
Physiological and Medical Considerations for 
Altitude Training & Heat Acclimatization



Session Overview

• Planning & Key Dates

• What Is Altitude
• The What, How and Timeline

• Medical Considerations for Altitude
• Nutritional Strategies for Altitude and Iron

• Heat Acclimatization
• The What, How and Timeline

• Medical Considerations for Heat
• Nutritional Strategies for Heat

• Scheduling Your 2024



Being 
equipped/ 

prepared to 
be at your 

best at the 
Games

• Planning back from 
Major Championships

• Thinking beyond 
Qualification

• Communicating Plans 
with APA’s and NTU

• Using APA’s to help 
connect you with 
specific expertise in the 
planning process (e.g. 
Ollie for heat mitigation, 
heat adaptation 
strategy)



Key Dates

*New in 2024* If you withdraw from the camp after you have confirmed your 
attendance (camp manager will confirm shortly after the registration deadline), 
without a justifiable reason (e.g. injury, illness), you will agree to pay a fee of 
minimum $500 (see registration form for more details).

Jan 15, 2024 – Chula Vista Confirmation Deadline

Feb 1, 2024 – Flagstaff Confirmation Deadline

TBD – Confirmation Deadline for Olympic/ Paralympic Holding Camps

Mar 13 - Mar 31, 2024 - Chula Vista, California -Integrated (Olympic/Paralympic), Endurance, Throws

Apr 11 – May 2, 2024 - Flagstaff, Arizona - Integrated (Olympic/Paralympic), Endurance

Jun 27 – Jun 30, 2024 – Canadian National Championships, Montreal

July 9 – Aug 6, 2024 – Pre-Olympic Altitude Camp, St Moritz

July 17 – Aug 5, 2024 – Pre-Olympic Holding Camp, Barcelona

July 26 – Aug 11, 2024 – Olympic Games

Aug 16 – Aug 30, 2024 – Pre-Paralympic Holding Camp, Barcelona

Aug 28 – Sep 8, 2024 - Paralympic Games



Altitude



Altitude – What Is It?

• How high above sea level we are
• The higher the altitude, the lower the atmospheric pressure
• Making it harder for the body to transfer oxygen into the blood
• Reduction in available oxygen

• This stimulus triggers an increased production of EPO
• Resulting in more red blood cells being created to support better 

transportation of oxygen
• Increasing efficiency of transporting oxygen around the body 



Adaptations To Altitude

• Hb mass         

• Muscle adaptation
• Buffering capacity
• Mitochondria

• Respiratory cost of breathing

• Economy / efficiency of movement

increased O₂ transport



Why Does All Of This Matter?

• Carry more oxygen and deliver energy more 
aerobically when racing
• Sparing anaerobic stores for surges and the kick

• Better buffer acidosis from surging in races

• Able to complete high volumes of quality training on 
return to sea level (Flagstaff camp)



Altitude – Oxygen Absorption in the Blood



Acclimation To Altitude



How Long To Stay & How High To Go….

Levine and Strav-Gundersen. 2006



Flagstaff

• 2,130m
• 6,990ft

• Effective oxygen 16.3%

• Essentially 77% of oxygen available at sea level



St Moritz

• 1,830m
• 6,000ft

• Effective oxygen 16.9%

• Essentially 80% of oxygen that’s available at sea level



Improvements In Performance

• Meta-analysis of sea level performance following adaptation to 
hypoxia
• Some variability on performance, most being positive

Bonetti & Hopkins, Meta-analysis of sea level performance following adaptation to hypoxia. Sports Medicine 2009. 39: p. 107-27 



Considerations for Altitude
Good Timing

Maximized Hb 
mass

Reduced cost 
of breathing

Increased 
training 
capacity

Bad Timing

Elevated Hb mass

Increased cost of 
breathing

Recovery from high 
quality training??

Hormonal 
adaptations??

Good Timing

Decreased Hb mass

Reduced cost of 
breathing

Adaptation to high 
quality training days 1-

7??

Hormonal 
adaptations??



Considerations for Altitude

• If using altitude as final phase preparation, we strongly recommend 
competing in the 2nd altitude window (approx. 14 days)
• This provides the opportunity for heat acclimatization 

• Coming to an altitude camp prepared and healthy

• Utilizing monitoring support available while on camp

• Ensuring camps and training plans for the camps are well planned



Potential Negative Effects of Low Iron Status



Altitude: Medical Considerations

Common symptoms at altitude: Part 1
• Headache
• GI symptoms

• Nausea/poor appetite, diarrhea
• Dizziness
• Shortness of breath with light activity 

• Begin shortly after arrival
• Usually resolved after 48hrs of exposure
• Avoid intense exercise in first 2-3 days
• Maintain good nutrition to avoid low energy availability, which can exacerbate these 

symptoms and blunt adaptation
• Iron supplementation is required, unless directed by a physician 



Altitude: Medical Considerations

Common symptoms at altitude: Part 2
• Elevated heart rate
• Increased rate of breathing
• Poor sleep
• Dehydration

• In part due to increased rate of breathing

• These typically are present throughout a training camp.
• Good hydration is important

• Need to plan for this
• Focus on good sleep hygiene

• Cool dark room
• Light exercise in the late afternoon
• Avoid alcohol and other drugs



Altitude: Medical Considerations

Signs of serious illness at altitude
• Ataxia 

• Loss of coordination
• Severe headache
• Vision changes or slurred speech
• Severe shortness of breath

• These are not common and may suggest more serious physiologic 
decompensation 
• Follow up with immediate medical assessment
• Treatment includes moving to lower altitude (if medically stable)



Strategies 
to 

maximize 
iron 

status

§ Optimize iron through food. Animal iron sources 
are more absorbable than plant iron sources.  
Enhance iron intake through cooking equipment: 
Cast iron frying pans or Lucky Fish.

§ Supplement with iron, pre-altitude. Establish an 
individual iron supplementation routine. E.g. 
single dose iron supplement, 30 minutes before 
bed. 

§ Avoid iron inhibitors: coffee/tea, dairy, high 
fiber, 3-6 hrs post-exercise.

§ Enhance Iron absorption: Pair iron-rich foods and 
supplement with Vitamin C food sources. Avoid 
antioxidant supplements.

Sim, M., Garvican-Lewis, L. A., Cox, G. R., Govus, A., McKay, A. K. A., Stellingwerff, T., & Peeling, P. (2019). Iron considerations 
for the athlete: a narrative review. European journal of applied physiology, 119(7), 1463–1478.



5 Nutrition tips to support 
performance benefits of altitude 

1. Check-in on Energy Availability (EA) NOW.  Are you eating enough? Make sure EA in a good place, 
so your body is ‘equipped’ to gain the performance benefits of altitude. 

2. Increased energy requirements (?) Add a 300 calorie snack.
3. Increased carbohydrate requirements (?) Make meals >50% carbohydrate sources.
4. Manage side effects of altitude: lack of appetite?  Reduced thirst? Nausea? 

Constipation/Diarrhea? Eat every 3 hours, low fiber carbohydrate foods and fluids often, such as 
smoothies, juice, yogurt/kefir drinks, carbohydrate rich sports drink

5. Hydrate.  Altitude? Flight? Increase your fluids on top of your current intake. Drink fluids with all 
meals and snacks; salt food, and choose 3rd party tested electrolytes to help with the retention of 
fluid. Use thirst and urine color as a guide.

Stellingwerff, T., P. Peeling, L.A. Garvican-Lewis, R. Hall, A.E. Koivisto, I.A. Heikura, and L.M. Burke (2019b). Nutrition and altitude: strategies 
to enhance adaptation, improve performance and maintain health – a narrative review. Sports Med



Heat Acclimatization



Heat – What Is It?

• As temperatures increase our body works harder to keep itself in 
homeostasis (stability)

• When we run, muscle contractions produce heat (a lot of heat)

• Our body is now working double time to regulate core temperature

• This is further impacted if humidity is high

• Sweating is our primary and most effective way of dissipating heat while 
we are running

• Conduction is our friend 



Paris Climate - Olympics

Athletics – August 1st – August 11th

Average high temperatures range from 20 to 32C with the average humidity 67% for a “feels” (HUMIDEX) of 
~24 – 44C on most days



Paris Climate - Olympics

Athletics – August 1st – August 11th

Temperatures fall during the evening in Paris.
Between 8-11am on August 10th & 11th, temperatures were 21-24C



Paris Climate - Paralympics

Athletics – August 30th – September 8th

Average high temperatures range from 21 to 23C with the average humidity 60% for a “feels” (HUMIDEX) of
~24 – 27C on most days (40C)



Paris Climate - Paralympics

Athletics – August 30th – September 8th

Temperatures fall during the evening in Paris.
You can see temperatures can still be above 30C in September



Heat Waves

Athletics – August 1st – August 11th

Paris will stay cooler than much of central and southern Europe. 
We continue to monitor weather forecasts but a need to be prepared



Which Events Are Most Effected By Heat?



Key Heat Performance Strategies

• A well-monitored 10-14 day heat-acclimation camp prior to Paris will 
maximize heat acclimation and performance outcomes
• And minimizing potential heat health issues

• Implement heat mitigating strategies, e.g. Pre-cooling (ice vest, etc), 
During-Cooling (if possible, during long races or during field events), 
Post-Cooling (ice vests, cold tubs)

• Current data suggests NOT to simultaneously undertake heat and 
altitude, but instead undertake them sequentially



IAAF Points Scoring For Heat Acclimation



So What Can We Do - Adaptation to Heat

• Repeated exposure to heat stress
• Training in heat which increases core body temperature 

and skin temperature
• This will increase sweating rates to dissipate heat and 

control core body temperature
• Speed up the onset of sweating so our body works to 

combat the heat stress quicker
• Increase in plasma volume to support dissipating heat
• Thermal comfort improves
• Exercise capacity increases as a result of all of these



Heat Acclimatization Time Course

Periard., et al Adaptations and mechanisms of human heat acclimation: Applications for competitive athletes and sports. Scandinavian Journal of Medicine and 
Science in Sports Suppl 2015. 1(25): p. 20-38 



Considerations for Heat Acclimatization

• If using altitude as final phase 
preparation, we strongly recommend 
competing in the 2nd altitude window 
(approx. 14 days)
• This provides the opportunity for heat 

acclimatization 

• Going straight from altitude into the 
holding camp in Barcelona for 10-14 
days of heat 



Heat: Medical Considerations

Signs of heat illness
• Dizziness 
• Muscle cramps
• Decreased tolerance to heat
• Poor performance

• Treatment
• Immediate cooling

• Immersion if available, ice packs/towels if immersion not available
• Rest, gentle stretching 
• Good hydration

• Recovery from heat stress can take a few hours to days and must be 
managed 
• Best approach: prevention via good acclimatization protocol



Heat: Medical Considerations

• Signs of more serious heat illness: Heat exhaustion
• Severe fatigue
• Nausea/vomiting/diarrhea
• Headache
• Ataxia (loss of coordination)
• Weakness, unable to exercise
• Irritability

• Recovery from heat exhaustion can day weeks to months 
• Which can lead to premature end of the season

• The presence of these symptoms should be considered a medical emergency
• Medical care should be sought immediately unless cold immersion is immediately 

available
• Further heat exposure can lead to Heat stroke

• disorientation and athlete collapse
• Heat stroke can lead to death



5 Nutrition tips to support 
performance benefits of heat

1. Check-in on Energy Availability (EA) NOW.  Are you eating enough? Make sure EA in a good place.
2. Increased carbohydrate requirements in heat. Make meals >50% carbohydrate sources, focus on 

carbohydrate rich fluids/foods/gels pre, during and post training/racing.
3. Manage side effects of heat: lack of appetite?  Reduced thirst? Nausea? Constipation/Diarrhea? 

Eat every 3 hours, low fiber carbohydrate foods and fluids, such as smoothies, juice, yogurt/kefir 
drinks, carbohydrate-rich sports drink.

4. Hydrate.  Hot environment? Flight? Increase your fluids on top of your current intake. Consume 
cool fluids pre, during and post training. Drink fluids with all meals and snacks; salt food, and 
choose 3rd party tested electrolytes to help with the retention of fluid.  Use thirst and urine color 
as a guide.

Saunders, P. U., Garvican-Lewis, L. A., Chapman, R. F., & Périard, J. D. (2019). Special Environments: Altitude and Heat. International journal of sport nutrition and 
exercise metabolism, 29(2), 210–219



Plan Your 2024 Out

• If you are planning to use St Moritz and altitude, we strongly recommend using an altitude camp earlier in 
the year

• Especially if you are new to altitude

• Altitude in final phase should only be used by those with previous altitude exposures and is planned

• There will be an Athletics Canada camp in Flagstaff in April

• Consult with Dr. Paddy McCluskey regarding blood work 

• Blood work should be completed prior to an altitude camp and allow enough time for action of 
supplementation

• Iron supplementation is required, unless directed by a physician

• We recommend all athletes to attend the holding camp in Barcelona for a minimum of 10 days to be best 
prepared for the Olympics



Calendar 
2024 JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER

8 15 22 29 5 12 19 26 4 11 18 25 1 8 15 22 29 6 13 20 27 3 10 17 24 1 8 15 22 29 5 12 19 26 2 9 16 23 30 7 14 21 28

Heat and Altitude Scheduling 2024 (Olympics)

Altitude Camp

Early Season 
Altitude Block

Victoria - Training 
Block 

March

AC Warm 
Weather Camp 
– Chula Vista

March 13 - March 31

AC Altitude 
Camp- 

Flagstaff
April 11 - May 2 

CDN 
Champs

June 27 - 30

OLY Team 
Confirmed

July 9 – Aug 6

OLY 
Games

July 17 – Aug 5

Min. 3 Days Pre-Comp

Final Phase 
Camp - 

Barcelona

AC Altitude 
Camp- St. 

Moritz

10 - 14 Days Pre-Comp 
if competing in 2nd 
altitude window

Min. 7-10 days for 
heat Acclimation

Min. 14 Days at 
Altitude

July 26 – Aug 11

To Do’s
• Declare for Camps

• Confirm plans with APA 
and Team Manager

• Withdraw by deadline if 
not attending camps

• Blood Work before 
altitude

• Put Heat Strategy in place



Calendar 
2024 JANUARY FEBRUARY MARCH APRIL MAY JUNE JULY AUGUST SEPTEMBER OCTOBER

8 15 22 29 5 12 19 26 4 11 18 25 1 8 15 22 29 6 13 20 27 3 10 17 24 1 8 15 22 29 5 12 19 26 2 9 16 23 30 7 14 21 28

Heat and Altitude Scheduling 2024 (Paralympics)

Altitude Camp

Early Season 
Altitude Block

Victoria- Training 
Block 

March

AC Warm 
Weather Camp 
– Chula Vista

March 13 - March 31

AC Altitude 
Camp- 

Flagstaff
April 11 - May 2 

CDN 
Champs

June 27 - 30

PARA Team 
Confirmed

TBD

Paralympic 
Games

Aug 16 – Aug 30

Min. 3 Days Pre-Comp

Final Phase 
Camp - 

Barcelona

Altitude 
Camp

10 - 14 Days Pre-Comp 
if competing in 2nd 
altitude window

Min. 7-10 days for 
heat Acclimation

Min. 14 Days at 
Altitude

To Do’s
• Declare for Camps

• Confirm plans with APA 
and Team Manager

• Withdraw by deadline if 
not attending camps

• Blood Work before 
altitude

• Put Heat Strategy in place

Aug 28 – Sep 8



Contact Details

• APA – Heather Hennigar
hhennigar@athletics.ca

• Physiologist – Ollie Armstrong
oarmstrong@csiontario.ca

• Registered Dietician – Jessalyn O’Donnell
jodonnell@csipacific.ca

• Chief Medical Officer – Dr. Paddy McCluskey
pmccluskey@csipacific.ca

mailto:hhennigar@athletics.ca
mailto:oarmstrong@csiontario.ca
mailto:jodonnell@csipacific.ca
mailto:pmccluskey@csipacific.ca


Questions


