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Introduction 

Continuous and regular exercise causes changes in the 
structure and function of the heart. This condition, 
accompanied by a decrease in heart rate, hypertrophy 
in the heart muscle, and ventricular enlargement, is 
called athletes' heart (1). These adaptive mechanisms 
in the ventricles are reversible and help to provide 
cardiac output while systolic and diastolic functions 
are preserved and more effective oxygen extraction to 
exercising muscles (2). Changes in heart size and 
hemodynamics previously have been studied with 
two-dimensional, Doppler and 2D speckle-tracking 
echocardiography (3,4). Significant changes have been 
reported in athletes exercising intensely in the left 
ventricular radial and basal circumferential strain 
compared to healthy individuals with a sedentary 
lifestyle (3,5).  

The effect of ventricular hypertrophy on QT 
dispersion was also investigated in athletes. QT 
dispersion is obtained by calculating the difference 
between the longest and shortest QT intervals on 12-
lead-electrocardiography and provides assessment of 
the regional repolarization differences in the 

ventricular muscle. Increased QT dispersion is useful 
in predicting life-threatening arrhythmia and sudden 
death risk (6). However, echocardiographic 
measurements and calculated electrocardiographic 
parameters are not evaluated together in the literature. 

The aim of this study is evaluation of the left 
ventricular structure and function in adolescent age 
group elite athletes using conventional, Doppler, and 
2D Speckle tracking echocardiography methods and 
to investigate their relationship with QT and 
corrected QT dispersion calculated in 12-lead-
electrocardiography. 

Materials and Method 

A group of 38 basketball players admitted to the 
cardiology and pediatric cardiology unit between 
January 2019 and December 2019 for scanning before 
the health report was included in this study. The study 
group was chosen among athletes who exercised at 
least 6 hours/week on average for two years. Age and 
gender-matched 47 untrained adolescents were 
selected as the control group admitted to the 
outpatient clinic in the same period with the diagnosis  
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Fig. 1. Myocardial strain assessment of left ventricle by 
using 2D speckle-tracking imaging. The longitudinal 
global strain was calculated by averaged peak systolic 
value of six segments 

of innocent murmur and normal echocardiographic 
examination. Control group was chosen among 
healthy adolescents with a sedentary 
lifestyle.Exclusion criteria for the patient and the 
control groups were cardiac, chronic infectious or 
inflammatory diseases, anemia, or other hematological 
problems. Approval of the Local Ethics Committee 
and form of informed consent have been acquired for 
the study protocol. 

Echocardiographic Evaluation: The transthoracic 
two-dimensional echocardiography was done by using 
a GE Vivid E9 ultrasound machine. In the parasternal 
long-axis view, end-systolic and end-diastolic 
diameters of the left ventricle, the diastolic posterior 
wall thickness of the left ventricle and thickness of 
the interventricular septum were measured by 3 and 6 
MHz transducers in 2D and M-mode evaluation. In 
the apical four-chamber view, the ejection fraction of 
the left ventricle was measured by modified Simpson's 
method (7). Left ventricular diastolic function was 
assessed by tissue Doppler echocardiography method, 
early diastolic filling velocity (mitral inflow E) and late 
diastolic velocity of atrial contraction (A-wave 
velocities) (E/A), and E/A ratio was calculated (8). 

Speckle-Tracking Imaging and Strain: End 
expiratory cardiac cycles in the apical four-chamber 
view in standard echocardiographic imaging were 
obtained. Data from three serial cardiac cycles were 
averaged, and statistical analysis was done using Echo 
PAC software (version 8.0, GE healthcare PC 2008) 
as described previously (9). The tracking points were 
adjusted from an end-systolic frame manually. A self-
acting tracking algorithm outlined the entire 
myocardial wall, and the analysis of myocardial wall 
motion was performed by speckle tracking. The left 
ventricle's longitudinal, the global strain was 
calculated by the average of the six segments' peak 
systolic values in the four-chamber view. The strain 
curves of poor-quality imaged segments were 
excluded from analyses (Fig. 1). 

Electrocardiography: 12-lead electrocardiography 
with 25 mm/sec at standard leads was taken at rest 

with Nihon Kohden cardiofax GEM device for both 
groups. The QT interval was calculated from the 
beginning of the Q wave to the T wave end. If there 
was a U wave, the T wave's endpoint was defined 
using the tangent method on the descending branch 
of the T wave and determining the intersection with 
the baseline. Bazett's formula (QTc = QT / √RR (s)) 
was used to correct each QT interval for the patient's 
heart rate simultaneously in all leads (10). Three QT 
intervals were measured for every derivation, and they 
averaged. QT dispersion values were obtained by 
subtracting the shortest QT interval from the most 
prolonged QT interval of any 12 electrocardiographic 
leads. The corrected QT dispersion values were also 
obtained by subtracting the shortest corrected QT 
interval from the longest corrected QT interval of any 
12 electrocardiographic leads.  

Statistical Analysis: Data were analyzed using SPSS 
software version 20.0 for Windows (SPSS Inc, 
Chicago, Illinois). Descriptive statistics were 
expressed as means and their standard deviations. The 
normal distribution of numerical data was checked 
with the Shapiro Wilk test. Then, Mann Whitney-U 
test was used for variables that did not show the 
normal distribution, and an independent t-test was 
used for other parameters. Spearman's correlation 
analysis determined the relationships between the 
parameters. Statistical significance was considered as 
p<0.05. 

Results 

This study included 38 athletes (17 F, 21 M) and 47 
healthy untrained adolescents (24 F, 23 M). The mean 
age of the study group was 14.6±1.2 years and 
14.8±0.914 years in controls. The athletes were 
chosen among the adolescents who have exercised at 
least 6 hours/week on average for two years. 
Adolescents in the study group had a regular exercise 
history of 2.5 ± 0.75 years and were trained at least 
ten months per year. Distributions of age and gender 
were similar in between the groups (p> 0.05). Also, 
there was no significant difference in the mean 
systolic and diastolic blood pressures of the groups 
(p> 0.05). The average resting heart rate was 
significantly lower in athletes than that of controls (p 
=0.006). Table 1 shows the demographic data of the 
groups.  

End-diastolic and end-systolic diameters of the left 
ventricle and the end-diastolic and end-systolic 
volumes of the left ventricle were statistically higher 
in the M-mode athlete's echocardiographic 
examination (p<0.05).  

Doppler echocardiography values were similar in 
between the groups except for early atrial filling wave  
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Table 1. Demographic data of the groups 

 Controls (n=47) Athletes (n=38) p 

Age (year) 14.6±1.2 14.8±0.9 0.574 

Sex     

    Female (%) 24 (51.1%) 17 (44.7%) 0.351 

    Male (%) 23(48.9%) 21(55.3%) 0.346 

Height (cm) 155±6.5 156±4.6 0.245 

Weight (kg) 50.3±2.1 51.4±1.9 0.167 

Systolic blood pressure (mmHg) 105.4±10 109.2±9 0.095 

Diastolic blood pressure (mmHg) 64.3±9 68.6±8 0.051 

Resting heart rate (beats/min) 85±8 64±10 0.006 

 

Table 2. Conventional echocardiographic values of the groups 

 Controls (n=47) Athletes (n=38) p 

IVSd (mm) 8.1±1.7 8.3±1.2 0.265 

LVIDd (mm) 39.7±5.9 45.1±3 0.001 

LVIDs (mm) 25±4.3 28.4±2.4 0.003 

LVPWd (mm) 8±1.6 8.1±1.2 0.060 

EDV (mm3) 69.2±25 94.2±15 0.009 

ESV (mm3) 26.5±10 31.6±6.8 0.005 

EF (%) 64.6±5.4 65.6±4.2 0.193 

Mitral E (m/s) 1.03±0.16 0.90±0.12 0.013 

Mitral A (m/s) 0.54±0.9 0.52±0.9 0.550 

Mitral E/A 1.9±4 1.8±4 0.052 

TDIE (cm/s) 12.5±3.2 12.7±1.8 0.300 

TDIA (cm/s) 5.9±1.3 6.2±1.8 0.379 

TDIE/A 2.14±0.5 2.1±0.5 0.714 

Strain (%) 21.2±1.2 20.8±2.2 0.257 

IVSd; Interventricular septal thickness at end diastole; LVIDd: Left ventricular internal diameter at end diastolic; LVIDs: 
Left ventricular internal diameter at end systolic; LVPWd: Left ventricular posterior wall thickness at end diastole; EDV: 
End diastolic volume; ESV: End systolic volume; EF: Left ventricular ejection fraction; E wave: Early atrial filling wave 
velocity; A wave: Atrial contractility wave velocity; TDIE: Tissue Doppler imaging septal E'; TDIA: Tissue Doppler imaging 
septal A'.  

velocities. The global strain values of the athletes were 
lower than that of controls, but this difference was 
not significant (p>0.05) (Table2). There was no 
significant difference in the left ventricular global 
strain values of male and female athletes. 

In the electrocardiographic evaluation, rhythm 
abnormality was not detected in eighter athletes nor 
controls. The intervals of QT and corrected QT were 
statistically lower in athletes whereas, dispersions of 
QT and corrected QT intervals were statistically 
higher in the athletes (p<0.05) (Table 3).  

Spearman's correlation analysis was performed 
between Doppler echocardiographic measurements 
and electrocardiographic parameters, and no 
correlation was detected (Table 4). 

Spearman's correlation analysis demonstrated a 
significant positive correlation between the strain 
values and the corrected QT interval (p=0.043; 
r=0.494), while a significant negative correlation 
between the strain values and the dispersions of QT 
and corrected QT intervals (p=0.001; r=- 0.804 and 
p=0.001; r=- 0.764 respectively) in athletes. There 
was no such correlation in healthy controls (Table 4). 

Discussion 

Cardiac adaptation called 'athlete's heart' is 
hypertrophy and enlargement of the myocardium as a 
result of repeated exercise stimulation. Cardiac output 
increases in repetitive heavy exercises with some 
adaptive mechanisms such as increased left 
ventricular internal  diameter    and    wall    thickness,  
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Table 3. Electrocardiography parameters of athlete and control groups 

 Controls (n=47) Athletes (n=38) p 

QT (ms) 394±28.2 322±33.7 0.005 

QTC (ms) 404±11 375±25 0.001 

QTd (ms) 42.6±7.1 58.7±10.6 0.001 

QTCd (ms) 43.8±7.6 62.5±13 0.001 

PR (ms) 130±15 128±13 0.671 

QT: Interval of QT; QTd: Dispersion of QT interval; QTC: Corrected QT interval; QTCd: Dispersion of corrected QT 
interval; PR: ınterval of PR interval  
 
Table 4. Correlations between the Doppler echocardiography and strain values and other electrocardiographic 
parameters of athlete and control groups 

 Mitral E  p 
(r) 

Mitral A   
p (r) 

E/A         
p (r) 

TDIE       
p (r) 

TDIA      
p (r) 

TDIE/A    
p (r) 

Strain      
p (r) 

Controls         

QT 0.587 
(0.081) 

0.120 
(0.230) 

0.369 
(0.134) 

0.320 
(0.148) 

0.728 
(0.052) 

0.172 
(0.203) 

0.694 
(0.059) 

QTC 0.249 
(0.172) 

0.583 
(0.082) 

0.485 
(0.104) 

0.619 
(0.074) 

0.053 
(0.284) 

0.217 
(0.183) 

0.373 
(0.133) 

QTd 0.055 
(0.327) 

0.414 
(0.122) 

0.655 
(0.067) 

0.383 
(0.130) 

0.614 
(0.075) 

0.581 
(0.81) 

0.058 
(0.303) 

QTCd 0.585 
(0.082) 

0.784 
(0.041) 

0.417 
(0.121) 

0.962 
(0.621) 

0.812 
(0.063) 

0.568 
(0.086) 

0.289 
(0.158) 

Athletes        

QT 0.193 
(0.216) 

0.252 
(0.191) 

0.854 
(0.031) 

0.245 
(0.193) 

0.181 
(0.222) 

0.376 
(0.148) 

0.159 
(0.233) 

QTC 0.155 
(0.235) 

0.962 
(0.008) 

0.245 
(0.193) 

0.255 
(0.189) 

0.779 
(0.054) 

0.660 
(0.074) 

0.043 
(0.494) 

QTd 0.275 
(0.182) 

0.893 
(0.022) 

0.655 
(0.075) 

0.403 
(0.140) 

0.039 
(0.304) 

0.797 
(0.220) 

0.001      
(-0.804) 

QTCd 0.627 
(0.081) 

0.328 
(0.163) 

0.279 
(0.180) 

0.590 
(0.090) 

0.019 
(0.378) 

0.241 
(0.195) 

0.001      
(-0.764) 

QT: Interval of QT; QTd: Dispersion of QT interval; QTC: Corrected QT interval; QTCd: Dispersion of corrected QT 
interval; TDIE: Tissue Doppler imaging septal E'; TDIA: Tissue Doppler imaging septal A'.  

increased blood volume, cardiac pressure, and heart 
rate (11). The cardiovascular benefit of regular 
exercise has been demonstrated, and most sports 
activities are assumed to be good for health (12). 
Despite the fact, the effects of competitive sports and 
heavy exercise program and duration of action is 
uncertain. The importance of athletes' hearts is the 
risk of sudden cardiac death associated with exercise. 
Therefore, the adaptive mechanisms should be known 
to help screen before sports events, and precautions 
should be taken at high-risk athletes. The previous 
studies in the literature included data in either 
echocardiographic imaging or electrocardiographic 
assessment concerning young elite athletes (13-14). 
We evaluated left ventricular dimensions in the 
present study by conventional echocardiographic 
imaging and functions by Doppler and speckle-

tracking imaging and correlated them with the 
electrocardiographic measures. 

The study revealed a significant increase in end-
diastolic and end-systolic internal diameters of the left 
ventricle with the M-mode echocardiography, 
showing an increase in left ventricle cavity dimensions 
as a result of a repeated exercise in young elite 
athletes as previously described (13-15). Moreover, we 
showed an increase in end-diastolic and end-systolic 
volumes in athletes when compared to controls. The 
sports are subdivided into two major groups 
according to the development of the heart's adaptive 
changes. The first group is aerobic, or endurance 
sports described by a large muscle group's 
involvement with dynamic exercising and presented 
'eccentric left ventricle hypertrophy'. The second 
group is resistance or strength-trained sports, which 
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are experienced by repetitive increases in peripheral 
vascular resistance and cardiac afterload and 
presented 'concentric left ventricle hypertrophy' (16). 
However, some sports involve heterogeneity in 
endurance and resistance-trained cardiovascular 
demands, as in basketball. This study's results, which 
showed an increase in both size and volume in 
athletes' heart, are thought to be the consequence of 
the nature of the sport that causes both eccentric and 
concentric hypertrophy. 

Left ventricular fractional shortening and ejection 
fraction have been used to define the left ventricle 
systolic function using conventional 
echocardiography. Previous studies have a 
controversy on these indices of systolic function. It is 
reported that fractional shortening or ejection fraction 
of the left ventricle was not different between athletes 
and matched controls in some studies, while 
significantly higher or lower in athletes in some 
others. But these values were still within normal 
limits, suggesting that there is a normal left ventricular 
systolic function in athletes (11,14,17). This study did 
not find the difference in ejection fraction of left 
ventricle between the groups. We supposed that 
ejection fraction is not enough to show the adaptation 
of left ventricular systolic function in elite athletes.  

In this study, we found early diastolic filling (mitral E) 
wave of the athletes was lower than the controls. This 
result can be attributed to the lower heart rate 
prolonging the diastolic filling period and to the 
resting hyperdynamic state of the athlete's heart.  

However, we did not find any difference in other 
Doppler velocities, demonstrating improved diastolic 
left ventricle function.  

Left ventricular global longitudinal strain is accepted a 
more sensitive measure of systolic function than left 
ventricular ejection fraction in early determination of 
subclinical LV dysfunction (18). However, there is 
heterogeneity in the results of the studies in the 
literature. Some studies demonstrated higher left 
ventricular global longitudinal strain in athletes 
compared to controls (19), while others did not show 
any difference (20,21) or others showed lower values 
in the athletes (13,22). Moreover, in a study, 
Giraldeau et al. reported that female athletes have also 
been found to have higher left ventricular global 
longitudinal strain than male athletes (23). This 
controversy may result from variation in left ventricle 
structure secondary to the training type and intensity. 
This study found no significant difference in global 
longitudinal strain values neither in between athletes 
and controls, nor between in genders.  

Athlete's heart may be related with modifications in 
rhythm and conduction, morphological alterations of 

the QRS complex, and repolarization variances. 
Electrocardiographic changes reported in athletes are 
sinus bradycardia, sinus arrhythmia, sinus pause, PR, 
QRS and QT interval prolongation, right bundle 
branch block and ST elevation (24). Some of the 
previous studies showed no significant difference in 
intervals of QT, corrected QT, dispersions of QT, 
and corrected QT between athlete and control groups 
(6,25,26). On the other hand, some studies reported 
that dispersion of QT and corrected QT were 
increased in athletes and that the increase was 
significantly related to the duration of athletic activity. 
Moreover, it has been suggested that QT dispersions 
can be used as a non-invasive method in the 
evaluation of pathological left ventricular hypertrophy 
and severe ventricular arrhythmia risk in athletes (27-
29). In this study, we found that the dispersion of QT 
and corrected QT values of the athletes were 
significantly higher than in controls. The dispersion of 
QT states segmental differences in repolarization of 
ventricles. The longer the recovery time, the greater 
the risk of arrhythmia and sudden death (25). In this 
study, we revealed that athletes might be prone to 
ventricular arrhythmias more than healthy untrained 
populations due to their physiological and structural 
changes and heterogeneous repolarization in 
ventricular myocardium. Furthermore, we correlated 
QT intervals, corrected QT, and dispersions of QT 
and corrected QT with the Doppler 
echocardiographic imaging velocities. We did not find 
a correlation in either group.  

In this study, there was a significant positive 
correlation between corrected QT and negative 
correlation between QT and corrected QT 
dispersions and left ventricular longitudinal strain 
values studied for the first time in athletes. It is 
known that the reduction in longitudinal strain is an 
early sign of left ventricular dysfunction. We did not 
find a significant difference in strain values between 
the athletes and controls, so we assumed a significant 
reduction in left ventricular longitudinal strain values 
in athletes is an uncommon feature. However, when 
there is an increase in corrected QT interval, and/or a 
decrease in the dispersion of QT and corrected QT 
values, a significant decrease in strain values cannot 
be considered as a physiological adaptation and 
accurate evaluation of the myocardial function, 
helping us distinguish compliance from illness.  

Limitations: The major limitation of our study was 
the relatively low number of cases in each group. In 
addition, our results could not be interpreted to all 
elite athletes because our study was limited to a 
heterogeneous group of athletes and a small number 
of subjects. Besides, the subjects enrolled were not 
followed for a long time; they all were evaluated once 
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before their competitive participation. Thus, the 
transient changes in left ventricular dynamics, such as 
during a training season or dynamics of 
unconditioning remain unknown.  

Heavy exercise does not increase the mortality rate in 
athletes, but can trigger the development of malignant 
arrhythmias, especially in those with structural heart 
disease and conduction disorders. Because there is no 
clear pathognomonic sign available in evaluating 
young elite athletes, examining the patients with 
clinical signs and symptoms, family history, 
electrocardiographic evaluation and 
echocardiographic imaging is recommended. 
Calculation of QT and corrected QT dispersions 
accompanied by reduced strain values of the left 
ventricle can be used to define athletes at high risk of 
sudden death.  
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