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Many diseases associated w/decrease HRV 
• Poon et al, Decrease of cardiac chaos in congestive heart failure, Nature, 1997. 
• Carney et al, Depression, heart rate variability, and acute myocardial 

infarction, Circulation, 2001. 
• Malpas et al, Heart-rate variability and cardiac autonomic function in 

diabetes, Diabetes, 1990. 
• Pontet et al, Heart rate variability as early marker of multiple organ 

dysfunction syndrome in septic patients, Journal of critical care, 2003. 
• Tateishi et al, Depressed heart rate variability is associated with high IL-6 

blood level and decline in the blood pressure in septic patients, Shock, 2007. 
• Roche et al, Depressed heart rate variability is associated with high IL-6 blood 

level and decline in the blood pressure in septic patients, Circulation, 1999. 
• Kleiger et al, Decreased heart rate variability and its association with 

increased mortality after acute myocardial infarction, Am Journal of  
Cardiology, 1987. 

• Liao et al, Age, race, and sex differences in autonomic cardiac function 
measured by spectral analysis of heart rate variability, Am Journal of 
Cardiology, 1995. 
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• fractals? 
• chaos? 
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Seeking mechanistic explanations 

  
• fractals? 
• chaos? 

System Constraints and Tradeoff? 
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Why? • Proximal cause: Autonomic 
nervous system balance 

• Between sympathetic and 
para-sympathetic 

• Deeper why: evolution 
and physiology 

• Accident or necessity? 
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Organized complexity, circa 1972 
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Universals 

low variability outputs  
+ large disturbances 
⇒ high variability controls 
 
• Independent of variability measure 
• Universal in biology and technology 
• Most important nonlinearity is actuator saturation 

+ 
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•  Aerobic models can be way off at high watts 
•  Can still fit with simple “black box” models, but… 
•  Need nonlinear dynamics 
•  Mechanistic models?      (Redox )  

•  Need anaerobic mechanisms 
•  Control of arterial pH is critical (and hard to model) 
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model 

2nd  order 
nonlinear fit 
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