
©
 M

AK
IE

N
I/

ST
O

CK
.A

D
O

B
E.

CO
M

ECG changes 
in athletes
What is normal and 
when should I worry?
ALICE PEARLMAN BSc, BMed

BELINDA GRAY BSc(Med), MB BS, PhD, FRACP, FCSANZ, FHRS

Sudden cardiac death is the leading cause of nontraumatic 
mortality in athletes. ECG screening is becoming 
increasingly mainstream. Accurate interpretation of an 
athlete’s ECG is necessary to ensure that underlying 
cardiac pathology is detected and managed appropriately, 
and unnecessary investigations are not pursued.

S
udden cardiac death (SCD) is the leading cause of non­
traumatic mortality in athletes.1 Paradoxically, athletes may 
have an increased risk of SCD compared with sedentary 
individuals of a similar age.2 The prevalence of SCD in the 

general population has been shown to be 1.3/100,000 among indi­
viduals aged 1 to 35 years according to a population-based study in 
Australia and New Zealand,3 whereas a much higher incidence of 
SCD of 6.8/100,00 has been shown in adolescent soccer players in 
the UK.4 Similarly, a study in Italian athletes reported a three times 
higher incidence of SCD in athletes versus nonathletes.5 A higher 
rate of sudden death has also been shown in male athletes, black 
athletes and basketball players.6 

Underlying structural, genetic and arrhythmogenic cardiac 
diseases, such as long QT syndrome (LQTS), hypertrophic cardio­
myopathy (HCM) and arrhythmogenic cardiomyopathy (ACM), 
may predispose an athlete to SCD.7 In addition, physiological 
adaptations to exercise can occur in the hearts of athletes, which can 
lead to changes in their ECGs.1 If these ECG changes are 
misinterpreted, pathology can be missed or unnecessary investiga­
tions can be performed, which can cause undue stress for athletes 
and their families, and are costly for athletes, their clubs and the 
healthcare system. Therefore, when interpreting an athlete’s ECGs, 
it is important to differentiate normal physiological changes from 
underlying cardiac pathology. 
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Key points
•	 Athletes may have an increased risk of sudden cardiac death

compared with sedentary individuals of a similar age.
•	 Underlying structural, genetic and arrhythmogenic cardiac 

diseases, such as long QT syndrome, hypertrophic 
cardiomyopathy and arrhythmogenic cardiomyopathy, may 
predispose an athlete to sudden cardiac death.

•	 Physiological adaptations to exercise can also occur in the 
hearts of athletes, which can lead to changes in their ECGs.

•	 Accurate interpretation of an athlete’s ECG is necessary to 
ensure underlying cardiac pathology is detected and 
appropriately managed, and unnecessary investigations are 
not pursued, which are costly and can cause undue stress for
athletes.

•	 Pre-participation screening, which involves targeted history 
taking, clinical examination and usually a resting 12-lead 
ECG, can help identify individuals at risk of underlying cardiac
pathology and inform their exercise prescription and ongoing 
management.

FEATURE  PEER REVIEWED  
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Pre-participation screening, which involves targeted history taking, 
a clinical examination and usually a resting 12-lead ECG, helps 
identify individuals at risk of underlying cardiac pathology and helps 
inform their exercise prescription and ongoing management. It is 
becoming more widely adopted across all sporting codes, with guide­
lines from the Australasian College of Sport and Exercise Physicians 
recommending that all athletes participating at an elite level be 
evaluated for conditions linked to SCD using pre-participation screen­
ing.8 Up to 66% of SCD cases in athletes have been shown to be 
potentially identifiable on a pre-participation screening ECG, accept­
ing that pre-participation screening has never been proven at reducing 
rates of SCD in athletes.1,9,10 Athletes should be followed up with a 
trained sports cardiologist if abnormalities are identified on pre-
participation screening for further assessment.

ECG changes in athletes
Cardiovascular adaptation to exercise can be seen in athletes who 
participate in regular physical exercise (minimum of 4 hours per 
week).1 These adaptations can lead to specific associated changes on 
the ECG, which may vary depending on gender, race, ethnicity, age, 
body habitus and intensity or type of sport. Females are the quickest 
growing demographic in sport and have different cardiovascular 
adaptations to males. Therefore, a gender-based approach to cardio­
vascular screening is needed.11 

Left ventricular hypertrophy
Left ventricular hypertrophy is considered the most common struc­
tural change occurring with intense exercise. Up to a 20% increase 
in left ventricular wall thickness and cavity size and mass can be 
seen in some athletes. Typically, this is reflected in the 12-lead ECG 
as left ventricular hypertrophy meeting voltage criterion (Figure 1). 
This does not warrant further investigation if no other abnormalities 
are identified on the ECG.1 Some slim athletes may demonstrate an 

ECG showing higher voltage because of a thinner chest wall and 
surface electrodes lying closer to the underlying myocardium.

T-wave inversion
T-wave inversion can be normal in leads V1 to V2, III or aVF. 
Progression in the anterior leads from V1 to V3 can be normal in 
young adolescent athletes, described as a juvenile pattern, and can 
also be normal from V1 to V4 in black athletes when found in 
association with typical upsloping ST elevation (Figure 2). However, 
T-wave inversion in the inferolateral leads (II, III, aVF, V4 to V6, 
Figure 3) represents an abnormal finding. Athletic individuals with 
abnormal T-wave inversion should undergo echocardiography and 
be referred to a sports cardiologist for consideration of further 
testing, such as Holter monitoring and cardiac MRI (Table).

Abnormal T-wave inversion can be an indication of an underlying 

Figure 1. Left ventricular hypertrophy on an ECG in an athlete. This does 
not warrant further investigation if no other abnormalities are found. 

Figure 2. ECG showing upsloping ST elevation and T-wave inversion in 
leads V1 to V3 in a black athlete, which is usually a normal finding. 

Figure 3. ECG showing T-wave inversion in the inferolateral leads in an 
athlete, which represents an abnormal finding and warrants further 
investigation. 
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diagnosis of HCM or ACM (also known as arrhythmogenic right 
ventricular cardiomyopathy [ARVC]). HCM should be suspected 
in athletes with lateral T-wave inversion; however, the T-wave inver­
sion can be widespread, particularly in apical HCM (Figure 4). HCM 
is a genetic condition typically due to pathogenic variants in genes 
encoding for sarcomeric proteins, leading to increased left ventricular 
wall thickness, often in an asymmetrical pattern. ACM should be 
suspected if anterior T-wave inversion is seen beyond V2 in non-black 
athletes, especially with a flat ST segment. Epsilon wave is a rare 
finding on an ECG, but can be seen in individuals with ARVC. 

ACM is an inherited cardiomyopathy typically due to pathogenic 
variants in genes encoding for desmosomal proteins, leading to 
fibrofatty replacement of the myocardium with the individual at 
risk of malignant arrhythmias triggered from abnormal substrate. 
It has been shown on recent postmortem studies that 87% of indi­
viduals with ACM have some involvement of the left ventricular 
myocardium; therefore, the disease is no longer considered to be 
isolated to the right ventricle, and is now more widely accepted to 
be known as ACM rather than ARVC.12 ACM has been shown to be 
associated with up to 16 times increased risk of SCD in competitive 

FEATURE  ECG CHANGES IN ATHLETES  CONTINUED

Table. Electrocardiographic red flags requiring further investigation

Abnormal ECG Suspected pathology Additional testing

T-wave inversion in the inferolateral
leads

HCM
Dilated cardiomyopathy
Myocarditis
Coronary artery disease

TTE ± cardiac MRI
Holter monitoring

T-wave inversion in the anterolateral 
leads

ARVC/ACM TTE ± cardiac MRI
Holter monitoring
Signal averaged ECG 

Prolonged QT interval
QTc >470 ms in males
QTc >480 ms in females

Long QT syndrome Detailed history (e.g. syncope, medication use)
Bloods (EUC/CMP)
Exercise stress test – QTc in recovery 
Consider family screening/genetic testing

Shortened PR interval (<120 ms) 
(ventricular pre-excitation)

Wolff-Parkinson-White Syndrome TTE 
Exercise stress test

Brugada type 1 pattern Brugada syndrome High praecordial lead ECG (V1 and V2 in 2nd or 3rd intercostal space)
Sodium channel blocker challenge (e.g. ajmaline)
Medication history 
TTE
High lead 12-lead Holter monitoring

Multiple premature ventricular 
contractions

ARVC/ACM
HCM
Myocarditis

24-hour Holter monitoring
Exercise stress test
TTE ± cardiac MRI

Epsilon wave ARVC/ACM TTE
Cardiac MRI 
Holter monitoring

Sinus bradycardia <35 beats per minute or pauses while 
awake of >3 seconds 

Exercise stress test 
Holter monitoring

Left bundle branch block Myocarditis
Cardiomyopathy
Coronary artery disease

TTE
Exercise stress echocardiography
CTCA ± coronary angiography

Pathological Q-waves Ischaemic heart disease
HCM
Dilated cardiomyopathy

TTE
Cardiovascular risk assessment
Exercise stress echocardiography
CTCA ± coronary angiography

Abbreviations: ACM = arrhythmogenic cardiomyopathy; ARVC = arrhythmogenic right ventricular cardiomyopathy; CMP = comprehensive metabolic panel; CTCA = CT coronary angiography;  
EUC = electrolytes, urea and creatinine; HCM = hypertrophic cardiomyopathy; TTE = transthoracic echocardiography.
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athletes compared with noncompetitive individuals.12 
Endurance and high-intensity exercise has been shown to lead to 

earlier disease onset and more severe phenotypic expression of ARVC/
ACM. This has led to recent guidelines recommending that athletes 
with ACM abstain from competitive sports.5 This includes athletes 
who are genotype-positive phenotype-negative (i.e. carry a causative 
genetic variant but do not yet have any evidence of cardiac phenotype 
on investigations, such as echocardiography or cardiac MRI).5,13 Both 
HCM and ACM are genetic conditions, typically inherited in an 
autosomal dominant manner. Therefore, a diagnosis has implications 
for first-degree family members, who carry a 50% risk of the same 
condition.

Sinus bradycardia and atrioventricular block
Sinus bradycardia is common in athletes, especially those who par­
ticipate in endurance sports, due to increased vagal tone. A resting 
heart rate as low as 35 beats per minute is accepted in athletic indi­
viduals. Atrial ectopic rhythm and wandering pacemaker are normal 
variants, reflecting an increased vagal tone. First-degree heart block 
(PR interval >200 ms) does not warrant further investigation, unless 
the PR interval is severely prolonged (>400 ms). Pauses (especially 
during sleep) are common in athletes and do not warrant further 
investigation, unless more than 3 seconds while awake. Second-degree 
Mobitz type 1 (Wenckebach) block is also considered normal in 
athletic individuals. Type II second-degree atrioventricular block 
and complete heart block are not normal, and warrant further 
investigation.

Prolonged QT interval
The QT interval describes myocardial repolarisation, and should be 
measured from the start of the QRS complex to the end of the T-wave. 
The QT interval is best measured in leads II and V5 (excluding 
U-waves) and is rate dependent, requiring correction using the 
recommended Bazett’s heart rate correction formula (QTc = QT/
square root of R-R interval). Average QT interval ranges differ 
between sexes, with QTc for females typically measuring longer than 
those for males. Significant QTc prolongation can be associated with 
an increased  risk of Torsades de pointes and therefore SCD. Signif­
icant shortness of the QTc duration of less than 320 ms can be 
associated with atrial fibrillation or ventricular arrhythmias, and is 
a very rare genetic condition.

In athletes, a high vagal tone and increased left ventricular mass 
can prolong the QTc interval. Acceptable upper limits of normal for 
QTc are less than 470 ms in males and less than 480 ms in females. 
QTc shortening or prolongation can be caused by use of medications 
(e.g. antibiotics, antipsychotics, antidepressants) or electrolyte abnor­
malities, and should prompt a targeted medication history and 
biochemistry. 

A QTc of more than 500 ms is considered diagnostic of LQTS in 
the absence of acquired causes of QT prolongation (Figure 5). LQTS 
is an inherited arrhythmia syndrome, affecting one in 2000 individ­
uals.1 LQTS is due to pathogenic genetic variants in genes associated 

with QT prolongation. The three dominant genotypes, KCNQ1 
(LQT1), KCNH2 (LQT2), SCN5A (LQT3) represent up to 80% of 
congenital LQTS diagnoses. The diagnosis should be suspected in 
an individual athlete with a QTc of more than 470 ms (males) and 
more than 480 ms (females), especially in the presence of a family 
history or symptoms, such as unexplained syncope (Box). An exercise 
stress test is recommended for further investigation, with monitoring 
of a prolonged recovery period, including measurement of the QTc 
at 4 minute recovery.1  

Brugada ECG patterns
Type 1 Brugada pattern is characterised by a typical coved-shaped ST 
elevation of more than 2 mm with associated inverted wave (rSr’) in right 
praecordial leads (Figure 6), and is diagnostic of Brugada syndrome if 

Figure 4. ECG showing arrhythmogenic right ventricular 
cardiomyopathy/arrhythmogenic cardiomyopathy with isolated 
premature ventricular contraction.

CardiologyToday

Figure 5. Long QT syndrome: QTc best measured in lead II or V5. 
Measured from the beginning of the QRS complex to the end of the 
T-wave. This is determined by the intercept of the isoelectric line with the 
tangent through the maximal slope of the T-wave (as shown in the inset).

Figure 6. ECG showing a coved-shaped ST elevation in right praecordial 
leads consistent with Brugada type 1 pattern in a 25-year-old athlete.
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demonstrated on the surface ECG. A type 2 Brugada pattern is typically 
a saddle back appearance in the right praecordial leads and is not diag­
nostic of Brugada syndrome. If there is clinical suspicion of Brugada 
syndrome on the surface ECG, it is recommended to perform an ECG 
with high lead placement (move the praecordial leads to the 2nd or 3rd 
intercostal space) to represent the anatomical position of the right 
ventricular outflow tract. A spontaneous type 1 Brugada ECG pattern 
requires further investigations irrespective of symptoms and is diag­
nostic of the Brugada syndrome. Brugada syndrome is an inherited 
arrhythmia syndrome, with a prevalence of about one in 2000 
individuals, which may increase the chance of sudden death (particu­
larly, during sleep). These individuals should be referred to a genetic 
cardiologist or electrophysiologist for further assessment. 

Other ECG patterns
ECG findings that may represent underlying coronary artery disease 
include pathological Q-waves (Q-wave >25% QRS complex), espe­
cially in association with T-wave inversion in same leads, or a left 
bundle branch block. Coronary artery disease is the leading cause 
of SCD in older athletes (aged >35 years). A clinical history of exer­
tional chest pain or dyspnoea, especially in the presence of cardio­
vascular risk factors, warrant further investigation with a cardiologist 
(Box). Further investigations include an exercise stress test or exercise 
stress echocardiography, CT coronary angiography or invasive 
coronary angiography. 

Congenital coronary anatomy anomalies are an important com­
mon cause of sports-related SCD. Symptoms such as exertional 
dyspnoea, syncope, chest pain or arrhythmias are red flags (Box), 
which should precipitate further investigations. Baseline ECG may 
be normal, with further imaging, such as an echocardiography, CT 
coronary angiography or exercise stress echocardiography, usually 
required to determine the diagnosis. 

Conclusion 
Pre-participation screening aims to identify individuals at risk of 
sports-related cardiac arrhythmias, or even SCD due to underlying 
cardiac structural or electrical abnormalities, through a combination 

of thorough clinical history taking, physical examination and resting 
12-lead ECG by a specialist trained in sports cardiology. Further 
evaluation usually by a sports cardiologist is recommended if there 
are ECG abnormalities or the clinical history or physical examination 
findings are abnormal. It is important to identify individuals who 
may be at risk, without overdiagnosing or overinvestigating ECG 
changes that are normal for an athlete. There are age, sex, sporting 
type and racial factors that influence an individual’s specific cardiac 
adaptation to exercise, which need to be considered when assessing 
the athlete’s phenotype. 

If there are questions following pre-participation screening, it 
is important that all stakeholders (including the athlete, team, club 
and family) work together with the full sports cardiology multidis­
ciplinary team at an experienced cardio-genetics/sports cardiology 
centre to ensure appropriate risk-stratification, management and 
adequate support for the athlete being assessed.�   CT
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Red flags on clinical history and examination requiring 
further investigation

•	 Unexplained syncope or presyncope (HCM, Wolff-Parkinson-White 
syndrome, long QT syndrome) 

•	 Exertional chest pain/dyspnoea (coronary artery disease, left 
ventricular noncompaction, congenital coronary anatomy anomalies)

•	 Family history of sudden cardiac death or sudden infant death 
syndrome (long QT syndrome, ARVC/ACM, Brugada syndrome, HCM)

•	 Murmur (coarctation of aorta, left ventricular hypertrophy, HCM)

•	 Radial-radial delay/radial-femoral delay, blood pressure discrepancy
between the arms (coarctation of aorta)

Abbreviations: ACM = arrhythmogenic cardiomyopathy; ARVC = arrhythmogenic right 
ventricular cardiomyopathy; HCM = hypertrophic cardiomyopathy.
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