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Abstract
Objective: This study aimed to investigate changes in cardiac function in child athletes.

Methods: Electrocardiogram and echocardiograms of 136 child athletes were included. Heart rate, rhythm, electrical axis, P wave duration, PR inter-
val, QRS interval, sum of V1-S + V5-R wave amplitude, V1-S/V5-R amplitude ratio, sum of V1-S + V6-R wave amplitude, V1-S/V6-R amplitude ratio, 
QT and QTc intervals, QT and QTc dispersions, JT and JTc intervals T peak-end (Tp-e) interval, presence of early repolarization pattern, left ventricular 
internal dimension in diastole and systole, and fractional shortening were recorded. The data were compared to the control group of 90.

Results: In the child athletes, the mean QRS amplitude, QT interval, QTd, JT interval, Tp-e, left ventricular internal dimension in diastole and systole 
were found to be increased and heart rate was found to be decreased compared to the control group. The differences were statistically significant. In 
children who had exercised more than 1000 hours, mean heart rate was found to be decreased, PR interval, QRS interval, V1-S + V5-R wave ampli-
tude, and left ventricular internal dimension in systole were found to be increased compared to the children who had exercised less than 1000 hours. 
The differences were statistically significant.

Conclusion: Ventricular repolarization got affected in child athletes, and the duration of exercise determined the degree of cardiac change.
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An athlete’s heart is a constellation of structural and functional 
changes that occur in the heart due to long-term physical 

activity.1,2 Accordingly, changes in electrocardiograms (ECGs) and 
echocardiograms (ECHOs) are commonly observed in athletes.3 
An important part of the young population participates in com-
petitive or recreational sports activities. Electrocardiograms pro-
vide important and diagnostic information about cardiovascular 
diseases that cause sudden cardiac death in sports. Physicians are 
frequently asked to interpret an ECG for cardiovascular evalua-
tion of an athlete, and this interpretation is usually made accord-
ing to the general criteria used for the non-athletic population.4 
Therefore, it is useful to know the spectrum of ECG changes in 
order to differentiate between normal and pathological conditions 
of the heart in young athletes.5

Electrocardiogram changes in young athletes can be divided into 
2 groups. In group 1, common and training-related changes include 
sinus bradycardia, sinus arrhythmia, first-degree atrioventricular 
block, early repolarization, left ventricular hypertrophy, incomplete 
right bundle branch block, ST-segment (between the end of the QRS 
complex and the beginning of the T wave) elevation, high T waves, 
and right or left atrial enlargement. Electrocardiogram changes in 
group 2 may indicate underlying cardiovascular disease such as 
inverted T waves using ≥2 consecutive leads, ST-segment depres-
sion, Brugada-like early repolarization, pathological Q waves, left 

atrial enlargement, left axis deviation/left anterior hemiblock, right 
axis deviation/right posterior hemiblock, intraventricular conduction 
defects (complete bundle branch block), ventricular pre-excitation, 
long and short QTc intervals.4,5 Changes in group 2 may indicate 
underlying cardiovascular disease, hereditary cardiomyopathies, or 
ion channel diseases which predispose to sudden cardiac death.6

We aimed to evaluate ECG changes in pediatric athletes. Our 
study may provide more information on the changes in heart func-
tion that could be predictive of cardiac death during sports.

Methods
The study was approved by the Ethics Committee of Prof.  

Dr. Cemil Taşçıoğlu City Hospital (Approval Date: August 27, 
2019, Approval number: 1419). Patients have given their informed 
consent for participation in the research study.

In this study, we analyzed the ECGs and ECHOs of 136 child 
athletes who were admitted to the Pediatric Cardiology Clinic in 
Prof. Dr. Cemil Taşçıoğlu City Hospital for routine examination 
between February 2019 and July 2019. The control group included 
90 healthy children who were referred to the Pediatric Cardiology 
Clinic for regular check-ups and had no abnormalities during a 
cardiac examination, ECG, and ECHO. Children with family his-
tory of a cardiac disease were excluded from the study for both 
groups. Electrocardiograms were performed at 12-lead, 25 mm/sec 
speed and 10 mm/mV calibration.

The age, sex, weight, height, and body mass index (BMI, kg/m2)  
data of all the participants were recorded. Sports types, train-
ing duration (years), frequency (days per week), and exercise 
time (hours per day) were recorded in athletes group. Heart rate, 
rhythm, axis, P wave duration, PR interval (from the beginning of 
the P wave to the beginning of the Q wave), QRS complex duration 
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(from the beginning of the Q wave to the end of the S wave), 
V1-S (S amplitude in lead V1) and V5-R (R amplitude in lead V5)  
wave amplitude sum and ratio, V1-S and V6-R (R amplitude in lead 
V6) wave amplitude sum and ratio, QT interval (from the begin-
ning of the Q wave to the end of the T wave), QTc (calculated with 
Bazett formula), QTd (QT dispersion; the difference between the 
minimum and maximum QT in all leads), QTcd (QTc dispersion: 
the difference between the minimum and maximum QTc in all 
leads in the ECG), JT interval (from the end of the S wave to the end 
of the T wave), JTc (calculated with Bazett formula), Tp-e interval 
(from the peak of the T wave and the end of the T wave), inverted 
T waves, presence of early repolarization pattern (ERP), ECHO, left 
ventricular internal dimension in diastole (LVIDd), left ventricular 
internal dimension in systole (LVIDs), and fractional shortening 
(FS) were recorded and compared to the control group. The same 
parameters were compared in athletes who had exercised more 
than 1000 hours and less than 1000 hours.

All ECGs were analyzed by a pediatric cardiologist and a pedia-
trician, blinded to all clinical details, using a millimeter ruler and 
calipers. Intra- and interobserver variability for the measurements 
was determined as <5%. Measurements were not taken in ECG 
leads which have high artifacts and where the starting or finishing 
point of the waves could not be selected.

Statistical analyses
Quantitative data of groups were analyzed with t tests and qual-

itative data were analyzed with chi-square test using Statistical 
Package for Social Sciences (IBM SPSS Corp., Armonk, NY, USA) 
22.0 software. P < .05 was considered as statistically significant.

Results
In the athletes group of 136 children and control group of 90 

children, male/female ratio was 1.51 and 1.1, respectively. There 
was no statistically significant difference in terms of gender (P = .3).  
In the athletes group, 83 children played football, 16 played bas-
ketball, 10 played volleyball, 10 boxed, 6 participated in athletics, 
and 11 participated in karate. The mean age was 13.1 ± 2.2 years 
in the athletes group and 12.8 ± 1.98 years in the control group 
(P = .33). Also, there were no statistically significant differences 
between the groups in terms of the mean weight, height, and BMI 
(P values were 0.71, 0.16, and 0.16, respectively).

The mean heart rate was 75.2 ± 13.55 beats per minute (bpm) in 
the athletes group and 83.9 ± 12.72 bpm in the control group. The 
difference between 2 groups was statistically significant (P = .001). 

Electrocardiograms showed there were no statistically signifi-
cant differences between the 2 groups in terms of P wave duration, 
PR interval, QRS interval, the sum of V1-S + V5-R wave amplitude, 
V1-S/V5-R amplitude ratio, sum of V1-S + V6-R wave amplitude, 
V1-S/V6-R amplitude, QTc, QTcd, JTc, presence of ERP, and FS. 
These values are presented in Table 1.

Statistically significant differences were found between the 
2 groups regarding the QRS amplitude, QT, QTd, JT, Tp-e, LVIDd, 
LVIDs. These values are presented in Table 2. There were no effect 
of the type of sports on these differences.

Measurements of 85 athletes who exercised less than 
1000 hours were compared to 51 athletes who exercised more 
than 1000 hours. Statistically significant differences were found in 
terms of heart rate, PR, QRS, V1-S + V5-R, LVIDs, and the values 
were shown in Table 3.

Discussion
The ECG parameters of all children included in our study were 

within normal ranges according to their age, but there were 

significant differences between the athletes and the control groups. 
Changes in heart rate, increased left ventricular muscle mass and 
volume, and increased stroke volume are the characteristics of the 
athlete's heart at rest.1,2 The growth of heart sizes contributes to the 
decrease in heart rate.7 In our study, the heart rate was 75.2 bpm 
in the athletes group and 83.9 bpm in the control group and the 
difference was significant (P < .001).

Zdravkovic et al8 examined the ECGs of child football players; P, S, 
R, T wave amplitude, V1-2 S + V5-6 R, QRS interval, T wave duration, 
QTc interval, LVIDs and LVIDd were significantly higher than control 
group. In our study, QRS amplitude, LVIDd and LVIDs were higher  
in the athletes group. These findings could be the early ECG markers 
of physiological left ventricular remodeling in young athletes.

Heart rate was lower, and the mean PR and QRS intervals 
and LVIDs were higher in the children who exercised more 

Table 1. P, PR and QRS Intervals, V1-S + V5-R, V1-S/V5-R, V1-S + V6-R, 
V1-S/V5-R, QTc, QTcd, JTc, ERP, and FS Values in Groups*

Athletes Control P

P duration (ms) 96.2 ± 12.61 95.8 ± 7.91 .75

PR interval (ms) 135.8 ± 19.72 134.1 ± 14.9 .49

QRS interval (ms) 86.77 ± 10.4 85.8 ± 8.62 .48

V1-S + V5-R (mm) 21.4 ± 7.83 20.6 ± 5.92 .43

V1-S/V5-R 0.54 ± 0.23 0.73 ± 0.17 .18

V1-S + V6-R (mm) 18.8 ± 7.04 18.3 ± 6.09 .57

V1-S/V6-R 1.18 ± 0.54 1.48 ± 0.83 .74

QTc interval (ms) 423.6 ± 25.48 427.06 ± 19.13 .28

QTcd (ms) 32.4 ± 15.62 29.2 ± 15.66 .13

JTc interval 324.1 ± 30.18 326.89 ± 20.33 .45

Presence of ERP (n) 21 18 .30

FS 40.68 ± 4.11 40.7 ± 4.38 .98

*Values are given as mean ± standard seviation. n, number; QTc, cor-
rected QT; QTcd, corrected QT dispersion; JTc, corrected JT; ERP, early 
repolarization pattern; FS, fractional shortening.

Table 2. QRS Amplitude, QT, QTd, JT, Tp-e, LVIDd, and LVIDs Values in 
Groups*

Athletes Control P

QRS amplitude (mm) 14.9 ± 4.69 13.5 ± 3.71 .021

QT interval (ms) 382.0 ± 33.48 363.5 ± 21.46 <.001

QTd (ms) 29.6 ± 14.63 25.0 ± 13.64 .01

JT interval (ms) 294.4 ± 35.54 277.8 ± 21.04 <.001

Tp-e interval (ms) 90.3 ± 18.43 79.4 ± 17.18 <.001

LVIDd (mm) 47.4 ± 5.27 44.8 ± 4.48 <.001

LVIDs (mm) 28.4 ± 4.50 26.3 ± 2.92 <.001

*Values are given as mean ± standard deviation. QTd, QT dispersion; 
Tp-e, Tpeak-end; LVIDd, left ventricular internal dimension in diastole; 
LVIDs, left ventricular internal dimension in systole.
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than 1000 hours compared to those who exercised less than 
1000 hours. We used the Sokolow–Lyon criteria for left ventricular 
hypertrophy.9 The mean V1-S + V5-R and V1-S + V6-R amplitudes 
were higher in the more than 1000 hours group compared to the 
less than 1000 hours group. Exercise duration may impact cardiac 
development of child athletes.

Prolonged cardiac repolarization is associated with susceptibility 
to torsades de pointes, which can lead to ventricular tachyarrhythmia 
or ventricular fibrillation.10 Cardiac repolarization can be assessed by 
QT, QTc, QTd, and Tp-e interval.11 Since JT interval and JTc are not 
affected by QRS interval, they are considered to be more valuable 
indices for predicting ventricular repolarization, and their sensitivity 
and specificity are higher than QT and QTc.12 In our study, JT interval 
was longer in the athletes group (P < .001). However, the mean JTc 
was 324.1 ms in the athletes group and 326.89 ms in the control 
group and the difference was not statistically significant (P = .45). In 
our study, QT and JT were found to be longer in the athletes group, 
but when the measurements were corrected according to the heart 
rate, QTc and JTc were not different between the 2 groups. These 
results may be attributed to the athletic low heart rate.

QT dispersion shows the difference in regional ventricular 
repolarization changes.13 In pathological left ventricular hyper-
trophies, QTd increases and can be used as an indicator of the 
tendency to arrhythmia since it is a useful and non-invasive 
method.14 Jordaens et al15 found that QT dispersion in athletes 
with a history of arrhythmic events (96 ± 51 millisecond ) was sig-
nificantly higher than healthy athletes (57 ± 22 millisecond) with 
similar left ventricular structure. In our study, pathological left 
ventricular hypertrophy was not detected but the mean QTd was 
found to be increased in athletes (P = .01). These results suggest 
that it is important to follow up the athletes with high QTd in terms 
of arrhythmia. It has been suggested that ventricular transmural 
repolarization causes arrhythmia in Brugada, short QT, and long 
QT syndromes.16 Tp-e interval is accepted as an indicator of the 
total distribution (transmural, apicobasal, global) of ventricular 
repolarization.11 In our study, the mean Tp-e was higher in the 
athletes group (P < .001). Based on these results, sports may lead 
to regional repolarization changes in children.

Repolarization changes including ST elevation and tall T waves 
are present in 60% of athletes.5,7 Early repolarization pattern is 
considered to be an idiopathic and benign ECG phenomenon, 
occurring in 1-2% of healthy children and usually in men.17 Early 
repolarization pattern is likely to be associated with vagal tonus 

because it occurs when heart beats slowly and disappears after 
exercising or spontaneously.18 In the present study, ERP is defined 
in 21 of athletes group and 18 of control group and the difference 
was not statistically significant (P = .3).

The main limitation of our study is the small number of partici-
pants. Future larger prospective studies are needed with baseline 
ECGs and ECHOs of the athletes.

According to these results, ventricular repolarization may be 
affected in athletic children. Sports may lead to regional repolar-
ization changes. Prolonged cardiac repolarization is associated 
with susceptibility to arrhythmias. The duration of training deter-
mines the degree of cardiac change. These results suggest that it is 
important to follow up the athletes.
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