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Muscle protein turnover

Muscle free pool

Muscle Proteins

BreakdownSynthesis

Plasma free pool

Burd et al. , Exerc Sport Sci Rev, 2013
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Fractional muscle protein synthesis

1-2 % per day

(0.04 – 0.14 %.h-1)

Muscle reconditioning

Lance Armstrong Jay Cutler

Muscle deconditioning

- immobilisation

- sarcopenia

- cancer cachexia

- COPD

- type 2 diabetes

- cardiovascular disease

Muscle mass maintenance Main anabolic stimuli
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Nutrition is an anabolic stimulus Amino acids

Amino acids stimulate protein synthesis
Post-prandial muscle protein synthesis

� protein digestion

� amino acid absorption

� plasma amino acid availability

� hormonal response

� postprandial perfusion   

� muscle protein signaling proteins

� myofibrillar protein synthesis

Research methods Post-prandial muscle protein synthesis

� protein digestion

� amino acid absorption

� plasma amino acid availability

� hormonal response

� postprandial perfusion   

� muscle protein signaling proteins

� myofibrillar protein synthesis



4

Stable isotope tracers

van Loon et al., J Dairy Sci, 2009,  Pennings et al., J Dairy Sci, 2010, Burd et al., PLOS One, 2013

Intrinsically labeled protein

Post-prandial protein synthesis

Groen et al., PLOS one, 2015

Post-prandial protein synthesis

Groen et al., PLOS one, 2015

Post-prandial protein synthesis

Groen et al., PLOS one, 2015

‘You are what you just ate’
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Post-prandial protein synthesis

- amount of protein

- source of protein

- macronutrients

- timing

- food preparation

- body position

Source of protein

Koopman et al., Am J Clin Nutr, 2009

Intact protein versus protein hydrolysate

Pennings et al., Am J Clin Nutr, 2011

Whey versus casein

Whey versus casein

Wall et al., Clin Nutrition, 2013 

Leucine co-ingestion
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Milk versus Beef

Burd et al., Am J Clin Nutr, 2015

Plant-derived proteins: game changers? 

Plant based proteins

van Vliet et al., J Nutr, 2015

Plant based proteins

van Vliet et al., J Nutr, 2015

Muscle gain on plant based protein consumption Muscle gain on plant based protein consumption

Bill Pearl - 1971
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Soy

Tang et al., J Appl Physiol, 2009
Yang et al., Nutr Metab, 2012

Wheat

Gorissen et al., J Nutr, 2016

Pinckaers et al., Sports Med, 2021

Plant-based whole-foods

Pinckaers et al., Sports Med, 2021

Anabolic properties of plant-based proteins

Amount of dietary protein

Moore et al., J.Physiol, 2009

Amount of dietary protein
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Timing of protein ingestion Protein intake distribution

Areta et al., J Physiol, 2013.

Muscle protein synthesis during sleep
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Post-prandial protein synthesis

Kouw et al., PhD thesis, 2018.

Muscle contraction is an anabolic stimulus

Muscle contraction

Chesley et al., J Appl Physiol, 1992.

Post-exercise muscle protein synthesis

Wilkinson et al., J Physiol, 2008.

Muscle reconditioning

Lance Armstrong Jay Cutler

Synergy between exercise and food intake
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Exercise and nutrition

Moore et al., J Physiol, 2009

Post-prandial muscle protein synthesis
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Exercise

Physical activity prior to food intake ‘You are more of what you just ate’

Muscle deconditioning

- sarcopenia

- cancer cachexia

- COPD

- type 2 diabetes

- cardiovascular disease

What causes muscle loss with aging



11

Anabolic resistance

Wall et al., PLOS one, 2015

Concept of anabolic resistance

Burd et al.,  J Appl Physiol., 2012

Decline in physical activity

Burd et al.,  J Appl Physiol., 2012

Muscle disuse

Wall et al. Acta Physiol. Scand., 2013

Muscle deconditioning
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Dirks et al. J Appl Physiol 2017

Dirks et al. Diabetes, 2016

Anabolic resistance to protein ingestion

Wall et al. J Clin Endocrinol Metab, 2013

31%

Decline in physical activity ‘You are less of what you just ate’
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Clinical relevance Muscle mass and strength

Endurance capacity

Functional capacity

Fron tera  e t a l., 1988 , 1990 , 2003 , F ia ta rone et a l., 1990 , 1994 , Charette  e t a l., 1991 , Lexe ll e t a l., 

1995 , Ades e t a l., 1996 , V incen t e t a l., 2002 , Bam m an et a l., 2003 , B rose e t a l., 2003 , Ferri e t a l., 

2003 , Ro th  e t a l., 2003 , Short e t a l., 2003 , 2004 , Verd ijk e t a l., 2009

Exercise training in the elderly

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

Exercise training and protein supplementation

Protein supplementation in frail elderly

Tieland et al., JAMDA, 2012-B Dirks et al. Diabetes, 2016
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Hospital admission

Fisher et al, Arch Intern Med, 2010

Most older patients 

are typically hospitalized 
for 5-7 days

Catabolic crisis model

English et al., Curr Opin Clin Nutr Metab Care, 2010

Hospital admission

Wall et al., Aging Res. Rev., 2013

Short periods of bedrest 

following disease or injury 
contribute substantially 

to the loss of muscle mass 
with aging

Muscle loss during hospitalisation

Kouw et al., JAMDA, 2018

-3.4±1.0%

-4.2±1.1%

Attenuate muscle mass and/or strength loss
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Weijzen et al., J Nutr Health Aging, 2019

Protein intake during hospitalisation

1.0-1.5 g·kg-1·d-1

Physical activity during hospitalisation

Brown et al, J Am Ger Soc, 2009

lying in bed
83%sitting

13%

standing or walking
4%

Conclusions

Protein ingestion and muscle contraction stimulate 

muscle tissue protein synthesis

Physical (in)activity (de)sensitizes skeletal muscle tissue 

to the anabolic properties of dietary protein ingestion

Protein is required to support muscle conditioning in 

both health and disease
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Attenuate muscle loss during disuse 

Remain physically active as much as possible

Apply exercise mimetics when appropriate

Consume a more protein dense diet

Commit to an active rehabilitation program

Collaborators and sponsors


