Hydration for the Tokyo Olympics: to
thirst or not to thirst?
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Endurance and team-sport athletes
competing at the 2021 Tokyo Olympics
Games can expect hot and humid condi-
tions. Ensuring euhydration prior to an
event and minimising dehydration during
competition will be important, to ensure
an optimal physiological state and compet-
itive advantage." Contention exists,
however, regarding a primary recommen-
dation provided to athletes: drink to thirst
or plan to drink. The debate is centred on
the level of dehydration that can be
incurred prior to its effects influencing
physiological responses and
performance.”

Whole-body sweat rate during exer-
cise ranges from 0.5 to 2.0L hour™" with
some athletes (~2%) sweating substan-
tially more (>3.0L hour™").> Gradual
reductions in body mass of 2%-5% can
occur if body water losses are not replen-
ished, resulting in marked decrements
in plasma (=10%) and blood (=6%)
volume.* Such levels of dehydration lead
to a state of hyperosmotic hypovolaemia
that is proportional to the decrement
in total body water.” Hyperosmolality
during exercise reduces sweat rate, and
thus evaporative heat loss, for any given
core temperature.® As a result, the magni-
tude of hyperthermia experienced during
endurance exercise under heat stress is
exacerbated. Progressive dehydration and
hyperthermia also intensify tachycardia
and compromise the ability to maintain
cardiac output, leading to a reduction
in systemic, locomotor muscle and skin
blood flow.”

Decrements in endurance capacity
generally emerge when body mass losses
surpass 2%-3% in association with
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thermal, cardiovascular and perceptual
strain.’ 7 To optimise performance, it is
recommended to drink during exercise to
prevent excessive dehydration (>2% body
mass) and electrolyte imbalances.® * A
dehydration-induced body mass loss of
~2% in a 70kg individual is associated
with a 2%-3%increase in plasma osmo-
lality (~6 mmol kg ™"), which is the approx-
imate osmotic threshold that triggers renal
water conservation and acquisition (ie,
thirst).'® As such, it has also been suggested
that athletes need only drink to thirst to
maximise performance.'’ Given that the
sensation of thirst may only be perceived

when ~1.5L of body water has been
lost, coupled with thirst being alleviated
before complete rehydration is achieved, '
drinking to thirst may lead to involuntary
dehydration. Notwithstanding, several
circumstances may warrant drinking
to thirst, whereas others might require
a more calculated approach.’® In elite
athletes, drinking to thirst may be suffi-
cient to offset fluid losses during low-to-
moderate intensity exercise <60min in
cool climates. Conversely, high-intensity
exercise eliciting an elevated sweat rate,
along with activities lasting >60min in
the heat, should be accompanied with a
planned hydration strategy (figure 1).

Of note, a given level of dehydra-
tion on completion of an event does not
represent the hydration status experi-
enced throughout the event. A 70kg
individual competing at a high intensity
for 60 min might sweat at a rate of 2L
hour™, leading to a 2.9% loss in body
mass if fluids are not consumed. In this
scenario, a 2% body mass deficit would
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when training and competing in the heat:

- Monitor daily hydration status by measuring morning body mass and/or urine specific gravity;
- Drink 5-6 mL of fluid per kg of body mass every ~3 h on a daily basis to ensure euhydration prior to training/competing in the heat;
- Minimise body water mass losses when competing through fluid consumption while accounting for sport-specific rules and

regulations (e.g. access to fluids);

- Include carbohydrates (30, 60 and 90 g.h* for events of 1-2, 2-3 and >2.5 h, respectively) and sodium (0.5-0.7 g.L) to fluid
replacement beverages to improve palatability, stimulate thirst, increase intestinal fluid absorption and retention;
- Rehydrate after exercise with both fluids and food containing sodium, carbohydrates and protein.

Figure 1

Effects of exercise-induced dehydration and recommendations for optimising

endurance performance in the heat. Exercise-induced water loss (>2% body mass) via sweating
leads to hyperosmotic hypovolaemia, which triggers the sensation of thirst, but also reduces sweat
rate for any given core temperature and increases the cardiovascular response to a given work
rate. These adjustments impair endurance performance through exacerbated hyperthermia and
reduced blood flow to exercising muscles and the skin. Both exercise-induced dehydration (process
of losing body water) and hypohydration (state of body water deficit) induce these responses. The
choice of drinking to thirst or adopting a planned hydration strategy should be considered based
on exercise intensity, duration and climatic conditions, with the aim to minimise body mass loss
within the constraints of the sport (rules and regulations), rather than fully replace the deficit.
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only be surpassed in the final ~20min
of exercise. Given that performance is
not suddenly and markedly impaired on
reaching a particular level of dehydration,
but rather decreases progressively, the
impact of such a deficit on performance
may be difficult to quantify in a compet-
itive field setting (eg, motivation, pacing,
end-spurt). Podium placements are often
determined within the final moments of
competition, so having an individualised
hydration strategy is likely to optimise
high-intensity exercise performance in the
heat by reducing the detrimental effects of
dehydration in the latter stages of an event.
Another aspect worth acknowledging is
the rate at which fluids can be absorbed.
Gastric emptying rates of 15-20mL
min~' can be maintained during exercise
when water and/or a dilute carbohydrate
solution (<8%) are ingested.”> At higher
exercise intensities (>70% of maximal
aerobic capacity) gastric emptying and
intestinal water absorption are reduced,
which may prevent some hydration regi-
mens from offsetting sweat losses. Consid-
eration should therefore be given to the
level of dehydration that will potentially
be incurred.

Proper hydration between training
sessions and events is as important as
fluid consumption during competition,
if not more essential. Inadequate hydra-
tion following training may lead to a state
of hypohydration prior to a subsequent
session or competition. Hypohydration
leads to hypovolaemia and hyperosmo-
lality, which increase the internal tempera-
ture thresholds for thermoregulatory
cutaneous vasodilation and sweating
during exercise.'* Initiating exercise
hypohydrated will therefore expedite the
development of thermal and cardiovas-
cular strain.

Prolonged exercise in hot/humid
environments should be undertaken
in a euhydrated state with sweat losses
replaced to prevent excessive reduc-
tions in total body water. Hydration
regimens should be athlete-specific and
consider both sweat rate and composi-
tion (eg, sodium). The choice of drinking
to thirst or utilising a hydration plan
should be based on exercise intensity
and duration, the prevailing ambient
conditions, and sport-specific rules and
regulations regarding access to fluids.
Figure 1 provides recommendations to
reduce physiological strain and preserve
optimal performance when training and
competing in the heat.

Twitter Julien D Périard @DrJPeriard, Thijs Eijsvogels
@ThijsEijsvogels and Sebastien Racinais @ephysiol
Contributors JDP drafted the editorial with TMHE,
HAMD and SR providing input during revision. JDP
created the figure with TMHE, HAMD and SR providing
input. All authors approved the final version.

Funding The authors have not declared a specific
grant for this research from any funding agency in the
public, commercial or not-for-profit sectors.

Competing interests None declared.
Patient consent for publication Not required.

Provenance and peer review Not commissioned;
externally peer reviewed.

© Author(s) (or their employer(s)) 2020. No commercial
re-use. See rights and permissions. Published by BMJ.

| '.) Check for updates

To cite Périard JD, Eijsvogels T, Daanen HAM, et al.
Br J Sports Med Epub ahead of print: [please include
Day Month Year]. doi:10.1136/bjsports-2020-102803

Accepted 16 August 2020
Br J Sports Med 2020;0:1-2.
doi:10.1136/bjsports-2020-102803

ORCID iDs
Julien D Périard http://orcid.org/0000-0002-6266-4246

Thijs Eijsvogels http://orcid.org/0000-0003-0747-4471
Hein A M Daanen http://orcid.org/0000-0002-7459-
0678

Sebastien Racinais http://orcid.org/0000-0003-0348-
4744

REFERENCES

1 Racinais S, Alonso JM, Coutts AJ, et al. Consensus
recommendations on training and competing in
the heat. Scand J Med Sci Sports 2015;25 Suppl
1:6-19.

2 CotterJD, ThorntonSN, LeeJK, et al. Are we being
drowned in hydration advice? Thirsty for more? Extrem
Physiol Med 2014;3:1-15.

3 Baker LB. Sweating rate and sweat sodium
concentration in athletes: a review of methodology
and intra/interindividual variability. Sports Med
2017,47:111-28.

4 Montain SJ, Coyle EF. Influence of graded dehydration
on hyperthermia and cardiovascular drift during
exercise. J Appl Physiol 1992;73:1340-50.

5 Dietary reference intakes for water, potassium,
sodium, chloride, and sulfateNational Academies
PressWashington, DC20052005

6 Sawka MN, Young AJ, Francesconi RP, et al.
Thermoregulatory and blood responses during
exercise at graded hypohydration levels. / App/ Physiol
1985;59:1394-401.

7 Trangmar SJ, Gonzalez-Alonso J. Heat, hydration and
the human brain, heart and skeletal muscles. Sports
Med 2019;49:69-85.

8 Sawka MN, Burke LM, et a/, American College of
Sports Medicine. American College of sports medicine
position stand. exercise and fluid replacement. Med Sci
Sports Exerc 2007;39:377-90.

9 McDermott BP, Anderson SA, Armstrong LE, et al.
National athletic trainers' association position
statement: fluid replacement for the physically active. J
Athl Train 2017;52:877-95.

10 Kenefick RW. Drinking strategies: planned drinking
versus drinking to thirst. Sports Med 2018;48:31-7.

11 Noakes TD. Is drinking to thirst optimum? Ann Nutr
Metab 2010;57 Suppl 2:9-17.

12 Greenleaf JE. Problem: thirst, drinking behavior,
and involuntary dehydration. Med Sci Sports Exerc
1992;24:645-56.

13 Baker LB, Jeukendrup AE. Optimal composition
of fluid-replacement beverages. Compr Physiol
2014,;4:575-620.

14 Fortney SM, Wenger CB, Bove JR, et al. Effect of
hyperosmolality on control of blood flow and
sweating. J Appl Physiol Respir Environ Exerc Physiol
1984;57:1688-95.

Périard ID, et al. Br J Sports Med Month 2020 Vol 0 No 0

"1ybuAdos Ag paroarold
"y@3ylol|qig HausIdAIUN LA Ye 020z ‘. Jaquiaidas uo /wod fwg wslg//:dny woly papeojumod "0z0z Joqwaldas € uo £08Z0T-0202-sH0dslg/9eTT 0T S paysiignd sy :paN sHods [ g


https://twitter.com/DrJPeriard
https://twitter.com/ThijsEijsvogels
https://twitter.com/ephysiol
http://crossmark.crossref.org/dialog/?doi=10.1136/bjsports-2020-102803&domain=pdf&date_stamp=2020-09-03
http://orcid.org/0000-0002-6266-4246
http://orcid.org/0000-0003-0747-4471
http://orcid.org/0000-0002-7459-0678
http://orcid.org/0000-0002-7459-0678
http://orcid.org/0000-0003-0348-4744
http://orcid.org/0000-0003-0348-4744
http://dx.doi.org/10.1111/sms.12467
http://dx.doi.org/10.1186/2046-7648-3-18
http://dx.doi.org/10.1186/2046-7648-3-18
http://dx.doi.org/10.1007/s40279-017-0691-5
http://dx.doi.org/10.1152/jappl.1992.73.4.1340
http://dx.doi.org/10.1152/jappl.1985.59.5.1394
http://dx.doi.org/10.1007/s40279-018-1033-y
http://dx.doi.org/10.1007/s40279-018-1033-y
http://dx.doi.org/10.1249/mss.0b013e31802ca597
http://dx.doi.org/10.1249/mss.0b013e31802ca597
http://dx.doi.org/10.4085/1062-6050-52.9.02
http://dx.doi.org/10.4085/1062-6050-52.9.02
http://dx.doi.org/10.1007/s40279-017-0844-6
http://dx.doi.org/10.1159/000322697
http://dx.doi.org/10.1159/000322697
http://www.ncbi.nlm.nih.gov/pubmed/http://www.ncbi.nlm.nih.gov/pubmed/1602937
http://dx.doi.org/10.1002/cphy.c130014
http://dx.doi.org/10.1152/jappl.1984.57.6.1688
http://bjsm.bmj.com/

	Hydration for the Tokyo Olympics: to thirst or not to thirst?
	References


