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Your heart on exercise
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The cardiovascular system

• Function
– To deliver oxygen & nutrients

– To remove waste (carbon
dioxide)

• Distributed immune /
thermoregulatory system

• Pump, blood, blood vessels



Blood

• Blood

– Red cells (40%)

– White cells/platelets (5%)

– Plasma (55%)

• Flows from heart to major

arteries then capillaries

• Returns to heart via veins



The heart

• Pump
– 4 chambers

– 4 valves

– 10 leaflets

– 5 papillary muscles

• Fuel supply
– Coronary arteries

• Electrical system
– Specialized conducting

tissue



Pump

• Circulation
– Blood is oxygenated in the

lungs

– Delivered to heart

– Pumped to body

– Returned to heart

– Delivered to lungs



Fuel supply – coronary arteries

• 3 principal arteries

• Multiple small

branches

• The first arteries to

come off the aorta

– Heart supplies

itself first



Electrical system

• All heart cells conduct
electrically

• Specialized
conduction tissue
conducts faster and
takes priority

• All cells are capable
of being
“pacemakers”

• Cells high up in right
atrium pace faster
and override other
cells





Exercise



Heart rate

• Exercise control begins in the
brainstem before exercise
begins

• Heart rate
– Increases linearly with work rate

– Under control of internal
nervous systems

• withdrawal of vagal tone

• increased adrenaline

– 25 to 240 bpm

– 220-age but SD approx 10

– Cardiac ‘drift’ with prolonged
exercise



Stroke volume

• Increased volume of

heart

• Increased cardiac

output per beat

– rest 50ml

– untrained ! 120ml

– trained >200ml

• Atrial filling becomes

more important



Role of blood vessels

• Increased preload
– muscle pump

– respiratory pump

• Increased SBP

• Minor increase DBP

• Redistribution
– Skeletal muscle vasodilation

• 20% ! 80% of cardiac
output

– GI vasoconstriction

Human heart clarified and
injected with cinnabar to
display blood vessels (Mütter
Museum, College of
Physicians of Philadelphia)



Athlete’s heart



The Athlete’s heart

J Am Coll Cardiol. 2004;44:1053–1058.



The athlete’s

heart



Strength trained athletes do not have more or different

athletic hypertrophy than endurance trained athletes



Extra beats are common

J Am Coll Cardiol. 2004;44:1053–1058.



Athlete’s heart - summary

• Slower resting heart rate

• Slower heart rate at given
workload

• No change in maximal heart
rate

• More elastic heart muscle

• Slightly bigger heart cavity

• Mild or no change in heart
wall thickness

• Some extra beats normal



Health benefits

of exercise



Cardiovascular benefits of exercise

• Longer life

• Decreased risk of heart attack

• Decreased risk of stroke

• Reduced obesity

• Reduced diabetes

• Improved cholesterol

• Reduced blood pressure

• Improved endothelial function

• Improved varicose veins



Neurological benefits of exercise

• Decreased risk of stroke

• Improved mood

• Better cognitive function

(older adults)

• Reduced stress

• Enhanced sleep

• Improved agility

• Enhanced coordination and

balance



Benefits of exercise for bone,

 joint and muscle

• Reduced obesity

• Improved agility

• Improved endurance

• Improved posture

• Less back pain

• Increased bone density

• Reduced inflammation

• Improved muscle

metabolism



Anti-cancer benefits of exercise

• Decreased risk of

breast cancer

• Decreased risk of

colon cancer

• Decreased risk of

pancreatic cancer



More benefits of exercise

• Enhanced immune system

• Reduced risk of glaucoma

• Reduced inflammation

• Improved appetite for

healthy foods

• Reduced risk of gall stones

• Reduced diverticulitis



There must be a downside to all

this goodness?



The exercise paradox

• There is risk associated with exercise

• Risk-protection paradox

• Risk extraordinarily low in absolute terms

– 1:500,000 to 2.5m hours of exercise

• However, exercise can trigger heart

events

• Notably, regular exercise lessens

multiplicative risk dramatically

– In rare exercisers, increase in risk with

exercise is 50x that of regular exercisers

– In common exercisers, < 2x

• Key message: benefit outweighs risk by

orders of magnitude

• Regular exercise reduces risk of CV

events by 50%



What about sudden death

in young athletes?

Ryan Shay

marathon

Hypertrophic
cardiomyopathy
(HCM)

Scott Laio

rowing

unknown

Hank Gathers

basketball

HCM

Jiri Fischer

hockey

HCM, survived

Marc Vivien Foé

soccer

HCM

Antonio Puerta

soccer

ARVC

Thomas Herrion

football

HCM

Amy Marie Moxie

swimming

Aortic Dissection

Jason Collier

basketball

HCM



Causes of SCD in young athletes

• Sudden death is very rare
in young athletes

• The most common cause
is hypertrophic
cardiomyopathy
–  a genetic disease of heart

muscle

• Screening may be able to
reduce the risk of events in
athletes (young and old)

Matthew Wheeler



ECG screening of Stanford athletes



Conclusion

Exercise is
good for
you

Exercise is
good for
your heart



Physician heal thyself…


