
Nutrition  
 for Sport and Exercise, Third Edition

Marie Dunford 

J. Andrew Doyle

© Cengage Learning 2015

3 Energy Systems and Exercise
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• Harris Benedict (RMR) 
• M: 66.5 + 13.8 x weight (kg) + 5 height (cm) – 6.8 x age (y) 
• F: 664 + 9.6 x weight (kg) + 1.8 height (cm) – 4.7 age (y) 

• Mifflin (RMR) 
• M: 10 x weight (kg) + 6.25 x height (cm) - 5 x age (y) + 5 
• F: 10 x weight (kg) + 6.25 x height (cm) - 5 x age (y) – 161 

• Cunningham (RMR) 
• 500 + (22 x FFM)

Formulas for Resting Metabolic Rate
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TDEEx = TDEE + TEF 

TDEE= REE + NEAT + ExEE 

REE (Resting Energy Expenditure) = 22 x FFM 
NEAT (Non Exercise Activity Thermogenesis) = REE x Activity Factor (.3 

light, .5 moderate, .7 heavy) 
ExEE = time x METs (or calories expended per min based on weight)  

TEF = TDEE x .06  to .10 (6-10%)

Total Daily Energy Expenditure
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3.1 Overview of Energy Systems



© Cengage Learning 2015

Overview of Energy Systems



© Cengage Learning 2015

Overview of Energy Systems



© Cengage Learning 2015

Overview of Energy Systems



© Cengage Learning 2015

Overview of Energy Systems



© Cengage Learning 2015

The Creatine Phosphate Energy System
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3.3 The Anaerobic Glycolysis Energy System
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The Fate of Lactate
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3.4 The Oxidative Phosphorylation Energy 
System
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Energy Pathways
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• Fats are metabolized aerobically by the oxidation of fatty acids 
• Lipolysis* is the term used for the breakdown of triglycerides 
• Proteins are metabolized aerobically by the oxidation of amino 

acids 
• The respiratory exchange ratio (RER) indicates utilization of 

carbohydrate and fat as fuels 

• -lysis means to break down 
• Hydrolysis 
• Glycolysis

3.5 Fuel Utilization
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Fuel Utilization
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• The direct source of energy for most cellular processes is ATP 
• Creatine phosphate, anaerobic glycolysis, and oxidative 

phosphorylation are the three major energy systems 
• These three energy systems work in concert although one energy 

system usually predominates

Summary
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• Each energy system has distinct advantages (e.g., speed, amount 
produced, duration) and limitations (e.g., speed, amount produced, 
duration, depletion of substrate, undesirable effects) 

• Carbohydrates, proteins, and fats can be metabolized aerobically 
through the oxidative phosphorylation energy system 

• As exercise intensity increases above moderate levels, 
carbohydrates become the predominant fuel source for energy 
expenditure

Summary


