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PRESENTATION	  OUTLINE	  

•  Basics	  of	  thermoregula>on	  
•  Heat	  produc>on/dissipa>on	  
•  Heat	  illness	  

•  Influence	  of	  heat	  stress	  on	  exercise	  performance	  
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•  Mechanisms	  of	  fa>gue	  (how	  and	  why)	  
•  Thermal	  and	  cardiovascular	  strain	  
•  Countermeasures	  



THERMOREGULATION	  

•  Human	  body	  temperature	  ~37.0ºC	  
•  Hypothalamus	  integrates	  signals	  from	  skin	  and	  deep	  core	  

thermosensors	  

	  
•  Exercise,	  fever,	  ambient	  condi>ons,	  medica>on	  



THERMOREGULATION	  –	  SET	  POINT	  
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Res3ng	  core	  temperature	  	  36.5°C	  –	  37.5°C	  

Intense	  shivering	  and	  impaired	  coordina>on	  

Violent	  shivering,	  speech	  and	  thought	  impaired	  

Decreased	  shivering,	  erra>c	  movements,	  incoherent	  

Muscular	  rigidity,	  semiconscious	  

Unconscious,	  cardiac	  arrhythmias	  

Thermoregula>on	  absent	  



EXERTIONAL	  HEAT	  ILLNESS	  
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BEHAVIOURAL	  THERMOREGULATION	  	  

•  Responses:	  posture,	  clothing,	  seek	  shade,	  voluntary	  movement	  

Physical	  Environment	  

Human	  Thermal	  Environment	  
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Deep	  Body	  Sensors	  
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PERFORMANCE	  IN	  THE	  HEAT	  

Ely	  et	  al.	  (2007)	  Med	  Sci	  Sports	  Exerc	  	  

Impact	  of	  weather	  on	  marathon	  performance	   Marathons	  
Various	  WBGTs	  

*WBGT:	  wet-‐bulb-‐globe	  temperature	  index	  (temperature,	  humidity,	  solar	  radia>on	  and	  wind)	  



PERFORMANCE	  IN	  THE	  HEAT	  
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750	  kJ	  cycling	  3me	  trial	  
COOL:	  18°C	  -‐	  40%	  RH	  
HOT:	  35°C	  -‐	  60%	  RH	  

Impact	  of	  heat	  on	  cycling	  performance	  

Périard	  &	  Racinais	  (2015)	  Scand	  J	  Med	  Sci	  Sports	  
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PERFORMANCE	  IN	  THE	  HEAT	  

175	  

200	  

225	  

250	  

275	  

300	  

325	  

350	  

375	  

10	   20	   30	   40	   50	   60	   70	   80	   90	   100	  

Po
w
er
	  o
ut
pu

t	  (
W
)	  

Percent	  distance	  completed	  (%)	  

Cool	  
Hot	  1	  
Hot	  2	  
Hot	  3	  

* 

§ 

†

Racinais	  et	  al.	  (2015)	  Med	  Sci	  Sports	  Exerc	  

43.4	  km	  cycling	  3me	  trial	  
COOL:	  8°C	  -‐	  30%	  RH	  
HOT:	  36°C	  -‐	  15%	  RH	  

Impact	  of	  heat	  on	  cycling	  performance	  



PERFORMANCE	  IN	  THE	  HEAT	  
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Périard	  et	  al.	  (2014)	  Br	  J	  Sports	  Med	  
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Match-‐play	  tennis	  in	  the	  heat	  
2	  x	  10	  min	  Effec3ve	  play	  
COOL:	  22°C	  -‐	  70%	  RH	  
HOT:	  37°C	  -‐	  35%	  RH	  

Match	  characteris3cs	  
-‐  Aces	  &	  double	  faults	  (%)	  
-‐  Point	  dura3on	  
-‐  Number	  of	  points	  
-‐  Number	  of	  games	  
-‐  Between	  point	  dura3on	  (~10	  s)	  
-‐  Effec3ve	  playing	  (~3.5%)	  
	  
	  



PERFORMANCE	  IN	  THE	  HEAT	  

33.3	  km.h-‐1	  

32.1	  km.h-‐1	  

Sprint speed 

10.3	  km	  /	  2.2	  km	  	  

9.6	  km	  /	  1.7	  km	  

Total / High intensity 
running distance 

74%	  

66%	  
Successful 

crosses & passes 

Compe33ve	  match	  
Cool:	  21°C	  
Hot:	  43°C	  

~	  12	  sprints	  

Number / Distance 
sprints 

~	  20	  m	  

Mohr	  et	  al.	  (2012)	  PLoS	  One	  

Football	  match	  in	  in	  the	  heat	  (Doha)	  



DOHA	  YEARLY	  TEMPERATURE	  
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TEMPERATURE	  REGULATION	  AND	  PERFORMANCE	  

	  	  	  	  	  	  	  	  	  	  Cool	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Hot	  

O2	  delivery	  	   Heat	  dissipa3on	  



CARDIOVASCULAR	  STRAIN	  IN	  THE	  HEAT	  

66%	  	  	  	   83%	  

•  Exercising	  at	  the	  same	  absolute	  work	  load	  is	  rela>vely	  harder	  

Rowell	  (1974)	  Physiol	  Rev	  	  

Cool	   Hot	  

HR:	  195	  

HR:	  195	  

SV:	  114	  

a-‐vO2diff:	  16.6	  

SV:	  95	  

a-‐vO2diff:	  16.2	  

Fick	  Equa>on:	  
VO2max	  =	  Q	  x	  a-‐vO2diff	  
	  
Q	  =	  cardiac	  output	  
a-‐vO2diff	  =	  arteriovenous	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  oxygen	  difference	  	  



THERMAL	  AND	  CARDIOVASCULAR	  STRAIN	  

40	  km	  cycling	  3me	  trial	  
COOL:	  20°C	  -‐	  40%	  RH	  
HOT:	  35°C	  -‐	  60%	  RH	  

Périard	  et	  al.	  (2011)	  Exp	  Physiol	  	  



THERMAL	  AND	  CARDIOVASCULAR	  STRAIN	  

•  Thermoregulatory-‐mediated	  rise	  in	  
cardiovascular	  strain:	  	  
↓	  sustainable	  and	  maximal	  VO2	  	  
↓	  sustainable	  and	  maximal	  power	  output	  
↑	  rela>ve	  exercise	  intensity	  

40	  km	  cycling	  3me	  trial	  
COOL:	  20°C	  -‐	  40%	  RH	  
HOT:	  35°C	  -‐	  60%	  RH	  

Périard	  et	  al.	  (2011)	  Exp	  Physiol	  	  



THERMAL	  AND	  CARDIOVASCULAR	  STRAIN	  

4	  x	  15	  min	  Time	  Trials	  
COOL:	  18°C	  -‐	  40%	  RH	  
HOT:	  35°C	  -‐	  60%	  RH	  

Périard	  &	  Racinais	  	  (2015)	  J	  Appl	  Physiol	  



THERMAL	  AND	  CARDIOVASCULAR	  STRAIN	  

•  Exercise	  is	  regulated	  by	  maintenance	  of	  rela>ve	  intensity	  within	  
narrow	  range	  	  

•  In	  response	  to	  sensory	  informa>on	  stemming	  from	  a	  thermal	  
strain-‐mediated	  increase	  in	  cardiovascular	  strain	  

4	  x	  15	  min	  Time	  Trials	  
COOL:	  18°C	  -‐	  40%	  RH	  
HOT:	  35°C	  -‐	  60%	  RH	  

Périard	  &	  Racinais	  	  (2015)	  J	  Appl	  Physiol	  



THERMAL	  AND	  CARDIOVASCULAR	  STRAIN	  

Flouris	  and	  Schlader	  (2015)	  Scand	  J	  Med	  Sci	  Sports	  



COUNTERMEASURES	  –	  HEAT	  ACCLIMATION	  
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Periard	  et	  al.	  (2015)	  Scand	  J	  Med	  Sci	  Sports	  



COUNTERMEASURES	  –	  HYDRATION	  

•  Hydrate	  before,	  during	  and	  amer	  exercise	  
•  Consume	  6	  ml	  per	  kg	  of	  body	  mass	  every	  2-‐3	  h	  to	  

start	  exercise	  euhydrated	  	  
•  6	  x	  70	  =	  420	  ml	  

•  Drink	  150-‐200	  ml	  every	  15-‐20	  min	  during	  exercise	  
•  Cold,	  low	  sugar	  drink	  with	  sodium	  (salty	  sweaters)	  

•  Recovery	  hydra>on	  regimens	  should	  include	  
sodium,	  carbohydrates	  and	  protein	  



COUNTERMEASURES	  –	  PREVENTING	  HEAT	  ILLNESS	  

•  Op>mise	  physical	  fitness	  before	  exercise	  in	  the	  heat	  
•  Awareness	  of	  early	  symptoms	  of	  heat	  illness	  
•  Avoid	  heavy	  exercise	  in	  the	  heat	  during:	  

•  Infec>on	  (fever)	  
•  Insufficient	  sleep	  
•  Glycogen	  deple>on	  or	  hypoglycaemia	  

•  Schedule	  sessions	  in	  cooler	  parts	  of	  day	  
•  Cancel	  or	  postpone	  exercising	  in	  extreme	  heat	  (>36ºC)	  



SUMMARY	  

•  Basics	  of	  thermoregula>on	  
•  Autonomic	  and	  behavioural	  thermoregula>on	  
•  Understand	  and	  recognize	  heat	  illness	  

•  Influence	  of	  heat	  stress	  on	  exercise	  performance	  
•  Decrease	  in	  endurance	  performance	  
•  Increase	  in	  brief/explosive	  tasks	  
•  Heat	  stress	  influences	  percep>on	  

•  Pathways	  of	  fa>gue	  in	  the	  heat	  	  
•  Thermal	  and	  cardiovascular	  strain	  interact	  
•  Increase	  in	  rela>ve	  exercise	  intensity	  
•  Countermeasures	  



THANK	  YOU	  

•  Aspire	  Zone	  Founda>on	  
•  QNRF	  –	  Junior	  Scien>sts	  Research	  Experience	  Program	  


