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Baron Pierre de Coubertin 

Founder of the Modern Olympic Games 

“The important thing in the Olympic 
Games is not to win, but to take part; the 
important thing in Life is not to triumph 

but to have fought well”. 

“There is no higher ideal for the human 
race, than promoting peace through 

international sport.” 
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USOC Sport Science Center of Excellence  
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Strength + Conditioning 
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Sports Medicine 
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         Team USA Altitude Training Network 

Colorado Springs / Boulder, CO 
1900-2775 m / 6230-9100 ft 

Park City, UT 
2500 m / 8200 ft 

Flagstaff, AZ 
2135 m / 7000 ft 

Mammoth Lakes, CA 
2440 m / 8000 ft 

Steamboat Springs, CO 
2052 m / 6728 ft 

Albuquerque, NM 
1620+ m / 5314+ ft 

Alamosa, CO 
2300 m / 7544 ft 

Chula Vista, CA 
21 m / 70 ft 

http://images.google.com/imgres?imgurl=http://www.lapostcard.com/images/us-flag-stars-top-r2.jpg&imgrefurl=http://www.lapostcard.com/Contact.html&h=456&w=753&sz=99&tbnid=WlG0cDvdeuGsHM:&tbnh=84&tbnw=140&hl=en&start=4&prev=/images?q=US+flag&svnum=10&hl=en&lr=&sa=G


“Altitude” defined 

LOW Altitude 
<1500 m 

MODERATE Altitude 
1500 - 3000 m 

HIGH Altitude 
3000 - 7500 m 

EXTREME/LETHAL Altitude 
>7500 m 
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ALTITUDE / HYPOXIC TRAINING 

LH  +  TH 



0.005% 
27:18.20 

27:18.29 

Gebrselaissie Tergat 



 Kenya 
 Great Rift Valley (2300 m) 



 Ethiopia 
 Great Rift Valley (2300 m) 

Addis Ababa 
2355 m 



 LH + TH 
 Kenya and Ethiopia 

Kenyan and Ethiopian Distance Runners:  
What Makes Them So Good? 
 
Randall L. Wilber and Yannis P. Pitsiladis 
June 2012  
 
[based on proceedings of 2011 ACSM Annual Meeting]  



 Kenyan and Ethiopian Distance Runners 
 Hypothetical Model for Success 

Biomechanical & Physiological 
Ectomorphic somatotype leading to exceptional 
biomechanical and metabolic economy.     



Psychological #1 
High motivation to succeed for the purpose of 
improving socio-economic status.  

Psychological #2 
“Tradition of Excellence” 

 Kenyan and Ethiopian Distance Runners 
 Hypothetical Model for Success 



Training #1 
Consistent aerobic training at young age as 
main method of transport to/from school.    

Training #2 
Moderate-volume, high-intensity training at 
altitude (2000-3000 m)  

 Kenyan and Ethiopian Distance Runners 
 Hypothetical Model for Success 
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 LH + TL 
 Theoretical Foundation 

      LH                              +                                  TL  

HEMATOLOGICAL PERIPHERAL 



ALTITUDE / HYPOXIC TRAINING 
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 Natural/Terrestrial Hypobaric Hypoxia 



 LH + TL 
 Natural/Terrestrial Hypobaric Hypoxia 

UTAH OLYMPIC OVAL  
1425 m / 4675 ft 

PARK CITY  
2500 m / 8200 ft 



 LH + TL 
 Natural/Terrestrial Hypobaric Hypoxia 
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 LH + TL 
 Natural/Terrestrial Hypobaric Hypoxia 

CAR Sierra Nevada 
2320 m / 7610 ft  

Granada 
738 m / 2421 ft  



 LH + TL 
 Natural/Terrestrial Hypobaric Hypoxia 

Muottas Muragl  
2500 m / 8200 ft 

St. Moritz  
1800 m / 5900 ft 



 LH + TL 
 Natural/Terrestrial Hypobaric Hypoxia 

Bogota  
2600 m / 8528 ft 

La Mesa  
1200 m / 3936 ft 



 LH + TL 
 Natural/Terrestrial Hypobaric Hypoxia 



ALTITUDE / HYPOXIC TRAINING 

LH  +  TH LH  +  TL 

Natural / Terrestrial 

O2 Filtration N2 Dilution 

Simulated 



 LH + TL 
 Normobaric Hypoxia via N2 Dilution  

2500m / 8200ft 

Nitrogen apartment 



 LH + TL 
 Normobaric Hypoxia via O2 Filtration  



 LH + TL 
 Normobaric Hypoxia via O2 Filtration  

DOHA  
10 m / 33 ft 

NIKE Oregon Project 
PORTLAND 

52.5 m / 173 ft 

BEIJING  
44 m / 144 ft 

CHULA VISTA  
21 m / 70 ft 

TOKYO  
8 m / 26 ft 



 Simulated Altitude 
 Legal and Ethical Issues 

Artificially-Induced Hypoxic Conditions: 
 
“In response to our stakeholders who requested that there be full consideration of  

hypoxic conditions in the context of  the Prohibited List, WADA performed a 

scientific and ethical review of  the matter, and engaged in a thorough consultation 

with experts and stakeholders.  While we do not deem this method appropriate for 

inclusion on the List at this time, we still wish to express the concern that, in 

addition to the results varying individually from case to case, use of  this method 

may pose health risks if  not properly implemented and under medical 

supervision.”  

 

          Richard Pound 
           WADA Chairman 
           September 16,  2006 
 



 Simulated Altitude 
 Legal and Ethical Issues 

Decree of the Italian Ministry of Health 
13.04.2005.  Section 5.  Subsection M.1 
03 June 2005 
 

. . .  “all hypobaric/hypoxic practices are currently prohibited in 

Italy” . . . 

2005 Giro d’Italia 
Stage 10 

18 May 2005 



 Simulated Altitude 
 Legal and Ethical Issues 

The International Olympic and Paralympic Committees 

have prohibited the use of  simulated altitude devices 

within the boundaries of  the Olympic Village since the 

2000 Sydney Olympics, and this mandate is expected to 

apply to all future summer and winter Olympic Games. 
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2010 PROHIBITED LIST 
M1.  ENHANCEMENT OF OXYGEN TRANSFER 

The following are prohibited: 

1) Blood doping, including the use of autologous, homologous or 

heterologous blood or red blood cell products of any origin. 

 

2) Artificially enhancing the uptake, transport or delivery of oxygen, 

including but not limited to perfluorochemicals, efaproxiral (RSR13) 

and modified haemoglobin products (e.g., haemoglobin-based blood 

substitutes, microencapsulated haemoglobin products), excluding 

supplemental oxygen.    



US Olympic Training Center:  Colorado Springs 
Athlete Performance Laboratory       1860 m / 6200 ft 

Supplemental O2 Training (LH + TLO2) 



USOC Sport Science Center of Excellence  
High Altitude Training Center 



 LH + TL 
 Hypobaric Normoxia via Supplemental O2 (LH + TLO2)  

UTAH OLYMPIC OVAL  
1425 m / 4675 ft Photo credit:  Dr. Andy Subudhi 



 LH + TL 
 Hypobaric Normoxia via Supplemental O2 (LH + TLO2)  

SOLDIER HOLLOW, UT  
1685 – 1750 m 
5528 – 5742 ft 

http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=HdZ419qjStX0dM&tbnid=Nfd45nDbm0qngM:&ved=0CAgQjRwwAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FU.S._Biathlon_Association&ei=2skgUr37FMegiALxioHIDA&psig=AFQjCNH7Z-VJ42_q1UiW5V0muLxYmjWV9A&ust=1377966938374220
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 Hypobaric Normoxia via Supplemental O2 (LH + TLO2)  
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O2 Filtration N2 Dilution 

Simulated 
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LL  +  TH 
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 LL + TH 
 Intermittent Hypoxic Exposure (IHE) / Training (IHT) 

Intermittent Hypoxic Exposure (IHE) 

Altitrainer 200® 

Intermittent Hypoxic Training (IHT) 
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BEFORE Altitude Training Camp 



 Altitude Training 
 Contraindications 

 Poor level of fitness 

 Bacterial or viral infection 

 Fe-depleted 

 Fe-deficient non-anemia 

 Fe-deficient anemia 

 Sickle-cell trait or anemia 

 Medications that might affect the 

kidneys and EPO response 

 Medications that might 

exacerbate diuresis 

 Chronic sleep disorders 



O2 

O2 

O2 

O2 

Fe 

O2 



If serum Ferritin is low: 
 Attention to “heme Fe” in diet. 

 Moderate Fe supplementation 

• 120-130 mg “elemental Fe” divided into 2 doses 

• taken with Vitamin C 

• taken 30 min before or 60 min after meals to 
increase absorption and decrease GI distress   

• taken daily Ferrous sulfate 

IRON SUPPLEMENTATION 



IRON SUPPLEMENTATION 
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21 s slower (P<0.05) 

IDNA 



DURING Altitude Training Camp 



McArdle, Katch and Katch. Exercise Physiology p. 534, 1991 





ACCLIMATIZATION   =   Day 5 

NAME 
USA Biathlon 
Altitude Training Camp 
Antholz, ITALY (1644 m / 5392 ft) 
July 29 to August 7, 2010 

http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=HdZ419qjStX0dM&tbnid=Nfd45nDbm0qngM:&ved=0CAgQjRwwAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FU.S._Biathlon_Association&ei=2skgUr37FMegiALxioHIDA&psig=AFQjCNH7Z-VJ42_q1UiW5V0muLxYmjWV9A&ust=1377966938374220


  SEA LEVEL  

ALTITUDE 

TRAINING PROGRESSION 

Millet et al. Sports Med. 40:1-25, 2010 



↑ Submaximal HR 
↓ Maximal HR 



Respiratory H2O loss Urinary H2O loss 

DEHYDRATION 



Monitor dehydration 
 Post-WO total body weight (TBW) 
 Drink 10-12 oz fluid for every pound lost 
 Check post-WO urine color and/or urine specific gravity (USG)  

Hydration Status USG 

Well hydrated < 1.010 

Minimal dehydration 1.010 – 1.020 

Significant dehydration 1.020 – 1.030 

Serious dehydration > 1.030 







RL Wilber, J Stray-Gundersen & BD Levine. MSSE 39:1590-1599, 2007 
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AFTER Altitude Training Camp 



Millet et al. Sports Med. 40:1-25, 2010 Fuchs & Reiss. Trainerbibliothek 27:128, 1990 

 Return to Sea Level              



Millet et al. Sports Med. 40:1-25, 2010 Fuchs & Reiss. Trainerbibliothek 27:128, 1990 

 Return to Sea Level              



Annual Plan for Altitude Training 



US Olympic Training Center 
Colorado Springs      1860 m / 6200 ft 

ALLISON SCHMITT 
London 2012 
3 Gold medals 

US OLYMPIC TRAINING CENTER 
Aquatics Complex 

MICHAEL PHELPS 
Beijing 2008 

8 Gold medals 
22 Olympic medals 

MISSY FRANKLIN 
London 2012 

4 Gold medals 
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RBC  Hypoxic Ventilatory 
Response (HVR) 
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Buffering Capacity 

Physiological  
Benefits 
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Altitude Training  

SL Performance 
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Buffering Capacity  ↑ 

H+ Removal 

 H2O  +   CO2  



RBC  Hypoxic Ventilatory 
Response (HVR) 

Skeletal mm. 
Buffering Capacity 

Physiological  
Benefits 

Mitochondrial 
Efficiency 
Exercise  
Economy 





Altitude Training  

SL Performance 

Exercise Economy 

Mitochondrial 
Efficiency 



Caro, J.  High Altitude Medicine & Biology. 2:145-154, 2001 

NORMOXIA HYPOXIA 
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ALTITUDE / HYPOXIC TRAINING 

LH  +  TH LH  +  TL LL  +  TH 

Natural / Terrestrial 

O2 Filtration N2 Dilution Supplemental O2 

IHE IHT Simulated 



RBC  Hypoxic Ventilatory 
Response (HVR) 

Skeletal mm. 
Buffering Capacity 

Physiological  
Benefits 

Mitochondrial 
Efficiency 



McArdle, Katch and Katch. Exercise Physiology p. 534, 1991 
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Millet et al. Sports Med. 40:1-25, 2010 Fuchs & Reiss. Trainerbibliothek 27:128, 1990 

 Return to Sea Level              



MSSE, 39: 1610-1624, 2007 

www.humankinetics.com 

MSSE, 39: 1590-1599, 2007 

Altitude Training and Athletic Performance 



Gracias! 


