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Abstract 

Athletes, especially those who have been engaged in sports for a long time, experience significant 

physiological adaptations to their cardiovascular system, the most notable of which is the development of 

"athlete's heart", a term utilized to describe morphological changes in the structure of the heart. In order to 

determine the impact of sports on changes in echocardiographic parameters, 2D transthoracic echocardiography 

was used in 54 subjects.  

The correlations of echocardiographic parameters and characteristics of sports activities showed that 

longer sports participation throughout the years was statistically significantly associated with: greater left 

ventricular (LV) internal dimension in diastole (r = 0.317, p = 0.019;  decreased E/A ratio of trans-mitral flow 

in early and late filling (r = –0.270, p = 0.048), prolonged deceleration time (DT) of transmitral flow (r = 0.295, 

p = 0.030), prolonged interventricular relaxation time (IVRT) (r = 0.289, p = 0.034) and with borderline 

significance with increased right ventricular internal dimension (r = 0.244; p = 0.76).  

Longer duration of weekly exercise was statistically significantly associated with greater: LA internal 

dimension (r = 0.297, p = 0.029), indexed LA volume (r = 0.318, p = 0.019;), LV internal dimension in diastole 

(r = 0.347, p = 0.010) and systole (r = 0.485, p = 0.0001), posterior wall thickness in diastole (r = 0.292, p = 

0.032);  LV end-diastolic indexed volume (r = 0.310, p = 0.022), and a lower ratio of pulmonary flow in systole 

to diastole (S/D, r = –0.282, p = 0.039). Morphological changes in the heart in athletes are a result of prolonged 

physical exertion and regular cardiovascular screenings should be conducted in order to allow for easier 

distinction between physiological and pathological cardiac remodeling.  
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Introduction 

Physical training and prolonged sports participation lead to a series of changes in the structure and 

function of the heart, known as cardiac remodeling. This structural, functional, and electrical remodeling is 

called “athlete’s heart” (AH)[1-3]..  

These manifestations may include an increase in the internal dimensions, walls and volumes of the left 

and right ventricles, changes in left ventricular (LV) systolic and diastolic function as well as regional function4. 

However, these physiological cardiac adaptations in athletes may mimic features of heart disease and therefore 

make it difficult to distinguish physiological adaptations from disease.  

Regular exercise can also lead to pathological adaptations that can promote or worsen heart disease 

(e.g., arrhythmogenic right ventricular cardiomyopathy, hypertrophic cardiomyopathy, mitral valve prolapse, 

aortic dilatation/aortic dissection, and rhythm disturbances)[5].  

The use of modern echocardiographic methods usually resolves this dilemma. Sudden cardiac death 

(SCD) in athletes is most often caused by congenital or acquired cardiovascular disease, therefore cardiovascular 

screening has proven effective in identifying athletes at risk for SCD. The objective of this study is to determine 

the association between the duration of engagement in sports on a weekly and daily basis in relation to some 

echocardiographic characteristics.  
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Material and Methods 

A prospective cross-sectional study was performed during 2016/2017, in which 54 patients underwent 

conventional transthoracic echocardiography using commercially available equipment (GE, Vivid 7). A 

multifrequency transducer was used for transthoracic echocardiography.  

Transthoracic echocardiographic (TTE) examinations and measurements were performed with the 

patient in the left lateral decubitus position according to the recommendations by the American Society of 

Echocardiography (ASE). A personal, family and sports history was taken from all participants. A speckle 

tracking software was used to measure the deformation in accordance with the current guidelines of professional 

associations. A personal, family and sports history was taken from all participants.. 

  

Inclusion Criteria 

Competitive and recreational athletes were included, who consented to participate in the study. 

Exclusion Criteria 

All subjects who, at the time of exam, had an elevated body temperature, already proven cardiac 

abnormality, acute limb injury and/or symptoms, i.e. electrocardiographic changes indicating an acute 

cardiovascular event, were excluded from the study. 

Statistical Analysis 

Analyzes were performed by utilizing the SPSS statistical program, version 22.0 (IBM SPSS, Inc., 

Chicago, Illinois), in which for all tests conducted, a value of p < 0.05 was considered statistically significant. 

Categorical features were presented as percentages, whereas the continuous ones with mean value ± standard 

deviation (SD). Comparison between groups of continuous parameters was made by analysis of variance 

(ANOVA), and categorical parameters utilizing the Pearson Chi-square test. The relationship between the 

parameters and their value was examined by Pearson's and/or Spearman's correlation . 

Results 

In order to determine the impact of sports on the change in certain echocardiographic parameters, we 

divided the athletes according to the length of sports during the week and compared them in terms of some of 

the measured echocardiographic parameters (Table 1). 

 

 Table 1. 

Comparison of the duration of engagement in sports during the week in relation to echocardiographic 

parameters of LV and RV internal dimensions, LV systolic and diastolic function, as well as regional function 

in 54 athlete subjects 
 

Echocardiographic 

parameters 

1–7 hours 

(n = 22) 

8–14 hours 

(n = 18) 

≥15 hrs 

(n = 14) 
P 

LV (mm) 34,2 ± 4,9 37,8 ± 4,7 37,4 ± 4,7 0,040 

ILAV max. (ml/m2) 27,8 ± 9,5 33,2 ± 9,9 34,2 ± 10,4 0,112 

RV (mm) 36,5 ± 7,2 39,4 ± 7,3 39,4 ± 4,8 0,314 

LVEDd (mm) 49,5 ± 5,0 48,3 ± 6,6 50,4 ± 4,0 0,053 

LVESd (mm) 27,9 ± 4,3 28,9 ± 4,5 32,6 ± 4,6 0,012 

IVSd (mm) 10,9 ± 2,1 12,6 ± 2,2 11,6 ± 1,3 0,041 

PWd (mm) 9,4 ± 1,8 10,7 ± 2,2 10,8 ± 1,5 0,048 

EDV/BSA (ml/m2 ) 56,5 ± 11,8 70,0 ± 14,7 65,9 ± 15,2 0,009 

ESV/BSA (ml/m2) 19,2 ± 7,0 22,3 ± 7,0 22,8 ± 7,3 0,247 

LVEF (%) 66,6 ± 7,1 68,2 ± 6,8 66,5 ± 6,2 0,700 

SV/BSA (ml/ m2/удар) 47,4 ± 15,5 46,1 ± 8,2 46,3 ± 8,1 0,934 

CI (L/min/m2) 9,6 ± 3,3 9,4 ± 2,0 8,6 ± 2,1 0,534 
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LVI mass (g/m2) 

Male (n = 43) 

Female (n =11) 

 

108,3 ± 26,9 

74,5 ± 10,6 

 

116,8 ± 22,4 

78,9 ± 1,2 

 

106,4 ± 19,2 

92,6 

 

0,431 

0,275 

MAPSE mean (mm) 16,9 ± 1,7 17,7 ± 2,1 17,7 ± 1,9 0,359 

MAPSV mean (cm/s) 8,6 ± 1,6 9,8 ± 2,1 9,6 ± 2,3 0,133 

Е/А 1,7 ± 0,5 1,8 ± 0,5 1,6 ± 0,4 0,719 

DT (ms) 167,8 ± 32,3 167,3 ± 30,5 192,9 ± 58,9 0,139 

S/D 0,9 ± 0,2 0,9 ± 0,3 0,7 ± 0,1 0,026 

E’ mean 16,6 ± 3,2 17,1 ± 1,6 17,2 ± 3,4 0,740 

Е/е’ mean 6,3 ± 0,9 5,7 ± 0,7 5,6 ± 1,2 0,051 

RV base (mm) 27,7 ± 5,4 34,1 ± 5,3 30,9 ± 3,5 0,001 

TAPSE (mm) 23,8 ± 3,9 23,7 ± 5,7 26,6 ± 5,3 0,176 

RVs’ (cm/s) 13,9 ± 2,2 16,7 ± 2,5 15,6 ± 2,7 0,004 

PAPs (mmHg) 14,5 ± 8,7 18,1 ± 10,3 16,1 ± 10,5 0,521 

LV = left ventricle; ILAV = indexed LA volume; RA = right atrium; LVED = left ventricular end-diastolic 
dimension; LVESd = left ventricular end-systolic dimension; IVSd = interventricular septum in diastole; PWd 

= posterior wall in diastole; EVM = end-diastolic volume; CSV = end-systolic volume; BSA 

= body surface area; LVEF = left ventricular ejection fraction; SV = stroke volume; CI = cardiac index; LVI 
mass = left ventricular mass indexed for body surface area; MAPSЕ = mitral annular plane of systolic excursion; 
MAPSV = mitral annular plane of systolic velocity; E/A = ratio of transmitral flow velocities of early and late 
filling; DT = deceleration time of transmitral flow on early filling; S/D 

= ratio of peak systolic to peak diastolic pulmonary vein flow velocity; E’ = early diastolic mitral annular 
velocity; E/e’ = ratio of early filling transmitral flow velocity to early diastolic mitral annular velocity; RV = 
Right Ventricle; RVs’ = peak velocity at the level of the tricuspid annulus determined by pulsed Doppler; PAPs 
= pulmonary artery pressure in systole 

 
 

This time, we conducted a gender-based analysis only in relation to the mass of the LV, whose values 

differ substantially for men and women, while for the other values, we mainly used the body surface area 

indexed measurements in order to avoid the influence of the different constitution. 

The results showed that in the athletes who have been engaged in sports for more than 7 hours a week, 

compared to those with fewer hours, there was an increase in the internal dimensions, walls and volumes of the 

left and right cavities and an improvement in the function of the right ventricle (RV), but although without 

statistical significance, those with the longest duration of engagement in sports during the week had a slightly 

lower LVEF, lower indexed stroke and minute volume, as well as lower indexed left ventricular mass (in those 

who were male). The significance of these results cannot be interpreted with certainty given the small number 

of respondents. 

Regarding the global myocardial deformation of the LV, RV and LA, the comparison of the athlete 

respondents divided according to the length of duration of sports practice throughout the week showed that 

although the values were within the reference range, athletes with longer sports practice showed statistically 

lower mean values for GLS, GRS and GCS (Table 2), which was not the case with regard to the right ventricular 

deformation, which was statistically insignificantly lower in athletes who had been involved in sports for a 

shorter period of time. Left ventricular deformation in the filling phase was lowest in athletes who moderately 

engage in sports during the week (PALS), and in the contraction phase (PACS) was lowest in those with ≥15 

hours of doing sports during the week. 

The examination of the correlations of echocardiographic parameters and characteristics of sports 

activities showed that longer participation in sports throughout the years was statistically significantly associated 

with: greater LV internal dimension in diastole (r = 0.317, p = 0.019; graph 1), a decrease in the E/A ratio of 

transmitral flow (r = –0.270, p = 0.048), a prolongation of the deceleration time (DT) of transmitral flow (r = 

0.295, p = 0.030), a prolongation of the interventricular relaxation time (IVRT) (r = 0.289, p = 0.034) and 

borderline significance with an increase in the internal dimension of the DP (r = 0.244; p = 0.76). 
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Table 2. 

Comparison of the duration of engagement in sports during the week in relation to global myocardial 

deformation of the LV, RV and LA in 54 athlete subjects 
 

Echocardiographic 

parameters 

1–7 hrs 

(n = 22) 

8–14 hrs 

(n = 18) 

≥15 hrs 

(n = 14) 
P 

GLS (%) –21,2 ± 1,8 –21,3 ± 2,2 –20,3 ± 2,6 0,413 

GRS (%) 47,6 ± 17,6 49,8 ± 12,3 43,9 ± 11,9 0,539 

GCS (%) –17,2 ± 4,2 –20,8 ± 5,5 –16,6 ± 2,5 0,014 

ДКС (%) –21,4 ± 3,8 –22,8 ± 4,5 –22,3 ± 3,9 0,599 

PALS (%) 39,8 ± 9,6 35,7 ± 6,3 39,4 ± 7,3 0,240 

PACS (%) 14,8 ± 7,2 13,4 ± 3,2 12,7 ± 3,7 0,485 

GLS = global longitudinal strain; GRS = global longitudinal strain; GCS = global circumferential strain; RVC 
= right ventricular longitudinal strain; PALS = peak atrial longitudinal strain in the reservoir phase; PACS = 
peak atrial longitudinal strain in the contraction phase) 

 
 

 
 

 

Graph 1. Graphical representation of a positive correlation between years of participation in sports and 

the size of the LV internal dimension in diastole (r = 0,317, p = 0.019) 
 

 Regarding the duration of sports engagement during the day, there was a statistically significant 

correlation between longer sports and a larger indexed volume of the LA (r = 0.353, p = 0.009; graph 2), a larger 

internal dimension of the LV in diastole (r = 0.274, p = 0.045) and systole (r = 0.468, p = 0.0001), a lower ratio 

of pulmonary flow in systole to diastole (S/D, r = –0.352, p = 0.009) and a lower value of left ventricular filling 

pressure (E/e’) determined at the level of the interventricular septum (r = –0.317, p = 0.020).). 

Greater duration of weekly exercise was statistically significantly associated with: greater LA internal 

dimension (r = 0.297, p = 0.029), greater LA indexed volume (r = 0.318, p = 0.019; Figure 3), greater LV 

internal dimension in diastole (r = 0.347, p = 0.010) and systole. 

 (r = 0,485, p = 0,0001), greater posterior wall thickness in diastole (r = 0.292, p = 0.032); higher LV 

end-diastolic indexed volume (r = 0.310, p = 0.022), prolonged deceleration time (DT) of transmitral flow (r = 

0.274, p = 0.045), lower pulmonary flow ratio in systole to diastole (S/D, r = – 0.282, p = 0.039; graph 4), lower 

LV filling pressure (E/e’) determined at the level of the interventricular septum (r = –0.370, p = 0.006) and as 

an average of both walls (r = –0.362, p = 0.007), as well as higher value of regional LV function (TAPSE) (r = 

0.280, p = 0.040). 
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Graph 2. Graphical representation of the positive correlation between the duration of sports activity during the 

day and the size of the indexed LA volume (r = 0.353, p = 0.009) 

 

 
 
 
 

 

 
 

Graph 3.Graphical representation of the positive correlation between the duration of sports activity during the 

week and the size of the indexed LA volume (r = 0,318, p = 0.019) 
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 Graph 4.    Graphical representation of a negative correlation between the between the duration of sports 

activity during the week and pulmonary flow in systole and diastole (r = –0.282, p = 0.039).
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  Discussion 

In our study, we performed 2D conventional echocardiography on 54 athlete subjects, out of whom 

43 were male and 11 female, the results showed that in athlete subjects who practice sports for more than 

7 hours per week compared to those with less time spent on sports, there is an increase in the internal 

dimensions and volumes of the LV (Table 1), so that athlete subjects with ≥15 hours of sports during the 

week had with statistical borderline significance the largest end-diastolic dimension (p = 0.053), i.e. 

statistically significantly the largest end-systolic dimension (p = 0.012), and those who engage in sports for 

8–14 hours per week had statistically significantly the largest end-diastolic volume normalized for body 

surface area (p = 0.009).  
In addition, the examination of the correlations of echocardiographic parameters and characteristics 

of sports activities showed that the increase in LV end-diastolic internal dimension is statistically 

significantly associated with: longer involvement in sports in years (r = 0.317, p = 0.019; graph 2), longer 

involvement in sports during the day (r = 0.274, p = 0.009) and longer involvement in sports during the 

week (r = 0.347, p = 0.010).  

There was also a statistically significant association of LV end-systolic dimension with longer 

duration of participation in sports activity throughout the day (r = 0.468, p = 0.0001), longer duration of 

sports activity during the week (r = 0.485, p = 0.0001). The fact that our knowledge about the impact of the 

length of physical training on the internal dimensions of the LV is correct is supported by the results of a 

series of so-called longitudinal studies.  

Thus, Abergel et al.6 performed an echocardiographic examination on 37 cyclists with a time 

interval of 3 years (1995 and 1998), and determined that the dilation of the internal dimensions of the LV 

in these athletes continues (differences on average of 2 mm) with simultaneous thinning of the walls, which 

was not accompanied by a decrease in the sports performance of the subjects (they continued to win the 

“Tour de France” races). The results showed that the athletes who engaged in the longest duration of sports 

throughout the week had a slightly lower left ventricular ejection fraction (LVEF), lower indexed stroke 

volume and minute volume at rest, but showed higher values of mitral annulus displacement (MAPSE). 

 The findings from the literature do not deviate much from our observations. Studies and large 

meta-analyses show that LV ejection fraction (LVEF) as a manifestation of systolic LV function in athletes 

has values that are close to the general population  [7], yet, in elite athletes who engage in endurance sports, 

where there is an increase in the internal dimensions of the LV, a decrease in LVEF below the normal range 

may occur. [8]  Typically, low LVEF is associated with a significant increase in LV, but also with an 

increased stroke volume as a result of increased afterload, i.e. increased end-diastolic volume [11,12].  
Research into the correlations of echocardiographic parameters and characteristics of sports 

activities confirmed that there was a statistically significant correlation between longer sports activity 

during the day and larger indexed left atrial LA volume (r = 0.353, p = 0.009; Graph 1).  

Furthermore, greater duration of weekly sports activity was statistically significantly associated 

with greater internal dimension of the LA (r = 0.297, p = 0.029) and greater indexed LA volume (r = 0.318, 

p = 0.019; Graph 2), and greater duration of resistance training during the week was statistically 

significantly associated with greater internal dimension of the LA (r = 0.359, p = 0.008), greater indexed 

LA volume (r = 0.315, p = 0.020) and lower LA ejection fraction (r = –0.380, p = 0.005, Graph 4).  

Our studies showed normal values for pulmonary arterial pressure that did not correlate with the 

characteristics of the sport. Mild functional tricuspid regurgitation and dilatation of the inferior vena cava, 

but preserved collapsibility are common findings in athletes involved in endurance sports11,12. Findings 

from the literature show that in highly trained athletes the upper normal value for pulmonary systolic 

pressure (PAPs) can reach values of 40 mmHg along with an increase in stroke volume that should be 

understood as a physiological phenomenon.  [13,14,15,16,17]. 

A major limitation of the study is that the sample size for echocardiographic examinations was 

small and it was a cross-sectional study that did not follow the athletes over time (longitudinal studies) to 

determine the development of any structural abnormalities of the heart. 
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Conclusion 

As a result of prolonged physical exertion, morphological changes do occur in the heart of athletes 

and regular cardiovascular screenings are necessary in order to enable easier distinction between 

physiological and pathological cardiac remodeling. 
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