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Abstract

Original Article

IntroductIon

It is now well established that participation in long-term, 
hard exercise is associated with morphological alterations 
in the heart, resulting in what is known as “athlete’s heart.” 
The athlete’s heart also includes physiologic alterations such 
as bradycardia and increased stroke volume.[1-3] Cardiac 
adaptations vary with the type of sport and intensity of 
exercise. For example, endurance sports such as soccer and 
long-distance running have a higher dynamic component, 
whereas wrestling has a higher static or isometric component. 

Sports with high dynamic and low static demands lead to 
eccentric hypertrophy of the left ventricle (LV), whereas sports 
with high static demands lead to concentric LV hypertrophy.[4,5]

Even though the changes in LV have been greatly focused, 
the change in the left atrium (LA) cannot be excluded 
considering the series connection of the LA and LV. It has 
been observed that in highly trained athletes, there is also a 
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mild LA enlargement that is frequently seen.[6] As the LV and 
LA are so closely connected, any impairment in LV can alter 
the LA function, resulting in atrial myopathy. Furthermore, 
the LA immediately responds to changes in LV end-diastolic 
pressure, which suggests that LA remodeling is common and 
LA mechanical functions are commonly impaired in the setting 
of altered LV mechanics.[7,8] Despite the evidence available 
on the role of LA as a determinant in LV filling in various 
cardiovascular diseases (including heart failure),[9,10] there 
is limited information on how it would be affected among 
high-demand, isometric sports (e.g., professional wrestlers). 
Thus, the aim of this study was to evaluate LA mechanical 
functions among professional wrestlers at an international 
competitive level and compare them against healthy controls.

Methods

Study population
The present research was approved by the local noninterventional 
Clinical Research Ethics Committee (decision no. 11, dated: 
26.05.2016). Twenty professional male wrestlers (mean age, 
21.90 + 2.49 years) and twenty male controls (mean age, 
22.3 + 1.49 years) participated in this study. International 
wrestlers for this study were defined as wrestlers who had 
participated in international wrestling at a competitive level. 
Controls were recruited from healthy members of students 
and were matched for age and height and were not performing 
any regular physical exercise. Regular exercise is defined 
as 120 min a day, 5 days a week. Healthy volunteers and 
professional wrestlers were enrolled after obtaining written 
and verbal informed consent.

Conventional echocardiographic examination
Echocardiographic examinations were performed at 
rest, using the iE33 cardiac ultrasound system (Phillips 
Healthcare, Philips, Best, The Netherlands) with 2.5–5 MHz 
probes. The evaluation was performed as per the American 
Society of Echocardiography guidelines. Simultaneous 
electrocardiogram (ECG) recordings were performed for 
all patients during the examination. Doppler and tissue 
Doppler measurements were performed to estimate various 
parameters of LV systolic and diastolic function. The peak 
LV outflow velocity was evaluated using continuous-wave 
Doppler in the apical four-chamber view using the modified 
Bernoulli equation. Mitral inflow velocities were studied using 
pulsed-wave (PW) Doppler after placing the sample volume at 
the leaflets’ tips. The peak early (E-wave) and late (A-wave) 
velocities were also measured. Both septal and lateral mitral 
annular velocities were obtained using tissue Doppler imaging. 
The Eheelocity was obtained from the septal and lateral annular 
En velocities, and the ratio of the mitral inflow E velocity to 
average tissue Doppler velocity (E/E′av) was calculated for 
the prediction of LV filling pressure.

Assessment of left atrial mechanical functions
LA volumes (LAVs) were calculated in four- and two-chamber 
views by Simpson’s rule. The endocardial border of the LA was 

manually traced to measure its area. Maximal volume (Vmax) 
at the end of the QRS complex, minimal volume (Vmin) at 
the end of the PW, and LAV before atrial contraction (VpreA) 
at the onset of the PW of the simultaneously recorded 
ECG with echocardiography were obtained [Figures 1-3]. 
LAV was indexed to body surface area (BSA), and LAV 
index (LAVI) was calculated by indexing Vmax to BSA. LAVs 
were obtained as the mean of three consecutive beats. Other 
variables such as LA ejection fraction (LAEF), LA expansion 
index (LAEI), LA active emptying volume index (LAAEVI) 
and fraction (LAAEFr), and LA passive emptying volume 
index (LAPEVI) and fraction (LAPEFr) were calculated. 
Intraobserver and interobserver measurement variability for 
Vmax, Vmin, and VpreA yielded an average coefficient of variation 
of 5.5% and 5.2%, 5.3% and 5.7%, and 4.8% and 5.4%, 
respectively.

Calculation of left atrial mechanical functions
LAEF and LAEI were used for the assessment of the LA 
reservoir function, LAPEFr for the conduit function, and 
LAAEFr for the booster pump function. Various other LA 
functions were estimated using the following formulae:
1. LAEF defined as (Vmax − Vmin)/Vmax × 100%)
2. LAEI defined as (Vmax − Vmin)/Vmin × 100%)
3. LA active emptying volume (LAAEV) def ined 

as (VpreA − Vmin)
4. LA active emptying fraction (LAAEFr) def ined 

as (LAAEV/VpreA × 100%)
5. LA passive emptying volume (LAPEV) def ined 

as (Vmax − VpreA)
6. LA passive emptying fraction (LAPEFr) defined 

as (LAPEV/Vmax × 100%).

Statistical analysis
All results were analyzed by using Statistical Package for Social 
Sciences for Windows (version 18.0; SPSS Inc., Chicago, IL, 
USA). Continuous data were reported as mean and standard 
deviation or median, if not normally distributed, and compared 
using the Student’s t-test or the Mann–Whitney U-test between 

Figure 1: Left atrial maximal volume
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groups. Categorical variables were summarized as percentages 
and compared with the Chi-square test. A two-tailed P < 0.05 
was considered statistically significant.

results

Body mass index (27.27 + 4.82 vs. 24.74 + 3.59 kg/m2, 
P = 0.026) and LA diameter (33.85 + 8.25 vs. 31.05 + 2.91 mm, 
P = 0.005) were significantly higher in wrestlers’ group 
as compared to the healthy controls. Other baseline 
characteristics, demographics, and two-dimensional and tissue 
Doppler echocardiographic parameters were similar between 
the groups ([P > 0.05] [Tables 1 and 2]).

A summary of the LAV measurements is presented in Table 3. 
Both groups were similar in terms of Vmax index, but Vmin index 
and VpreA index were significantly lower in wrestlers. In terms 
of function, LAEF, LAPEVI, and LAPEFr were significantly 
higher among the wrestlers. However, although higher in 
wrestlers, LAEI, LAAEVI, and LAAEFr measures were not 
statistically significant (P > 0.05). No changes in LV and right 
ventricular ejection fraction were observed.

dIscussIon

Adaptations to high-intensity exercise have been well 
documented in the athlete’s heart. [11] However, the 
documentation of the changes in the LA among professional 
wrestlers is novel and unique. Elevation in LV filling pressure 
and an increase in LV wall thickness have been suggested as 
potential activators to LA enlargement.[7] This study found 
changes in the LA similar to what has been documented in 
previous studies and supports the claim that atrial enlargement 
is the result of adaptation to the high blood flow induced by 
high-intensity training.[12] Increased size of the LA has been 
found to be a predictor of arrhythmias (atrial fibrillation) 
among highly trained athletes.[13] The higher LA size among 
wrestlers suggests that these individuals could be at greater 
risk for atrial fibrillation. However, this is yet to be studied in 
this population. Whether the change in training patterns and 

methods could have an impact on the risk of atrial fibrillation 
without affecting the outcome of the competitive sport is yet to 
be seen.[14] This suggests that these individuals would require 
regular cardiology examinations and follow-up.

Figure 3: Left atrial before atrial contraction volumeFigure 2: Left atrial minimal volume

Table 1: Baseline characteristics and demographics

Variables Control group 
(n=20)

Wrestlers 
(n=20)

P

Age (years) 22.3±1.49 21.90±2.49 0.205
BMI (kg/m2) 24.74±3.59 27.27±4.82 0.026*
BSA (m2) 1.96±0.22 2.00±0.23 0.710
Heart rate (beats/min) 66.80±14.30 72.25±11.03 0.072
Systolic BP (mmHg) 117.50±13.12 117.25±8.03 0.476
Diastolic BP (mmHg) 75.75±5.68 79.75±4.72 0.059
BMI: body mass index, BSA: body surface area. Statistically significant 
findings are highlighted with (*)

Table 2: Two dimensional and tissue Doppler 
echocardiographic parameters

Variables Control group 
(n=20)

Wrestlers 
(n=20)

P

Left atrium diameter (mm) 31.05±2.91 33.85±8.25 0.005*
LVSED (mm) 30.65±3.77 30.15±3.08 0.206
LVEDD (mm) 47.60±5.26 46.75±4.99 0.123
Septum thickness (mm) 9.85±1.22 8.95±1.64 0.137
Posterior wall thickness (mm) 9.55±1.46 9.30±1.26 0.794
Right ventricle (mm) 26.25±3.78 26.70±2.62 0.399
LVEF 65.45±5.09 67.20±2.65 0.311
RVEF 64.85±0.67 64.96+0.64 0.312
LV mass (g) 188.38±56.20 169.81±65.16 0.130
E (m/sn) 0.80±0.21 0.81±0.13 0.908
A (m/sn) 0.55±0.13 0.53±0.12 0.863
E/E’ septal 5.41±1.58 6.70±1.91 0.063
E/E’ lateral 4.13±1.21 5.06±1.74 0.308
LV: Left ventricular, LVESD: Left ventricular end-systolic diameter, 
LVEDD: Left ventricular end-diastolic diameter, LVEF: Left ventricular 
ejection fraction, RVEF: Right ventricular ejection fraction. Statistically 
significant findings are highlighted with (*)
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The present study showed that participation in high-demand, 
isometric sports, as in professional wrestlers, affects LA 
mechanical functions. To the best of our knowledge, there is 
no previous study investigating the LA mechanical functions 
in wrestlers of international competitive level versus healthy 
controls. This study found higher total and passive emptying 
volume indices among wrestlers when compared to healthy 
controls. These findings are similar to those reported in other 
studies among other professional athletes.[12,15]

In the current clinical practice, LA enlargement is common in 
certain conditions due to the immediate response to changing 
LV end-diastolic pressures.[7] Similar mechanisms could exist 
in wrestlers, and it is shown that Vmin index and VpreA index were 
significantly lower in wrestlers. Anwar et al. showed that the 
LA Vmax, Vmin, and VpreA are larger in wrestlers when compared 
to controls.[7] The remodeling effects on the LA and the LV 
dynamics may be the result of repetitive isometric strength 
training among wrestlers.

A previous study has shown that a mild-to-moderate increase 
in LAV causes an increase in LA contractility; however, a 
further increase in LA preload does not enhance the LA pump 
function, but rather leads to functional failure of the LA.[16] This 
could be contributed by the training methods, which suggests 
that there could be a considerable impact on the method of 
training seen in wrestlers. The impact of training on LA size 
was recently summarized in a review which found that any form 
of training (endurance, resistance, or combined) increased LA 
size.[17] The altered LA size further impacts the LA emptying 
fractions as well, which was found to be higher among wrestlers 
than in healthy controls. This is contrary to the findings of Nemes 
et al., in which they reported total and active LA emptying 
fractions to be reduced in athletes as compared to controls.[15] 
However, they studied professional basketball and handball 
players who have very different training regimes than wrestlers, 
which could have an impact on the findings. Nevertheless, the 
findings are similar to that of another study by D’Ascenzi et al., 
in which total and passive emptying volume indices were greater 
among athletes when compared to controls.[12] In addition, the 
altered mechanics observed in this study are in agreement with 
the findings of D’Andrea et al.[18] However, there continues to 
exist the controversy, which will require further study.

Wrestlers had larger LA diameter and higher LAEF, LAPEVI, and 
LAPEFr. LAV during the conduit phase increased in this group as 
well. In addition, LAEF is significantly higher and LAEI started 
to increase, although not statistically significant. Mechanical 
functions showing the booster pump functions as LAAEVI and 
LAAEFr were higher in wrestlers but not statistically significant. 
An interesting finding from the data in Table 3 is that conduit 
functions were initially impaired. This could be due to the 
immediate response of the LA (enlargement and mechanical 
function) to the change in LV end-diastolic pressure. This could 
be detected earlier if the volume has to be preserved.

In athletes, the data on the mechanical functions of the LA, 
other than dilation, are limited. D’Andrea et al. analyzed 615 
consecutive professional athletes, which identified mildly 
enlarged LAVi in 150 athletes (24.3%). LAVi was statistically 
significantly higher in endurance athletes (P < 0.01). However, 
in the overall population, the most powerful independent 
determinants of LAVi were type and duration of training and 
LV end-diastolic volume.[18]

The major limitation of our study is the lack of follow-up 
of wrestlers’ and control groups for the risk of developing 
arrhythmias. Furthermore, the lack of speckle tracking and 
three-dimensional echocardiography for better assessment 
could be a factor further influencing the findings in addition 
to the small sample size. Further prospective trials with large 
number are necessary to show the effect of regular exercise to 
LA mechanical functions in wrestlers.

conclusIon

Professional wrestlers have altered LA function and mechanics 
as a result of their sport-specific training when compared to 
healthy controls. The impact of these changes on the risk 
of arrhythmias, as well as various training methods on LA 
function, is yet to be ascertained.
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Table 3: Measurements of left atrial mechanical functions

Variables Control group (n=20) Wrestlers (n=20) P
Vmax index (ml/m2) 23.97±5.66 27.83±7.64 0.060
Vmin index (ml/m2) 10.15±2.99 10.04±3.52 0.008*
VpreA index (ml/m2) 14.84±4.13 13.22±4.42 0.007*
LA ejection fraction (%) 56.65±9.73 65.90±11.34 0.004*
LA expansion index (%) 145.15±42.13 164.95±48.48 0.265
LA active emptying volume index (ml/m2) 4.69±2.81 5.35±2.90 0.674
LA active emptying fraction (%) 30.00±13.16 38.50±17.40 0.188
LA passive emptying volume index (ml/m2) 9.12±3.20 13.94±6.10 0.002*
LA passive emptying fraction (%) 38.50±11.10 45.70±17.74 0.026*
LA: left atrium, Vmax: left atrium maximum volume, Vmin: left atrium minimum volume, VpreA: left atrium volume before P wave. Statistically 
significant findings are highlighted with (*)
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