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SPORTS AND ATHLETE’S HEART 

 

Definitions 

Characteristics of exercise and indices of intensity are presented in Table 1 and Figure 1. The 

definition of an athlete is imprecise, but athlete can be defined as someone who engages in 

routine vigorous training (e.g., >150 minutes per week) and is skilled in exercises, sports, or 

games requiring physical strength, agility, or stamina.1 Athletic training is associated with a 

spectrum of morphologic and functional cardiac adaptations known as the “athlete’s heart”.2-5  

 

Sports and Cardiac Health 

Physical activity is beneficial for most cardiac conditions, and exercise has a beneficial effect 

on several risk factors for atherosclerosis.4 Indices of exercise intensity are presented in Table 

2.  In most situations, however, a U curve phenomenon exists. Longstanding endurance 

exercise may modestly increase the risk of coronary atherosclerosis but with a more benign 

composition of calcified atherosclerotic plaques.6,7 Atherosclerotic coronary heart disease is 

the leading cause of deaths attributable to CVD and accounts for almost 45% of all cases in 

athletes.8 However, there is strong evidence that elite and amateur athletes live longer than the 

general population.8 Long-term vigorous exercise predisposes to AF in active athletes, 9,10 but 

light to moderate physical activities, particularly leisure-time activity and walking, are 

associated with significantly lower AF incidence in older adults.11 There is an inverse 

relationship between cardiorespiratory fitness and cardiovascular complications or incident 

AF, including in patients with established AF.12-14 Performance-enhancing drugs may have 

an adverse effect on the cardiovascular system by means of directly altering the myocardium, 

vasculature, and metabolism.15 

Recommendations for exercise and sports in apparently heathy individuals or 

individuals with risk factors for cardiac disease are presented in Tables 3-7. 

Recommendations for patients with specific disease entities are presented in relevant 

Chapters. An algorithm for cardiovascular assessment of potentially increased risk individuals 

is proposed in Figure 2.  

 

Exercise-induced Cardiac Remodelling 

Isotonic exercise, ie endurance exercise with activities such as long-distance running, 

cycling, and swimming, results in sustained elevations in cardiac output, with normal or 

reduced peripheral vascular resistance. It represents primarily a volume challenge for the 

heart that affects all 4 chambers.16,17 Isometric exercise, ie strength training, results in 

increased peripheral vascular resistance and normal or only slightly elevated cardiac output. 
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This increase in peripheral vascular resistance causes transient but potentially marked systolic 

hypertension and LV afterload.16 

LV hypertrophy and dilatation in isotonic and hypertrophy in isometric exercise. 

Mild reductions of LVEF might be seem although there is evidence that both systolic and 

diastolic LV function may improve with exercise. 

RV dilatation and increased free wall thickness have been seen in athletes with 

isotonic exercise or isometric exercise. Electrocardiographic RV hypertrophy does not 

indicate underlying pathology.18 19 In  black athletes, training-related RV enlargement may  

even mimic ARVC.18 Intensive, endurance exercise of increased duration (ie marathon 

runners) has also been reported to result in transient RV dysfunction that is usually reversible, 

although septal fibrosis was seen in athletes with intensive training for prolonged periods.20 In 

athletes with normal cardiac function at rest, echocardiographic and CMR measures of RV 

function performed during exercise may reveal RV contractile dysfunction among athletes 

with RV arrhythmias, and may assist risk-stratification.20 However, permanent RV damage in 

elite endurance Caucasian athletes with lifelong high training volumes has not been 

documented.21 

Aortic root may be slightly dilated (1.6 mm compared to controls), but marked aortic 

root dilatation represents a pathological process and not a physiological adaptation to 

exercise.22 

Slightly larger left atrium has also been detected in in trained athletes. 

Intensive and long-lasting endurance exercise such as a full distance Marathon, results in high 

cardiovascular strain whose clinical relevance especially for middle-aged and older athletes is 

unclear and remains a matter of controversy.23  

 Resting bradycardia (HR ≤40 bpm) and pauses of 2 to 3 s are present in a 

significant proportion of endurance athletes and are well tolerated. Both fitness and genetic 

variation contribute to sinus node function in endurance athletes.24 

 

Arrhythmias in Athletes 

Syncope and sudden cardiac death in athletes are discussed in the relevant Chapters.  Other 

arrhythmias in athletes (SVT, AF, VT) are discussed in the relevant chapters. Common 

cardiovascular conditions associated with sudden death in athletes are presented in Table 8.  

 

Interpretation of the ECG in Athletes 

Differentiation between adaptive and pathological ECG changes in athletes is not always 

easy. The most recent recommendations have been published by EHRA,25 an international 
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group of experts who have updated the Seattle criteria,26 and the European Association of 

Preventive Cardiology of the ESC.27 

ECG patterns seen in athletes are presented in Tables 9-12. There has been evidence, 

that isolated QRS voltage criteria (Sokolow-Lyon) for RV hypertrophy may be a non-

pathologic,  adaptive  change, whereas left  or right axis deviation, and left or right atrial 

enlargement may be considered minor training-unrelated abnormalities as indicated in Table 

2.28 African athletes display a large proportion of ECG abnormalities, including an increase in 

R/S-wave voltage, ST-segment elevation, and inverted or diffusely flat T waves.29 30 

Points for differentiating between adaptive changes and truly pathologic findings are:  

1. Sinus bradycardia is normal.31 Only heart rates <30 bpm and pauses >=3 sec during wake 

suggest SSS. First and second degree Type 1 (Wenckebach) blocks are benign and usually 

resolve with hyperventilation or exercise. However, anti-Ro/SSA-antibody testing is now part 

of the diagnostic work-up of athletes with isolated AVB, also including non-advanced forms 

such as marked PR-interval prolongation >400 ms and diurnal second-degree Mobitz-1 

AVB.27 

2. Isolated axis deviation does not indicate further investigation, unless there is a history of 

pulmonary disease or systemic hypertension.  

3. LV hypertrophy needs further evaluation only in the presence of family history of sudden 

cardiac death, or non-voltate ECG criteria suggesting pathological ECG hypertrophy. 

4. Q waves >3mm in depth and/or >40 ms duration in any lead except aVR, III, and V1, 

suggest HOCM. Standard criteria for MI in athletes should also be considered in those >40 

years of age. 

5. Inferolateral early repolarization patterns may be seen in young athletes and is a dynamic 

phenomenon caused by exercise.32 Two types predominate: an elevated ST-segment with 

upward concavity and positive T-wave is seen in Caucasians, and an elevated ST-segment 

with upward convexity and negative T-wave in African-Caribbean athletes (Figures 4-8). The 

combination of J-point elevation and T wave inversion is not considered an abnormal finding 

among both Caucasian or Afro Caribbean athletes. Conversely, ST-segment elevation without 

J-point elevation preceding anterior T wave inversion may reflect cardiomyopathy.33 

Pathological early repolarization patterns are discussed in Genetic Channelopathies. 

6. Up to 25% of athletes of African/Afro-Caribbean descent (black athletes) and 5% of white 

athletes also have T wave inversion of unclear clinical significance.34 Repolarization 

abnormalities are more common among West and Middle African, than East and North 

Africans athletes.35 T wave inversion seen in leads aVR, III and V1 and in V1-V4 when 

preceded by domed ST segments in asymptomatic Afro-Caribbean athletes is considered 

physiological.29 It has to be differentiated from pathological T wave inversion that is 

associated with cardiac pathology in up to 45% of other athletes as detected by CMR.36 HCM 
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was the commonest pathology (81%) in this series, and echocardiography did not identified 

pathology in up to 50% of the cases.36 The prevalence of cardiomyopathy in white athletes 

with T-wave inversion is higher compared with black athletes with T-wave inversion (30% 

versus 12%).34 

7. Anterior T wave inversion confined to leads V1 and V2 may be a normal variant or 

physiological phenomenon in asymptomatic white individuals without a family history of 

relevant heart disease.37 

8. Incomplete RBBB (QRS<120 ms) is common. However, it should be differentiated from 

ARVC (Figure 7 and Table 11), and Brugada syndrome (Figure 8). Complete LBBB or 

RBBB with hemiblock necessitates cardiological work-up including myocardial imaging. 

ECG of the siblings should be also obtained to exclude genetically determined AV conduction 

disease.38 

9. Suspicion of long QT (> 470 ms in men and > 480 ms in women) or short QT (<340 msec) 

should lead to evaluation by a specialist. A QTC <=380 ms may also be a marker of abuse of 

anabolic androgenic steroids. 

10. WPW needs ablation for the elimination of the very low risk of sudden death, particularly 

since athletes may develop AF. Exclusion of conditions such as Ebstein disease, HCM and 

glycogen storage cardiomyopathy should be undertaken. 

11. Isolated PVCs (1 on a resting ECG( with RVOT or fascicular morphology do not require 

further investigation.31 Investigations are undertaken with more than 1 PVC on a resting ECG. 

12. Female athletes exhibit less hypertrophy, dilation, right ventricular remodelling, coronary 

atherosclerosis, myocardial fibrosis, and sympathetic tone than males, reducing sources for 

fatal arrhythmias. Nonetheless, in female athletes, a LV wall thickness > 12mm, LVEDD >= 

60mm, concentric hypertrophy/ remodelling, and inferior or lateral TWI may represent 

cardiac pathology, warranting investigation for structural abnormalities.39  

 Recommendations for management of abnormal ECG findings are provided in 

Figures 9-13. 

 

Pre-participation Screening and Recommendations for Eligibility  

and Disqualification 

A mandatory national preparticipation screening strategy with routine ECGs is recommended 

by the European Society of Cardiology,40 and the International Olympic Committee,41 mainly 

based on the beneficial results of screening observed in the Veneto region of Italy.42  

The American Heart Association has expressed reservations about the cost-efficiency and 

effectiveness of such screening (Tables 13 and 14), 43  that has been adopted by the ESC 40 

(Table 15 and Figure 14). Although debatable,44 there is evidence in favor of a closer scrutiny, 
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especially since cardiac symptoms before death are often found. 36,45-48 A US Interassociation 

Consensus Statement also favors a pre-participation evaluation of college student-athletes.49 

Genetic testing is rarely useful, with a low reported yield for pathogenic disease-causing 

genetic mutations in athletes (10%).34  

Recommendations for the indication and interpretation of cardiovascular imaging 

(including novel techniques such as 3-D echocardiography and speckle tracking-derived LV 

global longitudinal strain)  in athletes have been published by the European Associations of 

Preventive Cardiology and Cardiovascular Imaging (Figures 15 and 16).50 The European 

Associations of Preventive Cardiology has also published recommendations for participation 

in competitive sports of athletes with arterial hypertension,51 coronary artery disease,52 and 

myocarditis and cardiomyopathies.53 A goal of <140/90 mmHg (140/85 mm Hg in diabetics) 

is recommended in athletes,51 as opposed to <130/80 mm HG recommended by the 

ACC/AHA guidelines on hypertension.54 Sports according to risk of impact and educational 

background are presented in Table 16. Risks and Participation Considerations Related to 

Anticoagulation and Bodily Collision are presented in Table 17.55 

Athletes with genetic heart diseases predisposing to SCD are restricted from playing 

competitive athletics. However, those who return to play after expert risk stratification and 

tailoring of therapy face a low risk of cardiac events.56 Clinical consideration in athletes with 

known cardiac abnormalities are presented in Tables 18-26. 
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