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Types of Exercise – Improved Health

Endurance (Aerobic)
• Brisk walking or jogging

• Dancing

• Swimming

• Biking

• Playing tennis or basketball

Strength (Anaerobic/Resistance)
• Lifting weights

• Carrying groceries

• Arm curls

• Push-ups

• Using a resistance band

Balance
• Tai Chi

• Standing on one foot

• Heel-to-Toe walk

• Standing from a seated 

position

Flexibility (Stretching)
• Torso

• Back

• Quads

• Gluteals

https://www.nia.nih.gov/health/exercise-and-physical-activity/four-types-exercise-can-improve-your-health-
and-physical#endurance



Exercise Physiology

• During aerobic exercise, the cardiac output (stroke volume X 
heart rate) increases 

• Initial increase in output is due to both ↑ stroke volume and  ↑ 
heart rate. 

• Above 50% VO2  max, cardiac output rises solely from continued 
↑ in heart rate

• Maximal attainable heart rate decreases with age

• With training, peripheral skeletal muscles increases capillary 
density that facilitates high levels of oxygen extraction
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Most widely recognized measure of cardiopulmonary fitness

A function of the capacity of the heart, lungs and blood to transport oxygen to the 
working muscles and ability of the muscles to use oxidative phosphorylation to 
create ATP aerobically 





INDICES OF EXERCISE INTENSITY FOR ENDURANCE SPORTS 

FROM MAXIMAL EXERCISE TESTING AND TRAINING ZONES 
2020 ESC GUIDELINES 

Intensity VO2 max 
(%)

HR 
max (%)

HRR (%)
Rate of 

Perceived 
Exertion 

(RPE) Scale

Training 
zone 

Low/light 
exercise

< 40 <55 <40 2-3 Aerobic

Moderate 40-69 55-74 40-69 4-6 Aerobic

High 70-85 75-90 70-85 7-8 Aerobic + 
Lactate

Very high >85 >90 >85 9-10 Aerobic + 
Lactate + 

Anaerobic





https://www.heart.org/en/healthy-living/fitness/fitness-basics/aha-recs-for-physical-activity-infographic



Athlete’s Heart

• Regular exercise promotes structural, functional, and electrical 
remodeling of the heart → referred to as the “athlete’s heart.”

• Athlete’s heart refers to normal changes from regular exercise, 
i.e., an adaptive increase in cardiac chamber size and wall 
thickness that is promoted by the volumes and pressure loads 
of exercise resulting in improved function and efficiency.

• Significant exercise-related remodeling is rarely associated 
with adverse clinical effects.  Although afib is more common in 
endurance athletes (related to remodeling or genetics?).

(J Am Coll Cardiol 2022;80:1346–1362)



Athlete’s Heart: Past to Present

• 1890’s – Swedish physician Henschen used auscultation and 
percussion to demonstrate increased cardiac dimensions in 
Nordic skiers.

• Early 1900’s – Paul Dudley White studied radial pulse rate and 
patterns in Boston Marathon competitors. Noted high 
prevalence of sinus bradycardia.

• 1960’s to 1970’s – CxR & ECGs

• 1970’s to 2000’s – Echocardiography 

• 2000 – Present – Echo + MRI 

(Circulation. 2011;123:2723-2735.)



Athlete’s Heart: Adaptive vs. Maladaptive 

• 1902 – Postulated that cardiac enlargement in athletes is a 
form of overuse pathology.

• 100+ year debate with no clear evidence to substantiate its 
validity.

• Long-term studies are needed.

• Modern view – athlete’s heart implicates adaptive physiology, 
not preclinical disease.

• There remains evolving ambiguity and controversies.



Hemodynamic Effects of Exercise

Endurance (Aerobic)

Sustained  CO → SV 

Normal or    PVR

 cavity size

Resistance (Anaerobic)

Normal or slightly  CO

 PVR

 LV wall thickness

CONCENTRIC     NORMAL         ECCENTRIC

“Hypertrophy”      “Dilatation”



Hypertrophy

(Proteomics)

MALADAPTIVE

Hypertrophic Signaling



Are Athletes Born or Created?

J Am Coll Cardiol 2022;80:1346–1362.



Low Dynamic Moderate

Dynamic

High

Dynamic

Low Static Bowling

Golf

Baseball

Tennis (doubles)

Volleyball

X-Country skiing

Raquetball

Running (long)

Tennis (singles)

Soccer

Moderate Static Archery

Auto racing

Equestrian

Football (Amer)

Rugby

Figure Skating

Basketball

Ice hockey

Football (Aust.)

Swimming

Running (mid)

High Static Gymnastics

Karate/Judo

Rock climbing

Weight lifting

Downhill skiing

Wrestling

Boxing

Canoeing

Cycling

Rowing



Maron B. and Pelliccia A.  Circulation. 2006;114:1633-1644.





Female Athlete’s Heart

• Women are under-represented in sports cardiology research.

• 2020 study

720 Olympic athletes (360 men, 360 women)

To define the electrocardiographic and morphological 
features of female athlete’s heart, with special attention to 
differences related to sex and sport

Mean age: 23±5 years

Clinical evaluation, resting ECG, exercise stress test and 
echocardiography

Circ Cardiovasc Imaging. 2020;13:e011587. DOI: 10.1161/CIRCIMAGING.120.011587



Findings – Female Athletes

• ECG Higher proportion of anterior T wave inversion  

• ETT Lower response in absolute systolic and diastolic BP

• Echo

Circ Cardiovasc Imaging. 2020;13:e011587. DOI: 10.1161/CIRCIMAGING.120.011587



Conclusions

Electrical and structural cardiac remodeling significantly differs 
between male and female athletes, with females:

• presenting a higher proportion of anterior T wave inversion

• lower blood pressure response to exercise

• less criteria of biventricular hypertrophy

• a different pattern of LV and RV remodeling. 

• Female athletes usually maintain a normal LV geometry with
larger relative increase of LV and RV cavity dimensions 
compared with male athletes when normalized to body size.

Overall, these findings support the concept that sex has a profound 
effect on cardiac remodeling, and theorems derived from men 
cannot be directly applied to female athletes.



Female Athlete’s Heart

J Am Coll Cardiol 2022;80:1346–1362.



Common Findings in Athletes

J. Cardiovasc. Dev. Dis. 2023, 10, 68.  https://doi.org/10.3390/jcdd10020068



Pellicicia A et al.  NEJM  1991;324:295-301.



Semsarian C, Sweeting J, Ackerman MJ. Sudden cardiac death in athletes. British J of Sports Med. 2015;49:1017-1023.



Shrinking the Grey Zone

Rev. Cardiovasc. Med. 2023; 24(5): 151



HCM

Unusual patterns of LVH

LV Cavity < 45 mm

LV Cavity > 55 mm

Marked LA Enlargement

Bizarre ECG Patterns

Abnormal LV Filling

Female Gender

Thickness w/ Decondition

Family History of HCM

Max VO2 > 45 ml/kg/min

                > 100% predicted

Maron BJ. J Am Coll Cardiol. 2005.

Athlete’s 

Heart

“Grey Zone” of LV Wall 

Thickness (13-15 mm)
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Hypertrophic Cardiomyopathy



Hypertrophic Cardiomyopathy



Hypertrophic Cardiomyopathy

Heart Fail Rev 26, 1023–1036 (2021). https://doi.org/10.1007/s10741-020-09931-1



Magnetic Resonance Imaging, Volume: 23, Issue: 1, Pages: 1-8, First published: 05 December 2005, 
DOI: (10.1002/jmri.20473) 



Morphologic Variants

J Am Coll Cardiol 2009;54:201-211.



Pathologic & Imaging Variants

European heart journal cardiovascular Imaging 16 3 (2015): 280.



Pathophysiology 



Potential Adverse Outcomes



Mortality & Heart Failure



Diagnosis







Screening & Follow-up





Management

Lifestyle modifications

• Optimal hydration

• Avoidance of caffeine and alcohol

• Appropriate exercise and diet to maintain fitness

Asymptomatic patients do not require medications

• Beta-blockers

• Calcium channel blockers (e.g., Verapamil)

• Disopyramide

• Diuretics – cautiously as needed









Battle of Marathon (490 BC)
Persian invasion of Greece

Pheidippides, after running 
25 miles from the battlefield 
near Marathon to Athens to 
announce the Greek victory, 
suddenly collapsed and died.



Sudden Cardiac Death in Athletes



Sudden Cardiac Death

www.jafib.com. Dec 2019 - Jan 2020| Volume 12| Issue 4

http://www.jafib.com/


Epidemiology

• 60 million kids ages 6-18 play sports per year

• 7,600,000 High School Athletes

• 550,000 College Athletes

• 187,000 Division I College Athletes

• 35,000 Professional Athletes (88% men)



Risk of SCD

• Variable estimates due to variable definitions of an athlete

• Factors altering the risk Gender, Race, Type of Sport

• Wide range 1 in 3,000 to 1 in 1,000,000

• High School Athletes 1 in 200,000

Methodist Debakey Cardiovasc J. 2016 Apr-Jun; 12(2): 76–80.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4969030/


Etiology Stratified by Age

J. Cardiovasc. Dev. Dis. 2023, 10, 68.



J. Cardiovasc. Dev. Dis. 2023, 10, 68.



Pathophysiology

JACC. Volume 61. Issue 10. 12 March 2013, Pages 1027-1040



Gilman JK, Naccarelli GV.  Curr Prob Cardiol Nov 1992.



Prevalence of Cardiac Abnormalities in 
Student-Athletes





J Am Coll Cardiol HF2018;6:30–40.



Prevention

• Sudden cardiac death in athletes may be 

prevented through the implementation of policies 

aimed at identifying cardiac conditions that may 

pose a risk in asymptomatic individuals 

(screening) and policies that increase the 

likelihood of successful resuscitation of cardiac 

arrests.



Paul Dorian. Journal of the American Heart Association. Policies 

to Prevent Sudden Cardiac Death in Young Athletes: 

Challenging, But More Testing Is Not the Answer, Volume: 9, 

Issue: 8, DOI: (10.1161/JAHA.120.016332) 

Copyright © 2020 The Authors. Published on behalf of the 

American Heart Association, Inc., by Wiley Blackwell

Screening



European Heart Journal (2023) 44, 1084–1092
https://doi.org/10.1093/eurheartj/ehad017



No Consensus

United States

• History 

• Physical

Europe

• History

• Physical

• 12-lead ECG

Italy

• + Echo



Emergency Action Plan



Summary

Exercise
• Basics overview of exercise physiology
• Types of exercise & cardiac remodeling
• Beneficial effects of physical activity & your health 

Athlete’s Heart
• Regular exercise promotes structural, functional, and electrical remodeling of the heart
• Gender differences & the need for increased research involving women

Hypertrophic Cardiomyopathy
• Genetics
• Morphologic and pathophysiologic phenotypes
• Clinical Findings
• Diagnostic evaluation & management
• Screening

Sudden Cardiac Death in the Athlete
• Epidemiology
• Etiologies
• Pathophysiology
• Screening & Prevention 
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