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Background: Professional training regimens are accompanied with morphologic alteration and cardiac function which is known as
“athlete’s heart” which is defined by left ventricular hypertrophy and other echocardiographic features.
Objectives: The present study aims to evaluate the effect of different training protocols such as endurance-training, strength training
protocols and concurrent protocols on heart structures.
Patients and Methods: Forty five young female volunteer athletes were included and received different training regimens (endurancetraining, strength training and concurrent groups) for a 10 week period as study intervention. Standard color Doppler echocardiography
was performed for assessment of the left ventricular activity.
Results: As a result, 45 athletes ended the study training regimens. Mean of cardiac parameters was not significantly different among
athletes under study before the beginning of the study training regiments. Mean of end diastolic diameter among athletes of strengthtrained group had been significantly increased after receiving the study training regiments. Mean of posterior wall thickness had been
significantly increased in athletes of strength and concurrent groups. Mean of posterior wall thickness had been decreased in athletes
of endurance-training group. Mean of heart rate was significantly decreased among the athletes of endurance-training and concurrenttraining groups.
Conclusions: The combination of both endurance-training and strength training protocols caused largest increases in left ventricular
internal dimension and left ventricular wall thickness among the trial participants.
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1. Introduction
Regular, hard and professional training regimens are
accompanied with morphologic alteration and cardiac
function which is known as “athlete’s heart”. (1-4). Athlete's heart is usually an incidental finding during a routine screening or during tests for other medical issues. An
enlarged heart can be seen at echocardiography or sometimes on a chest X-ray. Left ventricular hypertrophy is less
than 13 mm and left ventricular end diastolic diameter is
less than 60mm.It’s been shown that cardiac alterations
like bradycardia, left ventricular hypertrophy and stroke
volume increase may be seen in athletes who exercise for
long times (5). Some cardiac characters such as wall thickness and dimensions of left ventricle chamber might be
participating in this adaptation. Different training speci-

fications such as pressure or volume overload can cause
several changes in morphological heart features (6).
Several echocardiography studies accomplished on athletic or non- athletic ones reveal that individuals doing
dynamic exercises- like short or long distance- foot- race
runners will catch ventricular dimension enlargement.
on the the other hand, athletes of static or resistance
sports seem to have thicker ventricular walls and left
ventricle dimensions which increase a little or normal
(7). Presumably, echocardiography must be the best noninvasive way which can investigate left ventricular hypertrophy. Attained findings of echocardiography about
left ventricle dimensions and sizes are closely accordant
with attained findings of left ventricle ventricolography
and biopsy (8). Investigations in elite athlete’s heart have
recently provided relevant information on the myocar-

Implication for health policy/practice/research/medical education:
This study concentrates on the importance of sport and its effects on the cardiovascular function.
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dial “reserve” of the left ventricle (LV) (9-13). However,
myocardial adaptation to regular training in Iranian female athletes has not been studied so far and very little
information about the left ventricle echocardiographic
parameters in female athletes are available.

2. Objectives

The present study was designed to assess the role of
training in heart features in some volunteers’ female athletes.

3. Patients and Methods
3.1. Trial Design

The present study was performed by parallel design in
one blinded control trial study with 15 participants in
each studied group. The study was approved by ethical
committee of Baqiatallah University of Medical Sciences.

3.2. Participants

Forty five young female volunteer athletes (mean age 21
± 1.87 yrs.) included in the present study. Exclusion criteria include the evidence of cardiovascular and metabolic
diseases in patients whose presence had been confirmed
by the clinical history. Although it is not a mandatory
exam in order to obtain the eligibility, all subjects underwent an echocardiographic exam at rest.

3.3. Interventions

Study participants received different training regimens
for a 10 week period. Warm up period: includes running
for 10 minutes with 40-45% of MHR before beginning the
exercise.

3.3.1. A-The training protocol for endurance-trained
group (E) was as follow:
-In the first and second week: running for 2x10 minutes
for 60-65% of maximum heart rate (MHR).
-In the third and fourth week: running for 2x12 minutes
for 60-65% of MHR.
-In the fifth and sixth week: running for 2x13 minutes for
70-75% MHR.
-In the seventh and eighth week: running for 2x14 minutes for 70-75% MHR.
-In the ninth and tenth week: running for 2x15 minutes
for 75-80% MHR.

3.3.2. B-The training protocol for strength-trained group
(S) was as follow:
The sports that were done: press (chest, foot), sitting and
lying and standing on toe. These sports were done for two
sessions a week for 10 weeks. They were done consecutive22

Training Regimens and Left Ventricle Structure and Function
ly with 2-3 minutes rest interval and, the rest interval was
60-90 seconds after each. In the fourth and eighth week
the load decreased for preventing from overraining.

3.3.3. C-The training protocol for concurrent group (C)
was as follow:
About half of exercises of each group were done in each
session. But strength sports were done at first. All the
trainings were done for two times a week.

3.4. Outcomes

Standard color Doppler echocardiography was done by
vivid 3 (GE) and probe 3MHz. The images were obtained
from the left lateral decubitus. All the measurements
were the average of three to five cardiac cycles. M-mode
measurements were done in parasternal long axis view,
Doppler and tissue Doppler studies were done in apical
4-chamber, 2-chamber and 3-chamber views. For standard
diastolic Doppler mitral inflow, images were obtained
from apical 4-chamber view and (E and A peak velocities
(m/s) and E/A ratio, deceleration time DT (ms).

Enrollment

Assessed for eligibility (n=45)

Excluded (n=0)

Randomized (n=45)
Allocation
Allocated to intervention
(n=15)
Received allocated
intervention (n=15)
Did not recieve allocated
intervention
(give reasons) (n=0)

Allocated to intervention
(n=15)
Received allocated
intervention (n=15)
Did not recieve allocated
intervention
(give reasons) (n=0)

Allocated to intervention
(n=15)
Received allocated
intervention (n=15)
Did not recieve allocated
intervention
(give reasons) (n=0)

Follow-Up
Lost to follow-up
(give reasons)

Lost to follow-up
(give reasons) n=0

Lost to follow-up
(give reasons) n=0

Analysed (n=45)
Excluded from analysis
(give reasons) (n=0)

Analysed (n=45)
Excluded from analysis
(give reasons) (n=0)

Analysis
Analysed (n=45)
Excluded from analysis
(give reasons) (n=0)

Figure 1. Flow Diagram of Trial Participants

3.4.1. Sample Size
Forty five young female volunteer athletes participated
in the study (mean age 21 ± 1.87 years.).

3.4.2. Randomization
Trial participants were randomly selected and allocated
into the trial groups.
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3.4.3. Blinding

4. Results

Present trial was blinded trial study and cardiologist who
performed echocardiographic examination, was blinded
for training regimens which passes by trial participants.

4.1. Study Participants

3.5. Statistical Analysis

Qualitative variables were presented with number and
frequency and quantitative variables were presented
with mean and standard deviation. Chi-square test and
analysis of variance were used for comparing qualitative
and quantitative variables among the trial groups. All
Pvalues ≤0.05 were assumed as significant results.

Finally 45 athletes ended the study training regimens.

4.2. Baseline Data
Mean of age among athletes was not significantly different among the study groups (P = 0.09). Mean of cardiac
parameters was not significantly different among the
athletes before beginning the study training regimens
(Table 1) (Figure 1).

Table 1. Mean and Standard Variation of Age and Cardiac Parameters of Included Population
Parameters

Age, y

IVSD (inter ventricular septum diastole )
End Diastolic Diameters
Heart rate
Heart rate
a

Controla
(n=15)

Endurancetrained, (n=15)

Strengthtrained, (n=15)

Concurrent Train,
(n = 15)

P
value

22.8 ± 1.93

20.89 ± 1.54

20.25 ± 1.36

22.8 ± 1.93

0.09

0.86 ± 0.09

0.83 ± 0.08

0.86 ± 0.08

0.82 ± 0.11

0.61

4.31 ± 0.42

4.35 ± 0.2

4.35 ± 0.29

4.22 ± 0.3

0.74

0.8 ± 0.09

0.84 ± 0.13

0.79 ± 0.08

0748 ± 0.08

0.14

77.30 ± 5.57

77.0 ± 6.56

74.82 ± 6.11

76.42 ± 6.43

0.29

All the data are shown with mean ± SD

Table 2. Mean and Standard Variation of Cardiac Parameters of Included Population Before and After Training
Endurance-trained a

Strength-trained

Concurrent train

before

0.83 ± 0.08

0.86 ± 0.08

0.82 ± 0.11

after

0.94 ± 0.11

0.88 ± 0.09

0.87 ± 0.07

< 0.01

0.18

0.14

before

4.35 ± 0.2

4.35 ± 0.29

4.22 ± 0.3

after

4.20 ± 0.25

4.48 ± 0.23

4.29 ± 0.42

0.19

0.01

0.43

before

0.84 ± 0.13

0.79 ± 0.08

0.75 ± 0.08

after

0.83 ± 0.12

0.90 ± 0.08

0.83 ± 0.08

0.86

0.01

< 0.01

before

77.0 ± 6.56

74.82 ± 6.11

76.42 ± 6.43

after

68.33 ± 5.83

72.5 ± 5.96

71.27 ± 4.77

< 0.01

0.78

0.03

Cardiac Parameters
IVSD

P value

End Diastolic Diameters

P value

Posterior wall diameter (PWD)

P value

Heart rate

P value
a

All the data are shown with mean ± SD

4.3. Number Analyzed

4.4. Outcomes

Trial participants were equally and randomly allocated
to three trial groups (each group 15 persons).

Although mean of intraventricular diameters among
study participants was increased after study regimens,
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athletes of endurance training regimen had significant increase. Mean of end diastolic diameter among athletes of
strength-trained group had been significantly increased
after receiving study training regiments. Mean of posterior
wall thickness had been significantly increased in athletes
of strength (P = 0.01) and concurrent groups (P = 0.00).
Mean of posterior wall thickness had been decreased in athletes of endurance-training group. Mean of heart rate was
significantly decreased among athletes of endurance-training (P = 0.03) and concurrent-training groups (P = 0.00).

5. Discussion

Based upon the findings from the present study, the
mean of intra ventricular diameters and heart rate had
been significantly changed among athletes of endurance-training regimen after beginning the training
regimens. Previous studies reported the high prevalence
of LV dilation among endurance-trained athletes (7, 14).
DuManoir et al. recently reported significant increases in
resting LV cavity dimensions, stroke volume, and mass after 10 week of a three time- rowing sessions in a week (15).
The increase in left ventricle mass is correlated tightly
with the increase in LV end-diastolic volume but not with
changes in wall thickness. Although LV stroke volume
was increased following training, resting cardiac output,
due to a marked reduction in resting heart rate, was significantly reduced. This finding deserves further study.
In addition, Endurance athletes experienced significant
increase in LV diastolic tissue velocities, which were positively correlated with the magnitude of LV mass increase.
In aggregate, our data suggest that endurance training
produces LV dilation with accompanying augmentation
of LV diastolic function. Adaptation of heart to endurance training with an increase in both diameter and wall
thickness is useful if we take into account the heart rate
and blood pressure responses during intense exercise (2).
The cardiac output of trained endurance athletes may increase from 5 to 6 L/min at rest to up to 40 L/min during
maximal exercise (16). The heart adapts to this volume
load with an increase in internal diameter. Blood pressure also increases during endurance exercise, although
to a lesser extent than during strength training. Blood
pressure readings of 69/175 mm Hg during treadmill running were recorded by Palatini et al(17). In other words,
pure volume load during endurance training does not exist; during long distance running, the heart has to adapt
to volume and pressure load, whereby the endurancetrained heart shows an increase in both left ventricular
internal diameter and left ventricular wall thickness. In
athletes of endurance-training regimen, only end diastolic diameters and posterior wall thickness had been
significantly changed during strength-training. Exposing heart tostrength training with a slight strength in left
ventricular internal diameter and a large increase in left
ventricular wall thickness can be explained on the basis
24
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of blood pressure response and cardiac output during
weight lifting (18-21). During the heavy-resistance exercise, arterial blood pressure shows a large increase, (near
to 350-480 mm Hg (19). However, heart rate and cardiac
output do not remain unchanged but show an increase
during strength training. MacDougall et al. demonstrated that during weight lifting, heart rate ranged from 102
bpm, between sets, to peak values of 170 bpm Accordingly, pure pressure load during strength training does
not exist (19). In athletes who had concurrent endurance
and strength-training regimen, only posterior wall thickness and heart rate had been significant changed during
strength-training. Rowing and cycling represent typical
strength and endurance sports like combined dynamic
and static exercise of large groups of muscles. Top-level
cyclists can perform with a near-maximal heart rate for
long periods of time, sometimes up to six hours. Systolic
and mean arterial blood pressures also increases during
cycling; Systolic blood pressure might increase to 200
mm Hg during maximal exercise testing on the bicycle
ergometer (21, 22). During rowing, heart rate increases
to near-maximal values of '190 bpm, with peak systolic
blood pressure waves of '200 mm Hg (23). The combination of both extreme volume load and extreme pressure
load may explain why the high increases in left ventricular internal dimension and left ventricular wall thickness
are found in cyclists and rowers.
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