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ABSTRACT

Exercise plays an essential role in improving cardiovascular function. Due to the
¢ increasing tendency of children and adolescents to swim, this study aimed to investigate the effect of
Received: 21 Apr 2020 : twelve weeks of endurance swimming training on structural and functional characteristics of the heart
Accepted: 05 Sep 2020 of inactive adolescents
© [VIETEEE The present study was quasi-experimental with a pre-test, post-test design. Thirty inactive male
students with an age range of 13 to 15 years (age 14.1+1.7 years, height 164.5+5.26 cm, and weight
54.416.2 kg) were selected voluntarily. Then They were non-randomly divided into experimental (n=15)
and control (n=15) groups. The subjects in the experimental group performed endurance swimming
exercises for 12 weeks and three sessions per week with an intensity of 60% of maximum heart rate.
Also, the duration of each training session was 75 minutes. The echocardiography measured the left
ventricular end-diastolic dimension, left ventricular end-systolic diameter, septal wall thickness, stroke
volume, and ejection fraction before and after the exercise protocol. Shapiro-Wilk test, paired t-test, and
independent t-test were used to analyze the obtained data at a significant level of P<0.05.
ST In the experimental group, after 12 weeks of swimming training, there was a significant increase
in the amount of left ventricular end-diastolic dimension (t=2.763, P=0.02), and the stroke volume vari-
ables (t=2.573, p=0.03) was observed in comparison with baseline (pre-test) and control groups. Also,
the increase in the septal wall thickness and the ejection fraction between the two ventricles were not
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Keywords: : statistically significant (P>0.05). No significant change was observed in the control group in any of the
Swimming, Structure  ©  measured indicators compared to the baseline (pre-test).

of the heart, Echocar- : [l The present study results showed that 12 weeks of endurance swimming training could have
diography, Inactive beneficial effects on left ventricular end-diastolic dimension and stroke volume of the heart of inactive
adolescents : adolescent boys by increasing cardiac preload.
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1. Introduction

egular exercise is an essential strategy for

maintaining good health in children and

adolescents. Regular exercise changes

the structure and function of the respira-

tory and cardiovascular systems to supply

transport oxygen and nutrients to active
muscles and other tissues. Today, the medical and sports
community widely supports regular physical activity and
sports. Physical activity is essential for improving fitness
and reducing the risk of cardiovascular disease in obese
and normal children.

Regular exercise leads to several automatic and physio-
logical adjustments that increase cardiovascular function
and exercise capacity. Cardiac hypertrophy is a compen-
satory response in which the size of the limb adapts to the
body's systemic needs. Cardiac hypertrophy occurs in re-
sponse to physical activity, and increased pressure, along
with increased blood volume returning to the heart and the
Frank-Starling mechanism, triggers hypertrophic signals.
Undoubtedly, among sports, swimming is the healthiest,
and due to minor injuries, it is recently one of the most
popular sports globally among children and adolescents.

Swimming is a sport whose unique physiological stimuli
distinguish it from other sports performed on the ground.
Unique aspects of this exercise that may affect heart func-
tion include immersion in water and the possible effects
of hydrostatic pressure and water temperature, supine po-
sition, use of both upper and lower limbs, and the need
for restraint. Hockey reports that swimming reduces the
internal diameter of the left ventricle during systole, re-
duces the size of the posterior wall of the left ventricle,
reduces heart rate, increases the injection fraction and left
ventricular stroke volume in adults.

Compared to adults, there is little information about
the trainability and structural and functional adapta-
tions of the hearts of healthy and untrained adolescents.
Previous studies have mainly investigated the effect of
short-distance swimming exercises on anthropometric,
hydrodynamic, biochemical, and metabolic adaptations.
However, despite the great interest in swimming in the
world, there are few scientific studies on the structural and
functional adaptations of the heart of children and adoles-
cents to this sport. Therefore, the study of structural and
functional adaptations of the heart of children and adoles-
cents to sports activities, especially swimming exercises,
needs further investigation. Thus, the present study was
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conducted to investigate the effect of 12 weeks of endur-
ance swimming training on the structural and functional
characteristics of the heart of inactive adolescent boys.

2. Methods

The present study was quasi-experimental with pre-test
and post-test design. The statistical sample included 30 in-
active boys 13 to 15 years old with a mean age of 14.1+1.7
years, a height of 164.5+5.26 cm, and weight of 54.446.2
kg in Malayer, which is two years in the past, they did not
regularly participate in any sports activities and were se-
lected as available. Subjects were then randomly divided
into groups of experimental (n=15) and control (n=15).
Subjects were informed about the research objectives, the
conditions for participating in the test, and various stages.
They completed a health questionnaire to be aware of
their health status. To participate in the research, the con-
sent of the participants and their parents were completed.

The 12-week endurance swimming training program
for the experimental group was that the subjects prac-
ticed three days a week. The duration of each activity
session was 75 minutes. Before entering the pool water,
the first 10 minutes of each workout were devoted to gen-
eral warm-up exercises. Also, after entering the water, 10
minutes of specific warm-up for special crawl swimming
(first to the fourth week) and frog swimming (fifth to the
eighth week) and combined (ninth to twelfth week) were
performed. It should be noted that the control group did
not participate in any sports activities during the study.
The endurance training protocol of the experimental
group was a low-intensity exercise that included consecu-
tive round-trip pools with crawl and frog swimming. It
was performed with a relative intensity of 50% to 60% of
the maximum heart rate.

Dimensions of the left ventricular diastolic end, left
ventricular systolic end dimensions, interventricular wall
thickness, stroke volume, and injection fraction at base-
line (pre-test) and after 12 weeks in both groups using
Doppler color Doppler echocardiography (Lab My, ES-
AOTE 60) Made in Italy was measured by a cardiologist.
Shapiro-Wilk test was used to evaluate the normality of
the obtained data. Paired t-test was used for comparison
within the research groups, and an independent t-test was
used to examine the differences between groups at the sig-
nificant level of P<0.05. All statistical calculations were
performed by SPSS software v. 22.
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3. Results

The correlated t-test showed that in the experimental group,
the variables of left ventricular end-diastolic dimension and
stroke volume increased significantly compared to baseline
after 12 weeks of swimming exercises. The impact was 3.5%
(P<0.05). In comparison between the groups using paired
t-test, in the experimental group compared to the control
group, a significant increase was observed in the variables of
left ventricular end-diastolic dimensions and $troke volume
(P<0.05). No significant change was observed in the other
variables measured in the two groups (P<0.05).

4. Discussion and Conclusion

The present study results showed that 12 weeks of endur-
ance swimming training significantly increased the impact
volume in the experimental group compared to the control
group. The ejection fraction also showed a significant in-
crease in the experimental group compared to the control
group, but this increase was not statistically significant. Ac-
cording to the present study results, it seems that 12 weeks
of participation in endurance swimming exercises can have
beneficial effects on the dimensions of left ventricular dia-
stolic end and heart rate inactive adolescent boys. Therefore,
parents are advised not to neglect swimming and other sports
activities to improve their children's physical capacity and
fitness-related parameters.
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