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Limits to Human Endurance Performance
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FIGURE 1—Swimming, cycling, running, and total performance times
at the Hawaii Ironman Triathion for the top 10 males and females
from 1981 to 2007. Values are mean = SD. *Two races took place in
1982 (February and October). Regression lines are presented from
1988 to 2007 in bold line for male and in dotted line for females. The
equations are for the year 2008 as 0, so the intercept is the time in the
year 2008. The slope of each equation indicates the change in time
(min) performance per year since 1988.
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FIGURE 2—Gender differences in time for swimming, cycling|
running, and total times from 1988 to 2007. The lenticular curve
represent the 95% CI for the predicted mean value. The equations arg
for the year 2008 as 0, so the intercept is the time in the year 2008. Thd
slope of each equation indicates the change in gender difference (%
per year since 1988.

Lepers, R. MSSE 2008;40(10):18281834.
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FIGURE 3—Time difference between the winner and the 10th placer
expressed as a percentage of the winner time for both females and
males over the 1988—2007 period. The lenticular curves represent the
95%, CI for the predicted mean value. The equations are for the year
2008 as 0, so the intercept is the time in the year 2008. The slope of
each equation indicates the change in time difference (%) between the
winner and the 10th placer per year since 1988.
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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 599+34 544+1.0 (10.1%)
Diff (%) 10.9 9.7
42.2km Run Time (min)
Hawaii Ironman New York
Triathlon Marathon
WEIE 1744 +48 131.1+ 1.1  (33%)
Female 197.4+6.0 1489+29 (32.6%)
Diff (%) 13.2 13.3

Comparison of top 10 Hawaii Ironman Triathlon times and the top 10
specialist elite times for males and females in 2006

Lepers, R. MSSE 2008;40(10):18281834.
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Lower O, 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.
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Sociological Barriers

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

« AAA celiminated ‘undesirables’ who ran for money —
‘professionals’

so that...




PSYCHOLOGICAL BARRIERS
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TECHNOLOGICAL BARRIERS
7 i ¥

A?‘!
“u p

World 1 Hour Record

\\w liverpool

+<JMU




\\Y#a’ liverpool

<JMU

\




RESPIRATION
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b. Ventilation
c. Alveolar ventilation:
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Limits of the Lung
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Limaits of the Blood
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CARDIAC LIMITS
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CARDIAC SIZE & HR_. LIMITS
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Whyte et al. Int J Sports Med 2008; 29: 129-133
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CARDIAC FATIGUE & DAMAGE
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A-Early diastolic velocity (E’), Significant regional and global
B-late diastolic velocity (A), changes in diastolic function

C-E:A
George, K. et al. 2005. J Physiol
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Prolonged exercise should be considered alongside typical
symptoms of acute myocardial infarction when evaluating
increases in cardiac troponin T

R E Shave, G P Whyte, K George, D C Gaze, P O Collinson

Heart 2005;91:1219-1220. doi: 10.1136/hrt.2004.046052

72 runners (22-63 yrs),
Esridon:Marathor:2004/5:

to the diagnosis of non-ST elevation myocardial infarction.
Although discussion is ongoing regarding the appropriate cut

off for iTnT, the use of ¢TnT in the diagnosis of acute
{IH

;A:i al peasad (At( N2 Aty g4 diagrpstie
itk ?K@ﬁ' lac‘dﬁkc’a cdli L'C;V;E.
troponin determinations are not required for diagnosis or
treatment of classic ST segment elevation myocardial infarc-

ion sdlr mbolysis is\admjinistered solely opghe basis of
%?Cgi /'él is lc@th{}(iﬁvc L I 1Rin a clinical
pidtidh ¥y Tise in ¥rd Mot th onMimit of the
assay is related to an increased risk of death.” Recent studies
of highly trained endurance athletes completing ultra-
e gxercise hgmye re isolated incyepses of cardiac
§ip$.lrg 11&@(:;@810 g{ <I'mploms.‘ To
ate, onfy Yimited inveStigation h4s ined ¢TnT after
more readily accessible and increasingly popular events such
as the London Marathon in less well trained people.

cofdi@ly, weingytigafed the j of running the
ndbn 0,11} Gjrcplati if a heterogeneous  Figure 1 Positive cardiac troponin T (cTnT) samples after the London

Shdtt of noh-clite ninners marathon (scale is log plotied because of the data spread).

------ 0.1 ng/l cut off

----- 0.05 pg/I cut off

----- 0.03 g/ cut off

Shave et al. Heart, 2005
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SCD 1n 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

m Fre Marahon
O Post Marathon

Brachial Femoral

Dawson et al. 2008 J4P
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GENETIC LIMITS
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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

\\(:‘7{3 liverpool

+<JMU




ENVIRONMENTAL LIMITS
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Performance = Complex Bio-Psycho-Socio-Economic interaction
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Outrigger Kona Resort — Kailua-Kona, Hawai'i
” OCTOBER 8-12, 2023
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