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Background 

• Pilots have to face the challenge of hypoxia during a flight mission.  

• Hypoxia result a decrease of cognitive function, thus deteriorate 
judgment. 

• Exercise might improve hypoxia tolerance. 

 



Hypoxia 

Hypoxia: Abnormal oxygenation 
• Histotoxic hypoxia 
• Hypemic hypoxia 
• Stagnant hypoxia 
• Hypoxic hypoxia 

• Deficiency in alveolar oxygenation. 
• Reduced oxygen partial pressure in inspired air. 

Reference: Fundamentals of Aerospace Medicine 4th ed. 



How Does Hypoxia Affect Pilot? 

• Reduce Visual Function 

• Cardiovascular and Respiratory Effect 

• Cognitive Impairment 
• Brain processing slow down 

• Intelligence↓ 

• Memory ↓ 

• Attention ↓ 

• Judgement ↓ 



Time of Useful Consciousness (TUC) 

• What is TUC/EPT? 

• How to determine TUC? 

• What are the common 
factors of TUC? 

Reference: Fundamentals of Aerospace Medicine 4th ed. 



Physical Activity(PA) 
 

• Body movement produced by muscle action that increases energy 
expenditure. 

• Exercise: repetitive and purposeful physical activity. 



Physical Fitness 

• How well one performs Physical Activity. 

• Physical fitness has proved associated with cardiovascular function. 

• Beneficial effect of physical fitness might result in better 
cardiovascular health and thus a better hypoxia tolerance and a 
longer TUC. 

 

 

Reference: McArdle Exercise physiology 6th ed. 



How Physical Activity Effect Your Body 

• Cardiovascular System Regulation 
• Cardiac Output(CO)=Heart Rate(HR)×Stroke Volume(SV) 

• a-vO2 difference 

• Brain Metabolism of Energy 

• Gas Exchange and Transport Efficiency 

 



Purpose 

• Determine the Relationship of Physical Activity and Time of useful 
consciousness (TUC): 
• Does TUC differ regards to different physical fitness level? 

• Does regular physical activity effect TUC? 

• Help military and civil aeronautics pilot preventive of hypoxia event. 

 

 



Method 



Subject 

• 81 air force healthy and active aircrew (72 men, 9 women, mean age 
29.6) recruited in the Aerospace Physiology Research Laboratory. 

• History of cardiovascular diseases or respiratory diseases was excluded. 

• File up physical activity questionnaire and collect physical fitness test 
results before the research. 



Physical Activity Questionnaire 



Physical Fitness Test 

Sit Up, Push Up and 3000m run 



Hypobaric Chamber 

• Type V cabin flight simulate 25,000 ft altitude. 

•  After entering the cabin, they will inhale 100% oxygen for 
denitrogenation to prevent decompression sickness.  

• Cabin pressure reaches 25,000 ft. Subjects will be removed from the 
oxygen mask and start experience hypoxia.  



TUC Determination 

• Subject will be asked to perform logical, arithmetic tasks from the 
beginning of hypoxia exposure. 

• Subject SpO2 monitored. 

• Termination 
• Subject SpO2 falls below 65. 

• Subject can no longer perform easy logical tasks. (cognitive function decrease) 

• TUC is recorded. 

 



Statistical Analysis 

• Subject means and standard deviations were calculated for 
demographics and physical fitness test results. 

• Linear regression is used to evaluate TUC and physical fitness 
test association.  

• Divide population into subgroups by age 21-30 and above 30. 



Results 



Linear Regression Result -1 



Linear Regression Result -2 



Linear Regression Result-3 

(A) (B) 

Figure 3. Relationship between TUC and physical parameters in different  ages. Correlation between TUC and 3000m run score under (r2 = 0.005, p = 

0.69) (A) or over (r2 = 0.37, p = 0.06) (B) 30 years old.  



Linear Regression Result-4 
(A 

(A) 

Figure 3. Relationship between TUC and physical parameters in different  ages. Correlation between TUC and push-up score under (r2 = 0.013, p=0.59) 

(A) or over 30 (r2 = 0.024, p = 0.62) (B).  

(B) 



Linear Regression Result-5 

(A) (B) 

Figure 3. Relationship between TUC and physical parameters in different  ages. Correlation between TUC and sit-up score under (r2 = 0.10, p = 0.13) 

(A) or over 30 (r2 = 0.028, p = 0.60)(B) .  



Discussion 



• Aviat. Med Journal 
• Indian Air Force 
• Physical fitness 

training at the 
altitude of 1850m 
improve TUC 
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• Plos One 
• Soichi Ando et al. 
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improvement 
effect on cognitive 
function. 



• 1995 

• Sports Medicine J 
Brandon LJ 

• Middle distance 
running suggests a 
better VO2 max and 
anaerobic threshold. 



Discussion 

 

 

• Exercise improves hypoxia cognitive function, but the mechanism is yet 
to be determined. 

• Physical fitness is measured by multiple methods. Most research 
suggests physical activity has a beneficial effect on hypoxia tolerance. 

• These previous research provides alternative methods to measure PA 
and TUC association. 

 



Limitation 

 

 

• Different gender with a different physical fitness level criteria should 
be separated. 

• Physical Fitness test result does not objectively represent subject 
physical fitness level. 

 



Conclusion 

• This research suggests a regular physical activity might enhance pilots 
hypoxia tolerance. A further evaluation to determine the mechanism 
is needed. 

 



Thank You For Listening! 
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