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Thermal stress, such as cold and heat, influences blood volume distribution, blood flow, blood pressure, vascular 
conductance, heart rate, and cardiac output, all of which modulate the delivery of oxygen (O2) to peripheral 
tissues.  In a cold environment, the primary thermoregulatory response is rapid peripheral vasoconstriction of 
blood vessels of the skin, limiting blood flow and O2 availability to the nearby tissues, including muscles.  
Fluctuations in O2 delivery to skeletal muscles, and O2 extraction in the mitochondria during cold exposure 
further govern mechanisms regulating energy metabolism.  Hypoxic and blood delivery hindering studies have 
demonstrated the relationship between oxygen availability and metabolism of human skeletal muscles.  
Nonetheless, under cold stress and exercise, there is an increase in fat oxidation, despite a reduction in peripheral 
blood flow and oxygen availability. Exercise and thermal metabolism are independently well studied and 
understood.  The effects of altered O2 delivery to skeletal muscles and O2 extraction in mitochondria, and their 
combined influence on energy metabolism in skeletal muscle, in extreme environments during exercise, 
presents novel research challenges in the field of environmental physiology. 

• Blood flow, and thereby oxygen content, to muscles are regulate by three factors: 1) muscle 
contractions, 2) metabolic demand, and 3) sympathetic nervous activity, all increasing during 
exercise. 

• Exercise lowers muscle tissue oxygenation (as a function of blood volume to volume of oxygen) by 
increasing oxygen demand and uptake.  When performed in a cold environment, and with muscle 
cooling, tissue oxygenation during exercise is further lowered via vasoconstriction and lower 
oxygen availability. 

• Muscle cooling decreases oxygen diffusion coefficient, limiting the ability of oxygen to cross the 
capillary barrier into the cell.  

• During exercise in a cold environment, lipid oxidation increased, with or without alteration in non-
esterified fatty acids (NEFA), glycerol, or catecholamine availability.   

 

Questions 

 

1. What are some of the metabolic differences between resting and exercise in the cold? 
 

2. What are the influences of exercise intensity on the energy metabolism responses seen in the cold? 
 

3. Name three oxidative changes observed in skeletal muscles under cold stress. 
 

4. Define metabolic flexibility and explain how, or if, it is influenced by cold exposure.  
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