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The ‘endurance’ or ‘strength’ phenotype is the outcome
of the cumulative effects of multiple acute exercise bouts 



The ‘classic’ study of the potential for strength and 
endurance training to amplify the endurance phenotype

“These data do not
demonstrate any negative
performance effects of adding
heavy-resistance training to
ongoing endurance-training
regimens. They indicate that
certain types of endurance
performance, particularly
those requiring fast-twitch
fiber recruitment, can be
improved by strength training
supplementation.”

Hickson RC et al. J Appl Physiol 65: 2285-90, 1988.



The physiological demands of team sports
require both strength/power and aerobic fitness



Myofibrillar versus mitochondrial proteins

Myofibrillar protein            Mitochondrial protein

Lange S et al. Science 308: 1599-1603, 2005.



Specificity of training adaptation

The‘training adaptation continuum’
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The AMPK (endurance) and Akt (resistance)‘master switch’
mediates mode-specific adaptations to training

Atherton PJ et al. FASEB J 19: 786-798, 2005.
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Wang L et al. J Appl Physiol 111: 1335–1344, 2011. 

Effects of heavy resistance exercise  undertaken after 
cycling on early signaling events in skeletal muscle



Heavy resistance exercise amplifies the acute 
‘endurance’ signal in human skeletal muscle

Wang L et al. J Appl Physiol 111: 1335–1344, 2011. 

Endurance Endurance + R



Wang L et al. J Appl Physiol 111: 1335–1344, 2011. 

And also preserves the acute 
‘myogenic’ signal in human skeletal muscle



“A novel finding in the present
study is that resistance exercise
performed after endurance exercise
resulted in enhanced expression of
genes involved in the signaling
cascade of mitochondrial
biogenesis/oxidative metabolism, as
well as enhanced activation of
proteins involved in the regulation
of muscle protein synthesis. These
results challenge the current view of
how to optimize endurance training
adaptation.”

Wang L et al. J Appl Physiol 111: 1335–1344, 2011. 

Heavy resistance exercise amplifies the acute 
‘endurance’ signal in human skeletal muscle



Overall effect sizes for strength, endurance and
concurrent strength and endurance training

Wilson JM et al. J Strength & Cond Res 26: 2293-2307, 2012. 

Strength Endurance Concurrent

* Different from Strength, P<0.05
& Different from Endurance, P<0.05



All endurance sports are not created equal:
Endurance running versus cycling and strength training



Overall effect sizes for running plus strength, 
cycling plus strength, and strength only training

Wilson JM et al. J Strength & Cond Res 26: 2293-2307, 2012. 

Running + S Cycling + S       Strength only

* Different from Running + S, P<0.05



Dose response effect size for the average duration of
endurance sessions on muscle strength, size, and power

Wilson JM et al. J Strength & Cond Res 26: 2293-2307, 2012. 

Strength Hypertrophy           Power



Can nutrient provision attenuate some of the concurrent 
training-induced ‘interference’ on muscle proteins?



Effects of protein ingestion on muscle protein synthesis  
following consecutive resistance and endurance exercise

Camera DA et al. (Unpublished observations)

25 g whey protein



Effects of protein ingestion on muscle protein synthesis  
following consecutive resistance and endurance exercise

Camera DA et al. (Unpublished observations)



“Concurrent training promotes
anabolic responses and increases in
metabolic/oxidative pathways in
skeletal muscle. Protein ingestion
after combined resistance and
endurance exercise enhances
myofibrillar protein synthesis and
attenuates markers of muscle
catabolism. Protein ingestion may
therefore promote and/or protect
muscle mass and reduce the potential
interference effect of endurance
exercise on hypertrophy.”

Camera DA et al. (Unpublished observations)

Effects of protein ingestion on muscle protein synthesis  
following consecutive resistance and endurance exercise
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Summary and practical implications:
Are endurance and strength training incompatible?

There is potential for strength training to amplify endurance
performance in individuals with little prior training history
The ‘interference’ effect of concurrent strength and endurance
training depends on the ability level of the athlete
The distinct ‘molecular signatures’ associated with strength and
endurance training (i.e., AMPK-Akt pathways) are not as unique 
as originally proposed 
There is greater ‘interference’ with strength/power measures when 
undertaking running than cycling concurrently with strength training
There is a ‘dose-response’ effect for time spent endurance training   
on interference with strength parameters
Nutrient provision (i.e., protein) can attenuate the ‘interference 
effect’ of endurance exercise on hypertrophy signalling pathways
The principle of ‘specificity of training adaptation’ rules!



Factors affecting the variability in the 
training response/adaptation
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