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Muscle contraction 

Myosin 

Actin (actin, tropomyosin en troponin) 

Adenosine tri-phosphate 

ATP as a universal energy-donor 

carbohydrate 
 
fat 
 
protein 

Muscle energetics 
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Endogenous energy stores 

  38 kJ.g-1   

    fat     carbohydrate   

  large storage capacity (500 MJ) 

  7 days running 

  energy turnover low 

  17 kJ.g-1   

  limited storage (8 MJ) 

  60-90 min running 

  energy turnover high 

Endogenous energy stores 
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The human engine  	

Exercise metabolism 
 

 	

Muscle metabolism The human engine 

 	

Endogenous fuel selection 
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Dietary intervention targets 

l  Before competition: optimize muscle 

glycogen stores  

l  During competition: exogenous 

carbohydrate administration 

l  After competition: replenish muscle 

glycogen stores 
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Nutritional needs of the athlete 

•  4-8 % CHO drink (<18%)  
•  osmolality <400 mOsmol 
•  iso- to hypotone 
•  glucose / maltodextrin  
•  sodium 400-1200 mg/L 

•  taste well 

Sportsdrinks 

dosage volume 
 
6-8 ml/kg -  400-500 ml 
2-3 ml/kg per 15-20 min 

Reasons to use sportsdrinks Exercise and gastro-intestinal function 

Optimizing performance Improve recovery 
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The human engine 

Lifestyle The compromised human engine 

Overfeeding 

l  High fat diet 

  

l  High energy intake 

l  Low physical activity level 

Obesity 

Little visceral fat Lots of visceral fat 
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Flooding the human engine Type 2 diabetes 

-  skeletal muscle insulin resistance 

-  impaired heart function 

-  liver dysfunction / impaired glucoregulation 

Glycemic control 
 

van Dijk et al., Diabetes Res Clin Pract, 2011 
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Type 2 diabetes 

Skeletal muscle tissue is responsible for up to 

80% of all the glucose taken up from the 

circulation. 

 

 

Exercise and type 2 diabetes 
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The human engine 

Muscle reconditioning 

Lance Armstrong Jay Cutler 

Muscle deconditioning 

 

-  immobilisation 

-  sarcopenia 

-  cancer cachexia 

-  COPD 

-  type 2 diabetes 

-  cardiovascular disease 

 

What regulates muscle conditioning? 
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Muscle protein synthesis 
 

Muscle free pool 

Muscle Proteins 

Breakdown Synthesis 

Plasma free pool 

Burd et al. , Exerc Sport Sci Rev, 2013 

Fractional muscle protein synthesis 

 
1-2 % per day 

  
 

(0.04 – 0.14 %.h-1) 

Main anabolic stimuli 

Nutrition is an anabolic stimulus Amino acids 
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Amino acids stimulate protein synthesis 
 Muscle contraction is an anabolic stimulus 

Muscle contraction 

Chesley et al., 1992 

Interaction between physical activity and food intake 

Exercise and nutrition 

Moore et al., J. Physiol., 2009. 

Post-prandial muscle protein synthesis 
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Anabolic resistance to protein intake 

Wall et al. J Clin Endocrinol Metab, 2013 

31% 

 
 
 

Sarcopenia 
Population demographics 

In Europe, the number of people aged 65 years and over 
are projected to rise by almost 80% over the next 50 
years, from 85 million in 2008 to up to 152 million by 
2060.  
 
 
By the year 2060, people with an age of 65 and over will 
comprise more than 30% of the total EU population. 
 

Global aging Functional capacity in the elderly 

Leenders et al., Med. Sci. Sports Exerc., 2013. 



12 

Muscle mass maintenance 

Short and Nair, 2000 

Loss of muscle mass with aging 
 

Height and weight matched 

Young Male, age 25 Older Male, age 63 

Sarcopenia 

 

◦  type II muscle fiber atrophy 

◦  muscle fiber type grouping 

◦  muscle fiber loss 

 

Nilwik et al., 2013 

 

n = 60, 
r = 0.72;  P<0.001 

 
 

Muscle mass versus muscle strength 

Upper leg muscle CSA (cm2) 
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Verdijk et al.,  unpublished 

Muscle loss versus strength loss 

Ferrucci et al., J. Gerontology, 2012 

- functional capacity 
 
- metabolic disease 
 
- quality of life 

Age related decline in muscle strength 
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Prevention and treatment of sarcopenia 

Nutrition is an anabolic stimulus 

Anabolic resistance 

Cuthbertson et al., FASEB J., 2005 

Protein intake in the elderly populations 

Tieland et al., Eur J Nutr, 2011 

Protein supplementation in frail elderly 

Tieland et al., JAMDA, 2012-A 
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Muscle mass and strength 
 
Endurance capacity 
 
Functional capacity 
 

Frontera et al., 1988, 1990, 2003, Fiatarone et al., 1990, 1994, Charette et al., 1991, Lexell et al., 1995, 
Ades et al., 1996, Vincent et al., 2002, Bamman et al., 2003, Brose et al., 2003, Ferri et al., 2003, Roth et 
al., 2003, Short et al., 2003, 2004, Verdijk et al., 2009 

Exercise training in the elderly 

Cermak et al.,  Am J Clin Nutr, 2012. 

Exercise training and protein supplementation 

Exercise training and protein supplementation 

Cermak et al.,  Am J Clin Nutr, 2012. 

Protein supplementation in frail elderly 

Tieland et al., JAMDA, 2012-B 
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Falls and fractures 

Wall et al. Acta Physiol. Scand., 2013 

Muscle disuse atrophy 

Wall et al. Acta Physiol. Scand., 2013 

Muscle disuse atrophy 

Wall et al. Acta Physiol. Scand., 2013 

Prevention of disuse atrophy 
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Dietary protein consumption Bed rest and physical activity 

Akima, Acta Physiol Scand, 2001 
Oates et al. Muslce Nerve, 2010 

Neuromuscular electrical stimulation 

Wall et al. Am J Physiol, 2012 

Neuromuscular electrical stimulation 

Wall et al., Nutr Rev, 2013 

NMES to prevent disuse atrophy 

Dirks et al., Acta Physiol, 2013 

Comatose patients 
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M3 research unit 
 
www.m3-research.nl 

http://www.kenniscentrumsuiker.nl/images/pdf/brochures/
De_menselijke_motor_2012_online_03.pdf 


