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Limits to Human Performance
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Lepers, R. MSSE 2008;40(10):18281834.
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3.8km Swim Time (min)
Hawaii Ironman Waikiki Rough 
Triathlon Water Swim

(Honolulu)
Male 54.0 + 0.2 49.6 + 2.1 (8.9%)
Female 59.9 + 3.4 54.4 + 1.0 (10.1%)
Diff (%) 10.9 9.7

42.2km Run Time (min)
Hawaii Ironman New York 
Triathlon Marathon

Male 174.4 + 4.8 131.1 + 1.1 (33%)
Female 197.4 + 6.0 148.9 + 2.9 (32.6%)
Diff (%) 13.2 13.3

Lepers, R. MSSE 2008;40(10):18281834.

Comparison of top 10 Hawaii Ironman Triathlon times and the top 10 
specialist elite times for males and females in 2006
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Lower O2 carrying capacity, smaller heart and lungs, higher adiposity result in a 
lower aerobic power in females, even when scaled for body mass and adiposity.

Lower absolute strength & power results in lower peak velocity in females.

Vs.
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Sociological Barriers

• Before the AAA men and women of all social classes ran for 
money

• AAA eliminated ‘undesirables’ who ran for money –
‘professionals’

so that…
‘Middle class men who wanted to take part in sport but were ‘far 

from good enough to hold their own in professional company’.
Peter Radford, 2004
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PSYCHOLOGICAL BARRIERS



Research Institute for Sport & Exercise Sciences
FACULTY OF SCIENCE

World 1 Hour Record

TECHNOLOGICAL BARRIERS
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VO2max = Qmax * a-vO2diffmax
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Limits of the Lung

LUNG HEART           CIRCULATION MUSCLE

Pre-training O2 conductances

Post-training O2 conductances

O2
Flow

O2
Flow
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• Hypervolemia 
(up to 20%): PV, RBC, Hb, Hct

Limits of the Blood
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Schmidt & Prommer Ex Sports Sci Rev 2010; 38:68-75.
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CARDIAC LIMITS
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CARDIAC SIZE & HRmax LIMITS

Whyte et al. 2004 EJAP

Whyte et al. Int J Sports Med 2008; 29: 129–133
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Significant regional and global 
changes in diastolic function

George, K. et al. 2005. J Physiol

A-Early diastolic velocity (E’), 
B-late diastolic velocity (A’), 
C- E’:A’

CARDIAC FATIGUE & DAMAGE

72 runners (22-63 yrs), 
London Marathon 2004/5

All pre-race cTn -ve.

78% > 0.01 μg/l

58% >0.03 μg/l

11% >0.1 μg/l
Shave et al. Heart, 2005
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SCD in a Marathon Runner (RC)
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Myocardial Fibrosis in a Lifelong Endurance Runner (RH)

Wilson et al. BMJ Case Reports. 2009. doi:10.1136/bcr.12.2008.1345.
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VASCULAR LIMITS

Dawson et al. 2008 JAP
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Limits of the Muscles
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GENETIC LIMITS

Association or linkage with Performance, fitness phenotype 
The Fitness and Performance gene map consists of 214 autosomal gene entries 
and quantitative trait loci plus 7 X chromosome and 18 mitochondrial genes

Bray et al., MSSE 2009;41(1):34-72
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ENVIRONMENTAL LIMITS
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Performance = Complex Bio-Psycho-Socio-Economic interaction
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THANK YOU
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