
CP1278619-0

The 2 Hour Marathon & What 
Limits Human Performance

Michael J. Joyner, MD
Mayo Clinic

Rochester, MN

Twitter - @DrMJoyner



Overview of Talk & Learning 
Objectives

1. Current Events!

2. Where did ideas about “2 hours” come from?

3. The physiology

4. Some History

5. Technology & innovation (& yuk – doping)

6. Mental preparation & psychology

7. Putting it all together
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1. Current Events
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Eliud Kipchoge
May 2017: Oh So Close (Sort of)!
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WR=2:02:57

1. Loop Course

2. Pacers/Drafting

3. Shoes



2018 EK Sets “Real” Record: 2:01:39
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13 October 2019
EK Goes 1:59:40 at INEOS159

(Breaking2 – 2.0) 
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14 October 2019
Brigid Kosgei Breaks WR 
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2. Where Did (My) Ideas About “2 
hours” Come From?
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University of Arizona



LT vs Marathon Speed
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Farrell et al replotted by Davis MSSE 1985
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1991 The 2-Hour Marathon vs. 
The Conventional Wisdom
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The fastest time predicted for this model is 1:57:58 
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2:15:25



1991: The Known Unknowns

• A lot known about VO2max & lactate threshold

• Not much known about running economy

• Fatigue is a complicated thing

• Limited data on true elites

• Not much known about “genetics”
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.



3. The Physiology
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Physiology of Marathon 
Performance

•Most of the energy required comes from 
“aerobic” sources

•What are the determinants of 
“performance” velocity?

Maximal Oxygen Uptake

Lactate Threshold

Running Economy (efficiency)
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Maximal Oxygen Uptake

Bassett and Howley MSSE 2000 Courtesy of B Johnson, PhD
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Cardiac Output and MBF:
Very High in Athletes
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Maximal Oxygen Uptake

•Very high values reported in 1930s

•Only limited training needed

•High cardiac output/muscle blood flow

Stroke volume

Red cell mass

•Twin studies

Standard training program = 5-50% increase

>0.7 correlation between identical twins
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Costill 1970

Marathon Running is Mostly Aerobic
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Farrell et al 1979

Lactate Threshold: Individual Example
VO2 (mL/kg/min)
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LT vs Marathon Speed

21

Farrell et al replotted by Davis MSSE 1985

2:16

3:54
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Mitochondria

Lactate

Glucose

Pyruvate
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Running Economy

• How much speed can be generated 
at a given VO2

• Highly variable up to 30%

• Biomechanical factors/Stiffness

• Fiber Type?

• Unclear if trainable!

.
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Joyner 1991   (Plotted from Conley & Krahenbuhl)

Running Economy
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Running Economy

Frank Shorter

Modest VO2max

Superb RE

Olympic Champion
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What Happens: Frank Shorter?

• VO2 max = 70 
ml/kg/min

• LT = 85% of 
VO2 max

• Performance 
VO2 ~60 
ml/kg/min
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What Happens: Best Ever?

• VO2 max = 85 
ml/kg/min

• LT = 85% of 
VO2 max

• Performance 
VO2 ~72 
ml/kg/min

24 km/hr
Predicted = 1:45!
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It’s Genetic?
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What About Kansas?
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1. More Mile/1500 World Record holders 

from Kansas than Kenya!
2. When will NIH fund a study to search for 

endurance genes in Kansas farm boys?



US Marathon Times:
Culture Beats (loses to) Genetics!

3005308-30



CP1278619-31

Rankinen et al PLOS1 2016

No variants related to blood volume, stroke 

volume or hemoglobin identified…



Size Makes a Difference
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168 cm

56 kg

70            80            90          100kg



Run 4km to School
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How Genetic is 

This?



4. Some History
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1908 London Olympics:
Windsor Castle & 26.2 
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Harvard Fatigue Lab:
Bruce Dill & Don Lash 1937
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Robinson et al. Science. 1937; 85:409-410.

359 360

300

320

340

360

380

400

World Record 2 Mile VO2max

R
u

n
n

in
g 

Sp
e

e
d

 (
m

/m
in

)
VO2max = 76.4 mL/Kg/min

8:58.4

Don Lash 1930s

.

.



CP1278619-39

More & Harder Training

NURMI ZATOPEK
9 gold medals

1920-28
4 gold medals

1948-52
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More & Harder Training

 Frequency Duration Intensity 

Shrubb 
UK ~1900 

3-5 x week 
seasonal 

<1 hour Steady 

Nurmi 
Finn ~1920 

1-2 x day 
year round 

>1hour Walk, Run, 
Sprints 

Zatopek 
Czk ~1950 

2 x day 
year round 

>2 hours Interval 
training 

 



Train A Whole Lot:
1964 Olympic 5000m &

The Running Haiku
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Run a lot of miles

Some faster than your race pace

Rest once in awhile



CP1278619-42

More People Participating

KeinoBikila
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More People Participating

Waitz Laroupe Radcliffe



Also….

•More prize money

•Better races

•Longer careers

•Good runners move up sooner
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2010s: Stalking the 2-Hour Marathon

•Outstanding 10K time?

•Good running economy

• Small size

– thermoregulation

– fuel

• Life long ‘training”?

• Altitude native?

• Right field, day, race & prize money scheme?

Joyner, Ruiz, Lucia 2011



2011 Update:
Stalking the 2-Hour Marathon

Joyner, Ruiz, Lucia JAP 2011
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5. Technology & innovation (& 
yuk – doping)
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2017 Nike: Why Wait?
2019 INEOS: Try Again!
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What Did Nike (& INEOS) Do?

•Marginal gains 

Course

Temp

Feeding

•Manipulate Economy

Drafting

Pacing

Shoes

• Scientists Matter

Brad Wilkins

Brett Kirby

Andy Jones

Phil Skiba

Rodger Kram

Wouter Hoogkamer

• INEOS

Peter Vint
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The goal was to tune the stiffness 

and recoil properties of the track 



The Track In The Shoes Trick?
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Shoes – The 1980s Prequel

CP1278619-55R Kram via Twitter



Shoes – The 1990s Prequel

CP1278619-56R Kram via Twitter



Shoe Innovation Was Hiding In 
Plain Sight……
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2009 Talk at Nike
I Asked About “Slap” Skates
•Hinged skate

•Permits better “push off” and glide

• Is there a parallel technology that could 
be invented in shoes?

•“regulatory issues”



Clap (Klap, Slap) Skate
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Bikes & Swimsuits:
Regulation?
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Average of Top 8 100m FS Times: 
Olympics 1972-2016
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Boycotts

Tech Suits

Regulation



Should They Be Banned?
We’ve Had This Discussion Before!
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Breaking2 & INEOS vs. 
Bannister & Breaking4

• I get the yapping about it being contrived

• Bannister in perspective

Refurbed track

2 WC pacers

Custom shoes

State of the art coaching

Physiology Expertise
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Doping?
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~2005 Testing Getting Better?
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Kruse et al PlOS1 2014



6. Psychology
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"The will to win is not nearly so 
important as the will to prepare to win." 

•Daily training for many years

•Willingness to accept feedback

•Resilience 

•Suffering

•Run 20x400m with 200m jog “recovery” –

•Come face to face with God…..
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Relax & Win

•Bud Winter

•Fighter pilot training

•Adapted to sports training

•Coached the coach of Bolt’s coach

•Predates the Zone, Mindfulness, Yoda 
etc.
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Phelps Crushes A Turn
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TOUGHNESS

Gebrselhasse & Elliot



Beyond E Africa: Al Waquie
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• Mountains of New Mexico, born 1954

• Sandia Peak 8 x winner and Record Holder

• Empire State Building 5 x winner and Record Holder 

• 2 x winner of Pikes Peak Run , record set in 1981



Discussion
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7. Putting It All Together
About 3 Minutes
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Optimizing Non Tech Issues

1. Athlete

2. Course

3. Environmental conditions
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Pacing/Drafting ~ 2 Minutes?
Kipchoge - INEOS vs Berlin &
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The Same Story For Cycling

Later
admitted to 

blood doping
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Get Better Equipment:
1943 Dutch Warmerdam 4.78m (~15-8)
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Recognize The Limits of Forecasting: 
Who Would Have Predicted This?
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http://www.eia.gov/todayinenergy/ 1-2016



The Shoes ~ 80s

• Kipchoge vs Berlin

• Kosgei vs the women’s list & Radcliffe’s 
2:15:25
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Problems With Drug Testing

• Avoid false positives

• Gene variants and renal excretion of testosterone 
metabolites

• False negatives with urine tests for EPO

• Intellectual issues associated with urine testing for 
short acting peptide hormones

• Whole classes of releasing factors and designer 
drugs

• Criminal convictions of athletes who have 
“passed” hundreds tests but were clearly using 
drugs while tested

• Self-taught clinical pharmacologists


