additional stimulus for adaptation.

Exercise and passive heat acclimation protocols have been shown to be effective for
Paralympic athletes. When selecting an acclimation protocol, however, athletes and
coaches should consider the athlete’s impairment. Firstly, due to a reduced ability

to sense heat through the skin, athletes with a spinal cord injury may be unaware

of the level of heat stress imposed by the environment and thus should be closely
monitored during heat acclimation. Athletes with a high lesion level will display a
blunted heart rate response to exercise that may make a controlled heart rate
protocol ineffective. Additionally, if using controlled hyperthermia, rectal temperature
is not advisable for athletes with a spinal cord injury due to the risk of autonomic
dysreflexia (a potentially life-threatening bout of extreme, uncontrolled high blood
pressure resulting from severe blood vessel narrowing and cardiac stimulation;
[24]). In athletes with cerebral palsy, self-paced exercise may not be appropriate
as research has shown perception of effort and pacing may be impaired in this
cohort [25]. Whilst visually impaired athletes display no obvious impairment to
thermoregulatory function, those with the lowest visual acuity (e.g. PTVI B1; most
visually impaired paratriathletes) may lack the ability to see their internal or external
workload for intensity regulation. Finally, from a practical perspective, if passive
heating is used, accessible facilities should be sourced for athletes with significant
impairments to mobility.

ZERFEIZFENLODDTTO—FHHYET . WX ELDD(E, £5 (REB. KIE. ) DREZ EIT,
RAERBIHIETT . BENLGTITO—F X BAOKREERLRETERINETHIETT LL.
CNDRAIRRGIE R, REFHHEL FE—2—ZRAVEERNOLITERIIREICETH, 28E1LE
EETEES . L—Z0 T yia RISV BRKBOY VT ABRBEDZBHZRILEZRAT LD
TEFT . COFERE FL—ZV T TEHENEFL TSI EEF AL, TIITEBMMLBRRIHESZ S
BICF - TIHREER MBI T X ERSEHIENTEET,

FL—ZU T OZERIRBIEEE NIRFIDNRLHIERESNTLET . LHL, 2H
BMEEZRE T ARICIE, NIBFLIA—FEEFOEAVEERET ILENDHYEYT, i
BENHLIEFIL. RETHERLIBENMETLTVS O, BESNBALADLA
VISR EA DGV REEABHYET . EDOZBRINERIEIL oMY EREEE=F—FRET
9 BEREBEISMICHLHEFIE. BEFBIHTHORBRGCHFHIELTOLATEEELAH ST=
O IDHBOFEEHNEDELIIBLNER A T, FHEBEORFIZEST, BEARER
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FESVDDIRY BEMICEGRZEN T SERAC. EEOMEFEELDEBRIEICSERT 5.
FIEHTEEGCEEOSLEDREE) DO, flHIN SR EEREFOERRRE L& TE
HYUFEEA[24], INEREZE T 5EFIE. BAREOR—IBREINEGEHON TS ATHEMS
NIAR—MARIZTHRESNATEY . BEFEHFDOR—RABRETON—=0F (ZFBEYHIHE
NHYET[25], REENWEET 5 EF ISR A HEEEICEHSHIEENLAELTE, &
BADHEEF (] PTVI B RBEWEEENWNISRDINTISA T R—R) (X, EFEE
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HEAT TRAINING

Heat acclimatisation

Natural environment
(outdoor/field training)

Artificial environment
(indoor/laboratory training)

Heat acclimation

Cycle or run at self-
selected work rate

Outdoor (variable)
Indoor (40°C, 40% RH)

60-90 min

[
[

Cycle or run at
constant work rate
(e.g. 185W or 15km/h)

Outdoor (variable)
Indoor (40°C, 40% RH)

60-90 min

Water immersion
Sauna bathing

Water temperature:
40°C
Sauna: 70-90°C

Water immersion:
30-45 min

Sauna bathing: 30 min

Figure 6

Controlled
hyperthermia

Activity

Exercise and rest to
attain and maintain a
core temperature of
38.5°C

Conditions
40°C, 40% RH
Duration

60-90 min

humidity are possible. RH: relative humidity. Reproduced with permission from Daanen, Racinais [26].

Controlled
heart rate

Activity

Run or cycle at 80-85%
of maximum heart rate
(e.g. 150 bpm)

Conditions
40°C, 40% RH
Duration

60-90 min

Overview of heat acclimation and heat acclimatization methods with activity examples. Various combinations of temperature and

14
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How and when do | implement heat acclimation in

my regimented training program?
—EDQMN—=27 70T S LBEARIZ, VD, FlE, EOKSIZERBILERET 50 7

A key question for elite athletes regarding the implementation of heat training is
when to schedule it in the overall training program, and in particular ahead of
competing in the heat so as not to interfere with the taper period. A 1-2 week

heat acclimation regimen implemented 4-6 weeks prior to competition could be
integrated into the training program. This approach could then be supplemented
with regular passive heat exposures during the weeks prior to competition, or a
short (2-4 day) re-acclimation period the week before competition. This approach
would provide a constant stimulus for maintaining adaptation and minimally affecting
regular training in the lead up to a race. It is also suggested because re-acclimation,
when undertaken within a month of the original acclimation period, leads to a faster
(re)induction of adaptations [26]. Although exercise-heat exposure during the taper
may help maintain the benefits of heat acclimation, it may also interfere with the
goal to reduce overall training load. As such, passive heat exposure (sauna or hot
bath) following training sessions in a cool climate may be utilised during the taper
period [27, 28].

The figure below summarizes some of the different approaches that can be adopted
in preparing for competition in the heat, based on available time, resources, and
arrival to the competition venue. Athletes arriving early (1-2 weeks) can (A) initiate
the adaptation process by conducting 1-2 heat exposure sessions per week for

4-8 weeks prior to traveling and then training outdoors in the heat once on site, or
(B) undertake 7-14 days of heat acclimation 4-6 weeks before departure followed by
one heat-exposure maintenance session(s) per week prior to traveling and then
training outdoors in the heat once on site. Athletes arriving late (1-3 days) can

(C) heat acclimate for 7-14 days 2-3 weeks before traveling and conduct a heat
exposure maintenance session(s) in taper week prior to traveling, or (D) extend this
approach by heat acclimating 4-6 weeks before departure and performing a short (3-
4 days) re-acclimation protocol the week prior to traveling. The heat acclimation
maintenance sessions in strategy B (weeks 3, 2 and 1), C (taper week) and D
(weeks 3, 2 and 1) are not required but will help maintain adaptations. Based on
individual circumstances (e.g. training phase, workout, facilities, logistical support) a
particular approach or combination of heat acclimation regimens and individual heat
training sessions can be used to induce adaptations.

T)—MEFAE—FL—ZUTEET2HE . RVRELMBERF, —EDO—=27T0T S LDOH
T.WDE—rL—ZUTERETHNENIETHY ., HFIZ. BRIRET CTHRESNIXREZFOT—/
—HREY TN ESICE— L —Z 0T R T HEMNMREIZAYE T, Ka4~6BMATIICERET 51
~2BEDEBREMEL—=2T X, TS LICHAADETLES COBREUEIN —=2T (X KR
HIDHBER R TERT S EHRIZRE L. KEOFOBEDENEIMLHM (2~48) THICEATEE
T, CORMEL, BRIBLDBISEHIFT H-ODEHRNLGRIHELY, KD BEDIN—Z2T~DF
BER/MRICLET , F=. KYZEWN (B BHEFEZICORZF 5= RAIEEL=BIE RIS 100 A
LINDOBENEAHEREENTWET [26], T—/A—HOE—rL—=U T % SREEOR SEHTFT D
DIZRIDONELNGNA, ARG —Z VT AFZRLT ELVIT—N—HDOBFEYITH2EITE
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BYET TD=H. T—\—HE AFRRETTOMN —=0T wyia a2 L&, ZERIZ EEI
£ (IO FFLIFRKB)BHERATI[27, 28],
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Figure 7 HE (heat exposure) = Unique exposure conducting non-key workout (e.g. >60 min, 40°C & 40% RH), or clamped heat
rate protocol (e.g. 85% HRmax, >60 min, 40°C & 40% RH), or passive heating post-workout in the cool (e.g. 20-45
min, sauna ~80°C or hot bath 40°C).
Heat acclimation = Daily exposures for 7-14 days of clamped heat rate protocol (e.g. 85% HRmax, >60 min, 40°C & 40% RH),

or non-key workouts (e.g. >60 min, 40°C & 40% RH), or passive heating post-workout in the cool (e.g. 20-45 min, sauna ~80°C

or hot bath 40°C).

Heat acclimatisation = Training outdoors at the competition venue in the heat, avoiding the hottest part of the day when doing

key workouts.

Maintenance = Heat acclimation/acclimatisation adaptations maintained through competing and conducting

training sessions in the outdoor heat.

Reproduced with permission from Saunders, Garvican-Lewis [29]

X7 HE(BHIEE) =RAUMEE TIXAVEOSHIRTE (51:605 LLE. 40°CHDEEL0%) . AR EREL=-TOMIL (1:85% HRmax, 6053 LA E.
40°CHDIREL0%) . ARGREBETOIN —=2 7 %D ZERIEAA T (il : 20~455 . Y F~80°CES=[F40°CDAA),

GEEIZ&D) 2RI =DEHERTEL T, 7~ 148 E B SHBRE (5]:85%HRmax, 607 LA L, 40°CHDIEEA0%) . R4 MEE TIXARU O 2 2R
2= ($51:6053 LL £, 40°CHVDIRE40%) FRHFIRETON —=U 7 RO Z B E T (]:20~45%, Y0 F ~80°CE=IF40°CD AIA)

(RIRICLZ) ZREE=2RBRETORELB TOBRNEL—=2 T  RAUMEBEER T DL, RLSABRMEEE TS,

EHMB=BNOERBRETORIOCIN —=U T OEMBICL>THIFIN S GEBCRIRICLD) BREEDBE (YU F—X HILJ1ho- )L
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What pre-cooling strategies can | use before a

race? What about during the race?
BEET, BEPIC, EOLSBI—ULTBRNERTESM 2

Minimising unnecessary heat exposure and heat gain is advised prior to the start
of a race. Athletes should warm-up in the shade if possible and reduce the length
of the warm-up. They might also consider external (ice-vests, cold towels, or
fanning) and internal (cold fluid or ice slurry ingestion) pre-cooling strategies, or
a combination of both [30]. A practical approach might be to pre-cool in a bath

or use commercially available ice-vests during warm-up, which can provide some
cooling benefit without affecting optimal muscle temperature and function. During
the event, athletes should wear light-coloured clothing to minimize the effect of the
sun’s radiation, but clothing should not impair sweat evaporation. In hot and dry
conditions, self-dousing with water can provide additional cooling power, whereas
other cooling techniques such as ice-slurry ingestion provide more of a perceptual
benefit than a cooling effect (due to the small volume ingested when competing).
To minimise any disruption to the athlete during competition, any new cooling
method should be trialled and individualised in training before the event.

Paratriathletes with a neurological impairment should consider the impact cooling
may have on their spasticity pre-race. Furthermore, athletes with a spinal cord
injury and lower sensate skin area may not be able to sense excessive cooling

and could be at risk of autonomic dysreflexia. It has also been found that if cooling
techniques are adopted by athletes with a spinal cord injury, then lower perceptions
of thirst and thermal strain may become apparent, resulting in an inadequate fluid
replacement strategy [31]. Hence, cooling methods and drinking strategies should
be practiced in combination.

BRI, FREGREE L, RORRER/NRICEDSEEHELTT  EFIRIEELLER
BETOF—LTYITETN, EDVA—LTYTRELELET  F= MR (T AARR L, 3—ILREF
IV BB CRER (A=W OT A RS —0ER) Mo O mHEES ., RIS ERERERD M7 O
HIEERZE B L T [30], ERMAAHEBERELTIE, NRETTILI—Yo T LY, D+—3)
TITRITHROTAZRZREF ALY T 20D LN ERBONET  COAHEKER T HROCHEEEICEE
EEABHLELBL APTED AV ERITONTT , B IEKERNBROZEER/NRIZHIZ 518
[ EFEFBALINVEDVITER. ZELTEDVI7HARFOTOEBEH ITHEVLDIZT S, B<TEZE
LIKIR TR, KEDTHETHMGEAEHREFHIENTE, — AT TARRF)—ERGEDH
HERRS (X, TOAREAHRULISDEMLGA)YMEHYET GERPIERTEDIERXDED=O) . kT
DEFOREZZR/NRIZT =80 LWAGEEFLLVAA A ZED. BRIRATOL—=2J RIZHL T, hRA
TAXLTLIZELY,

MREENVNDHDH/N\TEFIL. BRI S ETER(CHEEEZADINEINEZRE

LTS ol BHBGETROKEREHHBREA I IRFL. BEOANEERT
ERVOATREMEAHY  BEMBEERERNNREISIRINHYEYT, £-. ERIEGEEEITS
BEFARHNEHEERET HE. RDFECRBZARLIKGY, ZDHER. KO HiaHAT
BUZEHZELLMOTEFELIZ[31], ED1= . AEAEFKEBEITHEE R TERT ET
ER
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How does hydration status influence performance?
KOBRIKBNNTF—TURICEZHEEL?

Sweat evaporation is the primary avenue of heat loss when exercising in the heat.
As such, profuse sweating can lead to dehydration during prolonged events in

the heat if body fluid losses are not sufficiently replaced [32]. Dehydration beyond
2-3% of initial body mass intensifies the rise in whole-body temperature and impairs
prolonged exercise performance. This occurs as dehydration negatively impacts
on cardiovascular function, making it more difficult to maintain blood pressure and
blood flow to the working muscles and the skin (for heat loss). Therefore, being well-
hydrated before the start of an event and minimising body mass losses during an
event by drinking adequately are important for athletes to perform well and ensure
their safety in the heat. Simple techniques such as measuring body mass before and
after exercise or evaluating urine colour in the morning (first void) can help athletes
assess fluid losses through sweating and estimate hydration status and needs.

For spinal cord-injured athletes, consideration for the catheter bag may be
warranted when using the pre- and post-exercise weighing approach. Also, it
may be harder to establish hydration status via urine colour, since the use of
medications may influence the accuracy of this technique [33].

TFOEMIE. ZRTTEH I IRORMBDEGRIRICGYES, TD=H. BRT TITHN D REHRHE
DFEARIARELARK D DB HTSNGEVGEE | KEDRTFIBKISOENDAREMENHYET
[32], BEXAMAED2~3%ZHBA KT, £HEBELFSE. RIFFEZFDRR. /N\T+r—I 2 RETIC
MAYUES . ChE, KA, DIMERREICELEZRIFTETREL, FHH O (BRBDT=O) KE~
D MEPMFTOMREIYRHICLETT . DFY . BERATC+2KSHEEL. BRPORERDEH/N
RICHIZ A EE, BRBRETICEVWTEFALYRIVNTA—IVRERIETHLEO. EFOLREEH
RIB=HICEETY . EFRTRICAEZRELEY. IORERERE—R) OBZHELLYVTDGE
DEBELFET EFEEDNRETICRIKTBREZTML . KOHHERECLEEEHTEITHDICK
ATAHIENTEFY,

BRBIGEEEITHEFTRRNY T OFERASFIRGD TEDMEROARERNEEHELSE
Y. T EFOEARBROBICHEEZSADUREMELAHL-H. EDHERIFROEADL
Koyt REZFM T S LFER#EN B HONFET[33],
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How much should | drink?
KABKOBEREL?

Drinking to thirst is adequate for exercise lasting less than 90min in cool
environments. However, a drinking plan or hydration strategy is suggested during
activities over 90min, particularly when performed at high intensities producing
elevated sweat rates [34]. Hydration strategies should be tailored to each athlete
based on sweat rate in conditions similar to that of the upcoming race, in order to
prevent body mass losses exceeding 2-3%. This individual prescription must remain
within the limits of the how much fluid can be absorbed by the body (~1.2 L/h) and
tailored to the availability of fluids on the course. It is important to recognise that
hydration regimens should never result in excessive over-hydration as this can lead
to hyponatremia, a serious health issue related to an imbalance of the salts in the
body that can be more severe than dehydration and even lead to death.

Athletes with a spinal cord injury that display an impaired sweat response should
be aware of the risk of overhydrating and subsequent urinary tract infections.
Alternatively, for athletes with an indwelling catheter, it is important to ensure steady
hydration across the course of the day to ensure hydration and help flush through
the catheter to reduce the risk of urinary tract infections [33].

ARRIR T DD HERBEDEESTHNIL, EABNF=EECTBRETETHATY L LEAS, 905 LU

L DEF®, FITRTFRAB, SREDEBRICIE, KOWHREBRERET S EAHEINTT

[34], KA FHIGEBRIX, 2~ 3N ZBAHARERDEIFITH=DIC BEDL—RERBHKDEHT TOHR
FECEDVTEADEFITELETREIRETT . COBELXDRFOHEERED., FAEARKINT

EHE (~1. 2L/FFfH) Pa—R LT, ECTKDERMN RGO EEEL ., AR TELHERNICEHEAN
ETY KD FHIGEE L BTN LMSE (BiKLYBEET, EICEDLESAHAIRADESREDT

VNGV REDTRIDRZNTTINR) [THaD KB REIGK S ERELGENCEERHE T HAENEETY,

RFRIGHEBLEONTWSERIBEEA T H2RF(L BREIGKTEREENISER T DRIERRIED
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What should | drink?
AERDREM ?

Sodium (salt) supplementation during exercise lasting longer than 1hris
recommended for heavy and ‘salty’ sweaters. Sodium intake may be increased
before and after hot-weather training and racing. During events, electrolyte tablets
or a pinch of salt may be added to the drink bottle of athletes that can tolerate the
taste. Including 30—60 g/h of carbohydrates to drinks for exercise lasting longer
than 1hr and up to 90g/hr for events lasting over 2.5hrs is advisable. This can

be achieved through a combination of fluids and solid foods. To optimise recovery
following training or competing in the heat, body mass losses should be restored
within a few hours through the ingestion of recovery drinks that include sodium,
carbohydrates, and protein. The preferred method of rehydration is through the
consumption of fluids with foods, including salty foods.

From a paratriathlete perspective, it is important to consider the nature of

the impairment as this may influence the prevalence of upper gastrointestinal
symptoms, which may have an influence on the timing and composition of foods
(liquid vs. solid) [33]. There are no disability-specific guidelines at present, so it is
recommended that athletes trial the advice noted earlier.

TSN RENBWNTFENEFITEVNTIE 1RELUEDESET HIHEIEFTRIILGE
D) DEREHELES  BERTON —ZU T OHRROFIRICT NV LADERZE LT EFERN SN
FI . KICERABTNIL, BRPRMUCEREORERIF-(FIEZVEDFEAMAFT , IRFELU LD
Hedr U= B ZhF (2130~ 60g/ B fE] . MEFTIESN V2. SEFREIZ B A D KOt iR TIEHR K90/ BfE D K1k
MEESFEHLEMBELET, CORKIEYMDER, BRIREEFOBMAZEHE-TETY . BRTO
L—= T OB OREREDT=6H. FrII L RKIEY. BV RNVEEEL)HNI—RIHZEIER
LT #EFRUAICHRERD D ERESEINETY  RUVKSHRIE EEVBAYE—HITKDEE
WY5ETY,

NFEFOHEE. BNYDERE A I V70l (RE/ER) 2LV, EEHEEERSRET

BEREMENH D=, BHAVDIKREZERT HIVENDHYET ., SDECH, HERDEAWNIHELT-
HARSAVFLEOD T, BFIFARDTENARER T ELHELET,

, (@
triathlon 25



How is environmental heat stress determined?
BREERN R (LMFAICEHEINDD ?

The severity of the environmental conditions can be estimated by the Wet-Bulb-
Globe-Temperature (WBGT) index. The WBGT is calculated from the dry (standard
thermometer) temperature, wet-bulb temperature (indicative of the true capacity

of the air to evaporate water according to its relative humidity and air velocity) and
black globe temperature (indicative of solar radiation heat load). A WBGT above
32.2°C is considered an extreme risk for experiencing exertional heat illness. The
International Triathlon Union uses a hand-held device to calculate the WBGT and a
flag system to provide warnings and recommendations to the athletes.

RN (X, IBERREKGRE (WBGT) THERITE S, WBGTIX., KB (B ERES)  BEGEE
(FEEEEEEICE>TKANERFEIELIERDEENIEIE) . REEE ERFHDIBEZE) A
HETELET, 32.2°CHB A DWBGTILE M RATEICHRDIVRINENEBZ LN TULVE
T, BEFSAT7RAOVES (TU L, EFICBEOHRSZIELFIRMTH-0IC, EF AR
[CE>TWBGTZBIE L. MEEDFEBRES A TLFRALTWET,
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Figure 9  WBGT monitoring tool and flag warning system
WBGTE RV —IL EEELTEMIEE S X T A

. (@
triathlon

26



What are the new ITU rules to help

mitigate heat stress?
BRI ABENO = DITUDFTIL—ILIXIZITH ?

Assessing on-site environmental heat stress at regular intervals using the Wet-Bulb-
Globe-Temperature (WBGT) index and providing announcements of its readings.
WBGT levels for the modification of exercise or competition for healthy adults are
based on recommendation from the American College of Sports Medicine (2007).

The ITU technical director (TD), Medical Delegate, Race Medical Doctor (RMD)
and Local Organising Committee (LOC) will work together to monitor the weather
conditions. A contingency plan will be implemented in consideration of any
extreme meteorological situations that could force the race to be modified
(reduce length) or rescheduled.

Any decision made will take into consideration the level of medical assistance,
facilities in the medical tent, evolution of the weather conditions and forecast, period
of the competitive season, race distance and category, athlete fitness level and the
age of the athletes. Event organisers will pay particular attention to unexpected or
unseasonably hot weather in mass-participation events, considering that the un-
acclimatised participants or participants without a sufficient level of training are at
higher risk for heat illness.

During the races, weather information and the WBGT index will be provided at the
Sport Information Centre and the Athlete Lounge. The information will be posted in
the Athlete Lounge in time for athlete check in. The WBGT index will be converted
to a five-level coloured flag system indicating the heat iliness risk of current weather
conditions. The information will be delivered in the form of written announcement
(sample below).

WGTBIETAERIGDHAI N REEIAMIZFEML . ZDRIEBEERRLET . WBGTIEIZ L SEERKA
DEE), FEDER - BIEEIL. TAIARKR—YEFSR (ACSM) D HEEE (2007) [ITEDWNTLVET L ITUDE
iR (TD) . A T 14 HILRER. L—RRBEE(RMD) . S XU BHEMEITZEE S (LOC)AMHALTERER
FHEERLTOET, BABRE TSV L—RADER (BEBER) £HIERTC1—IILOEREZRE
BENBDEIEBIHLERERAEDLEELTHELTWET . EEDREILX. EFMTIEOLAIL, BEE
BATUrDIER. RERRELETHROLE L., HRE—XU OB, SRR OHTI) — BFOmEL
RNIVPEBRGEENBEINT T, THEFIL. ESITEATOELSMEE X+ —=2F LTV
WSMEBOHRPEVRINTNILEZELT. FPENDESOEHNANOBIIHFITEEZILVET, it
B, RIZEWBGTIEX RS FEREA—OTRAY—,SOU O TRBLET . ChODERISEFNT R
—,SOUTIZFIVIAU T HERICIBRLET . WBGTIEIX. RENKEEHOBTE R IERTS5L
NILDOBFEEETEREIRTLATRRLET BHRIE. E@THLEELEFIT (TEEHYUTIL),
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Table 1

WBGTY RS AT —

Recommendations

HER

Wet Bulb Globe Temperature (WBGT) Risk Categories (ITU, 2019)
WBGT Risk Categories

Flag WBGT Risk Acclimatized, fit, Non-acclimatized, unfit,
Color Heat index low-risk triathletes high-risk individuals
Eog WBGT & V7 =28k, SEA. E T A7 N A=)
1BYRIDIATRY -k RS MmE
Black 2 |>32.2°C Extreme Re-schedule competition | Re-schedule competition
BEIZHL| BERATY - BIRE BEATY -V E R
Red 7r 30.1-32.2°C | Very High | Limit intense competition | Re-schedule competition
& THE Ly | and total daily exposure | 353720y 1 - B EE
to heat and humidity.
Watch for early signs
and symptoms
FREEE LA LBEICRBS
N BB R % il R
MBFEIRERIRITEET D
Orange 27.9-30.0°C [High Plan competition with Limit intense compe-
Lo =R discretion, watch at-risk | tition. Watch at-risk
individuals carefully individuals carefully
EELGBRRETE. VAOO |BEEROBEZHRE. JRY
HEIEMEZERT D DHEIEMEZERT S
Yellow 25.7-27.8°C | Moderate | Normal activity monitor Plan races with discre-
#HE *B fluid intake tion, watch at-risk indi-
KSMEREBREL-@EQ |Vviduals carefully
8 EELBREE. B
IDSMEZERT S
Green <25.7°C Low Normal activity monitor Normal activity monitor
% LN fluid intake fluid intake
KOERZHREL-RE KSEMZREL-RE
DEE DEH
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Considering that the ITU has the upper water temperature limits for cancelling the
swim, the cycling and running leg require the most attention with regards to heat
illness. Although cycling may provide greater air flow and possibly a greater potential
for heat loss than running, athletes may be at risk of exertional heat illness based

on the environmental conditions, but also the race tactics and course geography.
When running at a high intensity, a large amount of metabolic energy is released in
hot conditions. With a decrease in heat loss capacity relative to cycling, the run leg
of the triathlon should be considered the section of the race in which heat illness

has the highest likelihood to occur.

In case of a Very High Risk (WGBT index: 30.1-32.2°C, Red Flag) the following will
be taken into consideration for Standard and Sprints events:

- Standard distance events: change to Sprint distance
= Sprint distance events and below: stay as originally planned

- If the LOC and Medical Staff are unable to provide medical assistance respecting
all the rules of the ITU Event Organizer Manual Medical Services and Exertional
Heat lliness Prevention document, particularly in large mass participation events,
the competition must be rescheduled.

In case of an Extreme Risk (WGBT index: >32.2°C, Black Flag) the competition must
be re-scheduled to its original or shortened distance.

AA LERIEIZLETFNIELRSLBWNKED EENH A EFEETHEITU (X, NM 0S5 /— TIE B E
[CEALTREIEREZLSDENHYET . NA VI FVIEBLRFREREV BB A F TEET N EF X
REMNERZITTEL L—RAQOEMEO—RDOHE IS L > GEEMERADRED) RVIZS5SN 5T REH
NHYFET, ERRETOSREDIVIEREORBIRILY—ZELELET ., SUIE/N\A VI TERRESD
EHBEWZO . FIATRAV DIV N—FMEIRLAPEEZRELOT VNN THEIIEEEE T RETT . EE
[ZEULVM) R (WGBT fE:30.1~32.2°C, KREDIE) DIFE. RIVF—FBLURTYUEDRETIETRELNEE
SINEJ,

RV =R RTYUIREICEET S

AT UbB LV EN LY DR EER  STOIER TEE

BICEDEMELNDSKRRIZE T, LOC ELUVERRZYTH, ITUEOM PRFFEFHHARS5A
VDI RTOIL—IVIZRIDERIEMRETELGMGS . B ABEZEEINETY,

BEIZHL AT (WGBTE: >32.2°C., B DIHE . Bik(I TN BRI EMEROEEET 5=0IC
BERAT7V1—I)L(BREEREZSO)ERFATNETY,
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For the Tokyo 2020 Olympic and Paralympic Games, the following
heat counter-measures have been put in place:

Start time moved earlier due to the heat - 6:30 am

Increase the number of aid/drink stations on the run course

Establish a cooling station. Tent with fans and air-conditionning

Athletes may rest in cooling zones but any medical assistance will be DNF
Trained medical personel will be positioned every 500m on the run course
Provide ice gel and ice at aid/drink stations

Coaches are allowed to provide nutrition in designated coaches area on the bike
(park) and run course

Athletes can keep a cooling box/bag in their transition
Littering zones have been removed (no penalties)
Road painted with special paint to reduce heat on Field of Play

For Paratriathletes a fridge car will be used to ensure ice is still cold during the
entire race

Additional shaded areas available for athletes
Quick medal ceremony and introduction to reduce heat exposure

Coaches are allowed to place cold or frozen water bottles on to bikes between
the end of athletes' introduction and the start of the race

Athletes can wear cooling vests until their introduction

Medical marine and heat stress treatment protocols have been rq Check IOC's
trained personel have been added to the teams. Athlete 355 platform

iEZOZOTUJt 9 NS UEYIRETIE, FitDEHNRKEERLET

for more information

EHRFEAHICKYR2— ERZERLIZZEE (6:30)
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