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Altitude Training ….Doping?   
    What are the WADA rules 
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List of prohibited substances & methods 
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IOC Consensus on … 
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IOC Consensus on … 
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Intermittent hypobaric hypoxia 
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LHTL normobaric hypoxia 
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WADA Statistics 
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WADA Statistics 



Biological passport to solve the problem 
of blood doping ? 
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A bit of History 
1997: No Start Rule 

 

1997 in cycling:  
NO START Rule:  50% 
 
 
 
Later based on Hgb  : 170 g/l 
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Large betweenrider variance  

Hgb 
Population mean value is 149 g/L for males and 
133 g/L for females 
 
Betweenrider variance = 57.2g/L 
 
Withinrider variance = 28.2g/L 
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Hgb Distribution  

Hgb 



Haemoglobin:  
from population to athlete-specific 
values Population limit  = 170 

Male population mean = 149 

False negatives 

False positives 

No Start 
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Hgb Distribution  



Hgb: from population  
   to athletespecific values 

athlete with naturally low hgb 

maximal value 

differentiation based on 
previous test history 

expected values 

athlete with medium hgb  athlete with naturally high hgb 



 
  
 
 1 :  Individual 
 
 2 :  Longitudinal 
 

 
 Based on an adaptive model  
 
  Defines normal individual limits for biological 

parameters 
 

 
 

Main principles of the athlete passport  
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 Heterogeneous/confounding factors  
 for Hgb and OFFScore:  
 
 
- (1)   gender (fixed factor) 
- (2)   ethnic origin (fixed factor)  
- (3)   age (fixed factor) 
- (4)   altitude (time-varying factor) 
- (5)   type of sport (fixed factor) 
   
 

 
 

 

Principles of the blood passport  
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Normal hematological passport 
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Principles of the blood passport  
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At Sea level 
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At 2200m altitude 
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Examples of Blood passports 



Examples of Blood passports 



Examples of Blood passports 



Limitations to ABP ? 
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Blood doping 
Biomarkers:  
 
 
 
Tool to measure the 
prevalence of blood 
doping 
 
IAAF Blood tests: 
2001  2009 
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Micro-doses EPO 

No doping 

Distribution Functions 



Caucasian Female Endurance Athlete 
 2005  2008 
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Prevalence M2: 
Assumption of rhEPO microdoses  
  

Sottas et al, 2011 

Prevalence of  blood doping in Athletics 

Blood tests 2001-2009 

Mean: 12% 
Country A : 78% 
Country B:  1% 



The Ethics of Altitude Simulation in Sport 
Does altitude simulation technology impart an unfair advantage to the adopters  
of the technology? 

Will the use of altitude simulation technology result in guaranteed  
increases in performance? 
 
Does the use of altitude simulation technology result in supra-physiological  
performance enhancement? 

Is the manipulation of the environment something that should be banned? 
 

NO! 

Altitude Training: Natural Doping? 
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Thank you ! 


