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Why should we be concerned 
regarding Risk of Exercise?  

ÅPhysical activity pattern during adulthood/level of 
fitness are more strongly associated with Heart 
Disease and all-cause morbidity/mortality than 
traditional risk markers   

ÅSmall investments in activity yield large health 
outcome benefits  

ÅHigher level of fitness/physical activity are 
associated with lower health care costs  

ÅFew Americans are physically active enough to gain 
health benefits  

ÅNot enough is being done to incorporate physical 
activity into the health care paradigm  
 



Preventable Causes of Death in the US, 1990 vs. 2000 



Where is the Evidence? 

R̈etrospective Epidemiological Studies 
B̈us drivers, Harvard alumni, SF Longshoremen,... 
 

P̈revalence Epidemiological Studies 
C̈ross-sectional 
B̈ias problem: the sick population is generally more 
inactive 
 

L̈ongitudinal (Prospective) 
Öbservational (Framingham, Veterans Affairs, etc.) 

vs. Interventional 
 

M̈eta-analyses of best Epidemiology 
 



Epi Methods for Quantifying 
the Exercise Stimulus:  

P̈hysical Activity: job title, 
questionnaires é Calories or 
kiloponds expended é  

P̈hysical Fitness: Exercise 
test result é METs 
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Williams, Meta -analysis, MSSE 2001:754  

8 fitness cohorts (317,908 person -yrs fu)  

30 activity cohorts (>2 million person -yrs fu)  

Highest exercise 
level 

Baseline risk  



Graded response/predictive capacity  



Strength, independence and primacy of the 
relationship between Fitness and Death  



Consistency 

(Biological Plausibility) 

Änimal Models demonstrate that Physical 

Activity induces changes on both the 

Heart and the Periphery 

 

Ẅild vs. Domestic animals 

Ïncreased fibrillatory threshold in dogs 

Ïncreased coronary flow in pigs 

S̈maller infarcts in rats 



The Genetic Factor  



Effects of Chronic Exercise on 

Animals 

Äge-dependent myocardial hypertrophy 

M̈yocardial histological changes 

P̈roportional increase in coronary artery size 

C̈oronary collateral circulation 

Ïmproved cardiac mechanical and metabolic 

performance 

F̈avorable changes in skeletal muscle 

mitochondria and respiratory enzymes 

M̈yocardial mitochondria and enzyme changes 

Ätherosclerosis delay and regression 

S̈erum cholesterol reduction 



Effects of Regular Dynamic 

Exercise on Normal Hearts 

 ̈Morphologic changes 
L̈arger hearts (cross-sectional and longitudinal)  

Ëcho exams show an average increase in 
LV mass   

C̈oronary artery size (parallels mass) 

 ̈Hemodynamic changes  
L̈ower heart rate, systolic BP 
G̈reater cardiac output, VO2, exercise 
capacity, coronary reserve 
B̈etter cardiac function 

ïFaster recovery (including heart rate) 

Ǆ  Endothelial Function Protected 



Key points:  

Å<30% of Americans meet the minimal 

recommendations for physical activity  

ÅMore than one third of Americans report getting 

no physical activity at all  

ÅThe prevalence of obesity has more than doubled 

since 1990 

ÅDeaths due to physical inactivity/poor diet may 

soon exceed tobacco use as the leading cause of 

preventable death (CDC, 2004)   
 
 



Fitness  

Incremental Survival Benefit per MET  

Å1 MET=resting metabolic rate (3.5 ml 
O2/kg/min)  

ÅExercise capacity commonly expressed in 
multiples of the resting metabolic rate 
(adjusted for age and training)  

Å1 METå2.5% grade on the treadmill at walking 
speed, 25 watts on cycle ergometer  

Å5 METs is upper limit of ADLs  

Å<5 METs = high risk; >10 METs =low risk  



Activity  

Energy expenditure expressed in kcals  

Å1 kcal (calorie) = energy required to 
increase 1 kg water 1 0 C 

Å30 minutes of walking å 150 kcals 

ÅCDC/ACSM/Surgeon Generalõs Report 
recommendation is roughly 1,000 
kcals/week  

Å30 minutes of brisk walking burns the 
calories in 1 plain donut (185 kcals), 1 hour 
for a glazed donut  

 



Activity  

2000 kcal/week:  

ÅModerate activity (walking) 1 hr/day  

ÅHigher intensity activity, 1 hr, 3 -4 

times/week  

Å6,000 steps/day (pedometer)  

Å20 to 25 MET -hours (5 MET activity, 

1 hour, 5 times/week)  



OVER 200 YOUNG ATHLETES DIE 
EVERY YEAR IN THE US 

Roughly 10 million young 
competitive athletes each 

year in the US 



Risks of Exercise 

ÂSudden Death 
ïExercise-related incidence per year: 

Ë1 out of 250,000 children and young adults 

Ë1 out of 50,000 adults in the general 

population 

Ë1 out of 200,000 high school/college athletes 

Ë1 out of 80,000 to 160,000 man-hours in 

populations with CAD 
ïPatients with heart disease are at increased risk 

ïRegular exercise decreases risk  

Ë(Siscovick, 1984)  

Ë(Mittleman, NEJM 1993)  



Sudden Death 

Â> 40 years of age 
Â Primarily due to CAD 

Â< 40 years of age 
ïMost common causes: Hypertrophic Cardiomyopathy 

(approx. 50%), Marfan's Syndrome, coronary artery 

anomalies 

Ë Prevalence of HCM in young people is 

approximately 0.1%  
ï Less common causes: viral myocarditis, RV dysplasia, 

mitral valve prolapse, aortic valve stenosis....  

Note:  Sudden Death is extremely rare in athletes; for 

young athletes it is usually due to congenital problems 



>40, due to CAD 

 

Nonspecific 

Cardiomyopathy 

Dilated Cardiomyopathy 

 

Congenital Anomaly 

 

Dissecting Aortic 

Aneurysm (Marfan's) 

Sudden Death in Famous Athletes 

ÂJim Fixx 

 

ÂReggie Lewis 

 

ÂHank Gathers 

 

ÂPete Maravich 

 

ÂFlo Hyman 

 

The Maryland Basketball Team inspired NIH research of 

 SCD in athletes--- Registry is very difficult 



Screening for Sports Participation  

ÂHistory of chest pain or syncope--best signs 
ïSyncope during as opposed to post-exercise 
 

ÂHypertrophic Cardiomyopathy is very difficult 
to discern from "athlete's heart" 
ïAthletic Heart Syndrome includes many 
abnormalities that are not dangerous 

ËGallop sounds, increased heart size/movements 
 

ËFamily History ð current best genetic  test  
 
Bethesda Guidelines; European 
Guidelines é the ECG controversy 



ECG Added to Stanford Athletes Annual 
Pre-participation Exam 2007 



Stanford and the PPE  

Â Center for Inherited CV Diseases/HCM Clinic 
 
Â Wheeler MT, Heidenreich PA, Froelicher VF, Hlatky MA, 

Ashley EA. Cost-effectiveness of preparticipation 
screening for prevention of sudden cardiac death in 
young athletes. Ann Intern Med. 2010 Mar 2;152(5):276-
86. 
 
Â Le VV, Wheeler MT, Mandic S, Dewey F, Fonda H, Perez 

M, Sungar G, Garza D, Ashley EA, Matheson G, 
Froelicher V.  Addition of the electrocardiogram to the 
preparticipation examination of college athletes.  Clin J 
Sport Med. 2010 Mar;20(2):98-105. 
 
 

 



T wave Inversion greater than 2 mm in 3 leads other than V1 and AVR  
in 21 yo Stanford Female athlete 

Pelliccia, A, et al. Outcomes in Athletes with Marked ECG Repolarization Abnormalities. NEJM 2008:358:152-161. 

Positive predictive value of 36% for this ECG abnormality that occurs in 1% of athletes (immediate diagnosis in 39 

and 5 in follow up [out of 129], mostly cardiomyopathies).  

 

 



 

T wave Inversion greater than 2 mm in 3 leads other 
than V1 and AVR in 33 yo 6ft 205 lb 49er 

 


