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ABSTRACT

Aim / Objective: The aim of this study was to evaluate the effect of maximal exercise on the level of cardiac
remolding and Atrial Natriuretic Peptide (ANP) in elite athletes as compared to sedentary healthy subjects and
correlation of ANP with the adaptation of athlete’s heart and cardiac remodeling (if any)

Place and Duration of Study: The present study was carried out at the Department of Physiology, Army Medical
College, with collaboration of Armed Forces Institute of Cardiology (AFIC) Rawalpindi from June 2003 to May
2004.

Methodology: A total number of 44 subjects were included in this study. These comprised of 22 elite endurance
athletes and 22 healthy sedentary volunteers as controls. All subjects were examined clinically to rule out the
cardiovascular and pulmonary diseases on the basis of medical history, physical examination, and
echocardiography. All the selected subjects were examined on a Toshiba Power Vision 6000 echocardiograph for
assessing and measuring their LV end-diastolic internal diameter (LVIDd), Diastolic interventricular septal
thickness (IVSTd), diastolic posterior wall thickness (PWTd). The left ventricular mass was (LVM) was calculated
by using the Devereux formula. They were subject to go for ergometer cycle exercise before breakfast. The Blood
samples were drawn before and after exercise to assess the level of ANP in their samples.

Results: It was found that LVIDd, IVSTd, PWTd, LVM were higher in athletes as compared to their age, sex and
BMI matched controls. The ANP levels in athlete’s plasma were also high in post and pre exercise sample as
compared to controls.

Conclusion: Systolic blood pressure, Diastolic Blood Pressure and heart rate are lower in endurance elite
athletes than matched sedentary controls. The maximal Exercise increases the level of Atrial Natriuretic Peptide
(ANP) in elite athletes significantly as compared to sedentary healthy controls. There was a Positive correlations
between ANP and LVIDd, IVSTd, PWTd, and LVM while there was negative correlation between ANP and heart

rate, ANP and Blood pressure. However, none of correlation was found to be statistically significant.
Keywords: Athlete’s Heart, ANP, Cardiac remodeling in athletes, Echocardiography of heart

INTRODUCTION

The heart of the athlete is strong; the life of the athlete is
long, with rare exceptions, these statements are
incontrovertible facts supported by a wealth of datal. It is a
recognized fact that regular endurance exercise training
has been promoted as a healthful physical activity
associated with multiple benefits and a longer life
expectancy?. Exercise-induced cardiovascular remodeling
is characterized by bilateral dilation of the heart chambers,
with supernormal diastolic function, and enhanced arterial
vasomotor function®. The heart with all these changes*
including lowering of the heart rate and arterial blood
pressure is known as the “athlete's heart.”®> These cardiac
remodeling and hemodynamic adaptations results from
physiological adaptations to the increased demands of
exercise, and left atrial enlargement is a fundamental
component of it®. When the heart faces a hemodynamic
burden, it can do the following to compensate: (1) use the
Frank-Starling mechanism to increase cross bridge
formation; (2) augment muscle mass to bear the extra load;
and (3) recruit neurohormonal mechanisms to increase
contractility’”. The maximum heart rate in athletes remain
unchanged having protective effects on their cardiovascular
health®. These cardiac adaptations include electrical,
structural and functional alterations are generally
considered benign®. The increase in cardiac mass is

maximum over the first few months of training and is
directly related to the level of training. The increase in
cardiac volume makes the heart more compliant with a
larger stroke volume. On the other hand ‘bed rest’ leads to
the reversal of these changes and reduction in volume has
been noted in two weeks?C. Although the controversy about
physical activity’s optimal load continues, the scientific
evidence suggests that the presence of any kind or level of
physical activity is much better for an individual than a
sedentary lifestyle!!.

In 1981 it was demonstrated that injections of heart
atrial extracts into rats gave rise to pronounced diuresis,
natriuresis, and lowered blood pressure. This has led to the
isolation and cloning of atrial natriuretic peptide (ANPgg-126),
a hormone synthesized and secreted predominantly by
cardiac cells?. Within a short time, a peptide with the same
biological properties as the crude atrial extracts was
isolated and its amino acid sequence was identified in
1983-1984, a 28-amino acid peptide in a pure state and
found to elicit potent diuretic and natriuretic activities as
well as vasorelaxant activity, when injected into the assay
rats and accordingly a name “a-human atrial natriuretic
polypeptide (a-hANP)” was proposed for the peptide’s. The
peptide, now known known as atrial natriuretic peptide
(ANP), is the first member of a family of peptides known as
natriuretic peptides (NPs) synthesizes and secreted by the
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mammalian heart and established the heart as an
endocrine organ!*. Mechanical stretch of the atrial wall, due
to increased intravascular volume and/or cardiac
transmural pressure, and multiple humoral factors is the
major stimulus for cardiac ANP release and directly
stimulates the transcription and secretion of the peptide?®.
NPs consists of three biologically active peptides: atrial
natriuretic peptide (ANP), brain (or B-type) natriuretic
peptide (BNP), and C-type natriuretic peptide (CNP).
Among these, ANP and BNP are secreted by the heart and
act as cardiac hormones'®. Human ANP has three
molecular forms, a-ANP, B-ANP, and proANP (or y-ANP),
with proANP predominating in healthy atrial tissuel”. In
healthy subjects the plasma ANP concentrations were
significantly increased during exercise, it is higher in
marathon runners than in the controls and judo groups?®.
An intimate link between plasma concentrations of NPs and
cardiac morphology was found in different types of athletes,
dynamic exercise such as long distance running, cycling,
and hand grip exercises have been reported to increase
levels of NPs in healthy subjects. Marathon running was
associated with progressive left and right atrial remodeling,
possibly induced by repetitive episodes of atrial stretching,
and reflected by elevated levels of pro-ANP?°.

Objectives: The aim of this study was to evaluate the
effect of maximal exercise on the level of cardiac remolding
and Atrial Natriuretic Peptide (ANP) in elite athletes as
compared to sedentary healthy subjects and correlation of
ANP with the adaptation of athlete’s heart and cardiac
remodeling (if any)

Methodology: The present study was carried out at the
Department of Physiology, Army Medical College, with
collaboration of Armed Forces Institute of Cardiology
(AFIC) Rawalpindi from June 2003 to May 2004. A total
number of 44 subjects were included in this study. These
comprised of 22 elite endurance athletes and 22 healthy
sedentary volunteers as controls.

Sampling technique: The subjects were taken by non-
probability purposive sampling technique.

Inclusion criteria: The subjects were inducted in the study
as two groups:

1. Group-l: Elite Endurance Athletes (n=22): were
recruited from Pakistan Army Their age ranged between 18
-35 years and BMI 19-22 kg/m>.

2. Group-ll: Included the age and BMI matched healthy
sedentary controls (n=22)

Exclusion Criteria: All subjects were examined clinically to
rule out the cardiovascular and pulmonary diseases on the
basis of medical history, physical examination (blood
pressure <140/90 mm Hg), and echocardiography. The
family history was considered positive if there was a history
of coronary artery disease, cardiomyopathy, severe
arrhythmias, or any other disabling cardiovascular disease.
Study Design: Cross-sectional comparative study.

Data collection procedure:

1. Medical history: A Proforma as per annexure was
filled in for each subject.

2. General physical examination:
a) Height (m) and Weight (kg)

b) Body mass index (BMI):

in Kg/ Height in meters? (Kg/im?)

BMI = Weight

c) Heart Rate: Heart rate was measured by auscultatory
method at mid clavicular line in left fourth intercostal space
before and within 3 minutes after exercise.
d) Blood Pressure: Arterial blood pressure (mm Hg)
was measured after 5 minutes of rest in a seated position
by mercury sphygmomanometer.
3. M-mode echocardiography: Echocardiographic and
Doppler studies were performed using a Toshiba Power
Vision 6000 echocardiograph with a 3.7 MHz transducer.
Subjects were positioned at 45° left lateral position. To
avoid trabeculations in the measurements of wall thickness,
an integrated M-mode and two-dimensional studies were
done to determine diastolic interventricular septal
thicknesses (IVSTd) and left ventricular posterior wall
thickness (PWTd) and left ventricular end-diastolic cavity
dimension (LVIDd). At first, two-dimensional targeted M-
mode recordings were obtained in parasternal long-axis
view. Then, septal and posterior wall thickness were
measured in parasternal long-axis view between mitral
valve tips and papillary muscle from expanded two-
dimensional images. Smaller numbers from either M-mode
or two-dimensional measurements were accepted to
represent the actual thicknesses of septum and posterior
wall. The left ventricular mass was (LVM) calculated by
using the Devereux formula.

LVM= 0.8 [1.04 (LVIDd + PWTd + IVSTd) 3- (LVIDd) 9]
+0.6¢g
4. Bicycle Exercise Test: The subjects on an electrically
braked bicycle ergometer performed a maximal exercise
test until exhaustion. The initial load was 50W which was
followed by the increments of 10W every 5 minute until
exhaustion. During the exercise test, heart rate, arterial
blood pressure was recorded. Blood pressure was
recorded in the subjects after 5-minute rest in supine
position, and at the peak of the exercise immediately
before the subject was allowed to stop cycling. The same
observer measured blood pressure?.
5. Blood Sampling: Subjects remained in a relaxed
supine position for 20 min prior to blood sampling. A
sample of 5 ml of peripheral venous blood was drawn into
plastic syringe by observing antiseptic measures from an
antecubital vein in each subject and collected into pre-
chilled polypropylene tubes containing EDTA (1.5 g/L,
blood). All subjects fasted overnight, and the blood
samples were collected in the morning (0800 —1000 hours).
Then blood was centrifuged at 1600g at 4 °C for 20
minutes and plasma was separated which was kept frozen
below -70 °C until determination of proANP.
6. proANP (1-98): Plasma concentrations of ANP were
measured using a specific Human NT-proANP 1-98 ELISA
Kit (Shiono RIA ANP assay kit, Shionogi Co, Ltd). This
assay sandwiches a-human ANP between 2 monoclonal
antibodies, one against its carboxy-terminal sequence and
the other against its ring structure, and plasma extraction is
not required??.
7. Statistical analyses: The data were entered and
analyzed on SPSS Version-12 Computer Software
. Descriptive Statistics: Descriptive statistics were
used to calculate Means and standard deviations (£SD) of
all the variables.
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. Inferential Statistics: Comparison of means of all
parameters between Athletes and Sedentary Controls,
using paired Student’s t test (Confidence limit 95%).

. Correlations: Pearson correlation coefficient and
significance of correlation: The values were interpreted as
follows;

r=0 : No Correlation

r=1 Perfect positive Correlation

r=-1 Perfect negative Correlation
RESULTS

Present study was designed to work out the correlation
between atrial natriuretic peptide (ANP), and -cardiac
adaptive changes in endurance trained elite athletes. We
measured pre and post-exercise heart rate, blood pressure,
ANP, levels along with recording the echocardiogram of left
ventricle to measure the end-diastolic internal diameter,
diastolic interventricular septal thickness, and diastolic
posterior wall thickness. The left ventricular mass was
calculated by Devereux formula.?° It was observed that the
heart rate and blood pressure of athletes were significantly
less than the controls; while left ventricular end-diastolic
internal diameter, diastolic interventricular septal thickness,
diastolic posterior wall thickness, and mass was greater in
athletes than controls. Similarly the plasma levels of ANP
was significantly higher in athletes than controls. The
results of this study are summarized in tables 1 to 5.

Table -1 presents the physical data of elite athletes and
controls shows mean age and BMI of the elite athletes and
controls. The difference between none of these is
statistically significant as the controls were carefully
matched.

Table-2 presents heart rate, systolic blood pressure (SBP)
and diastolic blood pressure (DBP) in elite athletes and
controls before and after exercise. The mean heart rate in
post-exercise controls is greater than pre-exercise controls.
While in athletes the heart rate is generally less than the
sedentary controls. The post-exercise mean heart rate was
greater than pre-exercise heart rate of athletes but it was
less than the heart rate recorded in controls after exercise.
Similarly pre and post-exercise SBP in controls was greater
than in athletes. The pre and post-exercise DBP value in
athletes was less than that in controls. The heart rate and
blood pressure are significantly less in elite athletes (p <
0.001 and p < 0.008 on paired samplet’ test) as compared
to the controls.

Figure-1 presents the heart rate, SBP and DBP in controls
before and after exercise. The mean heart rate before
exercise is less than that after exercise, pre-exercise SBP
is less than post-exercise SBP, while pre-exercise DBP is
greater than that in post-exercise, (p < 0.001 and p < 0.05
on paired sample't’ test).

Figure-2 presents heart rate, SBP and DBP in elite
athletes before exercise and after exercise the mean heart
rate in pre-exercise is less than that in post-exercise, SBP
in pre-exercise is less than that in post-exercise, while DBP
in pre-exercise is greater than that in post-exercise, (p <
0.001 and p < 0.05 on paired sample ‘t’ test).

Table-3 presents ANP, BNP and aldosterone in elite
athletes and controls before exercise and after exercise
(within ten minutes of exercise till exhaustion). The mean
ANP in controls before exercise is less than after exercise

in controls. While in athletes the post-exercise ANP was
much greater than pre-exercise ANP levels. All of these are
significantly (p < 0.001 on paired sample‘t’ test) higher in
elite athletes as compared with the controls.

Table 1: Comparison of Age and BMI between Elite Athletes and
Controls (The Values Of Age And Bmi Are Given As Mean +Sd)

Variables Elite Athletes (N=22) Controls (N=22)
Age (years) 22.73 22.5
+3.89 +2.48
BMI 20.36 20.89
+1.56 +0.96
Height (m) 1.74 1.76
+0.05 +0.07
Weight (kg) 61.48 63.58
+2.40 +4.47

None of the differences is statistically significant

Table 2: Heart rate, Systolic blood pressure, diastolic blood
pressure before and after exercise in Athletes and Controls: (The
Values Are Given As Mean * Sd)

Subjects Variables Athletes Controls
n=44) (n=22) (n=22)
Pre- Heart rate 55.86% 74.09
exercise +3.47 +2.86
BP Systolic 107.05#%* 115
(mmHag) £7.01 15.12
BP Diastolic 58.09%* 74.55
(mmHg) $2.43 +5.1
Mean Arterial blood | 83.29::x 95.00
pressure (mmHg) +24.86 +21.05
Post- Heart rate 120.82:xx 136.00
exercise +8.27 +6.87
BP Systolic 131.36% 139.32
(mmHg) 45.16 +9.04
BP Diastolic 56.14#* 70.68
(mmHg) +3.76 +5.19
Mean Arterial blood | 93.75%x 105
pressure (mmHg) +37.86 +35.06

*: The difference is statistically significant at p<0.008
*x; The difference is statistically significant at p<0.001
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Figure 1: Bar Diagram Showing the Comparison between Pre and
Post-Exercise Heart rate and Blood pressure in controls

Figure-3 presents the comparison between ANP levels in
athletes and controls before and after exercise. All of these
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parameters are significantly (p < 0.001 on paired sample‘t’
test) higher after exercise as compared with the pre-
exercise values.

Fig. 4: Comparison of echocardiographic variables
between elite athletes and controls, in it the difference is
statistically significant at P<0.001
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Figure 2: Bar Diagram Showing the Comparison between Pre and
Post-Exercise Heart rate and Blood pressure in elite athletes

Table 3: Plasma levels of Atrial Natriuretic Peptide (ANP) before
and after exercise in elite athletes and controls: (The Values Are
Given As Mean * Sd)

Table 4: Comparison of Echocardiographic Variables between elite
athletes and controls: (The Values Are Given As Mean * Sd)

Parameter Elite Athletes Controls
(n=22) (n=22)
LV end-diastolic internal 54.63%* 40.6364
diameter (LVIDd) (mm) +1.79 +2.08
Diastolic interventricular septal 9.86+ 8.52
thickness (mm) +0.89 +0.37
Diastolic posterior wall thickness | 8.63« 8.04
(PWTd) (mm) +0.73 +0.32
Left Ventricular Mass (LVM) 196.36%# 102.5
(gm) +22.86 +11.01

Subjects (n=44) | Variables Athletes Controls
(n=22) (n=22)
Pre-exercise ANP 35.05* 20.66
(pmoliL) +18.39 +3.76
Post-exercise ANP 48.19%* 21.60
(pmol/L) +23.07 +4.02

*: The difference is statistically significant at p<0.008
**; The difference is statistically significant at p<0.001

PLASMA LEVELS OF ATRIAL NATRIURETIC PEPTIDE (ANP)
BEFORE AND AFTER EXERCISE IN ELITE ATHLETES AND
CONTROLS

50
40
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Athletes

M Pre-exercise M Post-exercise

Fig. 3: Plasma levels of atrial natriuretic peptide (ANP) before and
after exercise in elite athletes and controls

Table-4 presents LVIDd, IVSTd, PWTd and LVM in
elite athletes and controls. All of these are significantly (p <
0.001 and p < 0.008 on paired sample't’ test) higher in elite
athletes as compared with the controls.

*: The difference is statistically significant at p<0.008
=*: The difference is statistically significant at p<0.001

Comparison of Diastolic posterior wall thickness (PWTd) &
Diastolic interventricular septal thickness between elite athletes
and controls

10
5
0
Diastolic posterior wall Diastolic
thickness (PWTd) interventricular septal
thickness

M Elete Athletes M Controls

Fig. 4: Comparison of diastolic posterior wall thickness (LVIDD) &
Diastolic interventricular septal thickness between elite athletes
and controls

Comparison of LV end-diastolic internal diameter (LVIDd) &
left ventricular mass between elite athletes and controls

LV END-DIASTOLIC INTERNAL

LEFT VENTRICULAR MASS (LVM)

DIAMETER (LVIDD) (MM) (GM)
W Elite Athletes 1 Controls
(n=22) (n=22)

Fig. 5: Comparison of left end-diastolic internal diameter (LVIDD) &
left ventricular mass between elite athletes and controls

Table-5 displays the correlation coefficients (and
statistical significance) of ANP with heart rate, blood
pressure, LVIDd, IVSTd, PWTd, and LVM in elite athletes
and controls. There is a non-significant correlation (p >05)
between ANP and heart rate, diastolic blood pressure,
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LVIDd, IVSTd, PWTd, and LVM in elite athletes and
controls. There is significant correlation (p <0.05) between
ANP and systolic blood pressure in controls.

However, there is non-significant negative correlation
between ANP with heart rate and blood pressure in elite
athletes and there is non-significant positive correlation
between ANP with LVIDd, IVSTd, PWTd, and LVM in elite
athletes.

While in controls, there is non-significant negative
correlation between ANP with heart rate and diastolic blood
pressure and there is non-significant positive correlation
between ANP with LVIDd, IVSTd, PWTd, and LVM

Table 5: Correlation of ANP with Heart rate, Blood Pressure,
LVIDd, IVSTd, PWTd, and LVM.

Variable | Elite Athletes Controls

S Correlatio | Significanc | Correlatio | Significanc
n e n e

Heart -0.192 0.392 -0.160 0.477

Rate

BP- -0.201 0.370 -0.461x 0.031

Systolic

BP- -0.217 0.333 0.395 0.069

Diastolic

LVIDd 0.013 0.955 0.053 0.814

IVSTd 0.172 0.444 0.064 0.776

PWTd 0.304 0.169 0.156 0.489

LVM 0.208 0.353 0.026 0.909

* Correlation is significant at p< 0.05 (2-tailed).

DISCUSSION

This study was carried out to determine pre and post
exercise heart rates of elite athletes and sedentary group,
measured pre and post exercise blood pressures and
carried out echocardiography to determine cardiac adaptive
changes in endurance trained elite athletes like wall
thickness, internal dimensions, and ventricular mass, and
end-diastolic volume of the subjects. We also measured
Atrial Natriuretic Peptide levels before and after exercise
and try to find any relationship of ANP levels with these
changes in endurance trained elite athletes. Over the last
two decades and especially in the last five years a lot of
research work has been done to determine changes in
serum ANP levels associated with long-term endurance
exercise. As a result, enough of quality work is now
available on the subject. Serum ANP levels are now closer
to being declared as established markers of status of
athlete’s heart. We will also discuss the cardiac adaptive
changes and cardiac remodeling which have been
observed as increased cardiac parameters (LVIDd, IVSTd,
PWTd, LVM), although they are not high enough in this
setup but may be alarming if they occur in sedentary
population. It was observed that the heart rate and blood
pressure of athletes were significantly less than the
controls, while left ventricular end-diastolic internal
diameter, diastolic interventricular septal thickness,
diastolic posterior wall thickness, and mass was greater in
athletes than controls.

Similarly the plasma levels of ANP were significantly
higher in athletes than controls. Though not significant but
positive correlations were found between, ANP and LVIDd,
ANP and IVSTd, ANP and PWTd, and ANP and LVM.

While there was negative correlation between, ANP and
heart rate, ANP and Systolic Blood pressure, and ANP and
diastolic blood pressure.

Here we will attempt to discuss in the light of our
findings and in comparison with contemporary works
whether ANP have a potential to become an established
set for understanding the left ventricular remodeling in
athlete’s heart due to their relation with type and magnitude
of remodeling or not and to which extent it is correlated with
cardiac adaptation or remodeling? Regarding cardiac
dimensions, it has been found that LVIDd in athletes is
increased as compare to sedentary person. Therefore, it
was not surprising that in this study the LVIDd was found to
be 54.63 mm £1.79 mm in elite athletes, which is
significantly higher as compared to the sedentary controls
in whom it was found to be 40.63 mm + 2.08 mm. Lakatos
et al found in a large population of highly trained athletes (n
1,777), enlarged LA dimension (23 to 50 mm, mean, 37 + 4
mm) in men and 20 to 46 mm (mean, 32 + 4 mm) in women
and was enlarged (i.e., transverse dimension > or = 40
mm) in 347 athletes (20%), including 38 (2%) with marked
dilation (> or = 45 mm)23. D’Ascenzi et al reported that the
mean LVIDd was 53 = 0.5 mm and maximal wall thickness
11.2 + 0.2 mm (p<0.01) in elite football players as
compared to normal reported control subjects?*. Similarly
D'Andrea et al also observed the same pattern that is Left
ventricular end-diastolic cavity dimensions (LVIDd) of 56 +
5.6 in endurance trained athletes?S. These Values are close
to what we found in our study. In the absence of systolic
dysfunction, this cavity dilatation is most likely an extreme
physiologic adaptation to intensive athletic conditioning. In
our study we found diastolic posterior wall thickness
(PWTd) and diastolic Inter-ventricular septal thickness
(IVSTd) were significantly more in elite athletes than that in
controls. As the mean (+SD) values of PWTd and IVSTd in
our elite athletes definitely showed a visible increase,
however, looking at the cases individually we found that
some athletes had normal PWTd and IVSTd values (mean
IVSTd in athletes was 9.86 = 0.89 mm as compared to
controls 8.56 +0.37 mm) (p<0.001). This could be due to
the possibility that adaptation to hemodynamic overload
induced by training may not be a relevant factor or, at least,
it isn't a predominant one. Mean PWTd in this study was
calculated to be 8.63 + 0.73 which is significantly higher
than controls 8.04 + 0.32 (p <0.008). Similar results have
been reported by Pellicia et al in their latest study of 2018
on 40 elite male athletes measured the PWTd to be
9.3+1.4mm, the level close to what we found in present
study* and Sharma et al in his study also measured mean
PWTd levels in elite athletes 9.5+1.7 mm and in controls
84 + 1.4 mm (p < 0.0001)%, Pela et al reported the
maximal wall thickness 10.3 + 1.7 vs 8.8 £ 1.1 mm (p <
0.0001)?". This high values is probably because of racial
difference as Caucasian populations have more body
surface area as compared to Asians.

As stated earlier that ANP is released in response of
exercise in athletes and sedentary controls. In previous
studies it was observed that the cardiac remodeling during
endurance training causes an increase in plasma levels of
ANP, which is related with type and magnitude of
remodeling. Myocyte stretch (e.g. due to increased
intravascular volume) is regarded as the central regulator
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of ANP secretion.l” Expression and secretion of ANP is
stimulated by various factors and is regulated via multiple
signaling pathways it had been found that the ventricular
hypertrophy is generally accompanied by increased
formation and release of ANP from the heart?®. Thus,
Exertion puts extra strain on heart by increasing the cardiac
work load in order to supply more blood to match the
increased metabolic needs. The physiological effects of
ANP like reduction in heart rate, stroke volume, cardiac
output and blood pressure etc are thought to contribute to
adaptive changes in periods of cardiovascular stress?°>.ANP
plasma level respond differently to the type of exercise.
Date et al compared echocardiographic measures and
plasma concentrations of ANP in different types of athletes
and healthy controls to investigate the relationship between
the different types of left ventricular hypertrophy and
plasma ANP concentrations. Plasma ANP concentrations
were found to be significantly higher in marathon runners
(11.4845.80 pg/ml =) than in the control (5.33+1.86 pg/ml)
or judo group (5.44+5.38 pg/ml) (marathon vs control,
p<0.0005; marathon vs judo, p<0.005).2° The most likely
cause of this may be that LV structural changes in elite
athletes represent adaptation to hemodynamic overload
induced by training and are consistent with different kinds
of sports activity. Although ANP is predominantly produced
in and secreted from the atria, the ventricular ANP gene is
expressed during LV hypertrophy suggesting that the
ventricular myocardium produces and secretes ANP into
the blood circulation. ANP is stored and released by a
regulated pathway in the atrium whereas it is released from
the ventricle®C. Plasma ANP concentrations were high only
in the marathon group and correlated with both LAD index
and LVD index, suggesting that ANP is secreted from the
dilated LA and/or LV3! In present study the mean (+ SD)
plasma level of ANP was found be elevated (35.05 +18.39
pmol/L) in endurance trained athletes as compared to
sedentary controls (20.66+3.76 pmol/L) before exercise.
(p<0.008) while after exercise the ANP level was increased
significantly in athletes (48.19 +23.07 pmol/L) as compared
to controls (21.60+4.02 pmol/L). Yan et al in 2017
examined changes of ANP concentration on exercise
testing and found that ANP concentration increased
significantly immediately after the testing®?. Several factors
have been evaluated as possible stimuli for the release of
ANP in healthy individuals on exercise. Exercise intensity
has been reported to stimulate the release of ANP. In a
study before ours, Wilhelm et al has examined the
response of plasma ANP to prolonged strenuous exercise
in healthy individuals. He related this rise to exercise which
significantly increased ANP levels in healthy men, and
could be due to atrial remodeling perpetuated by repetitive
episodes of atrial stretching during strenuous competitions,
which is reflected by elevated levels of pro-ANP323,
Mandroukas et al in the study conducted in 2011 concluded
that ANP for all athletes was increased significantly in
response to not only medium-term exercise but also
endurance exercise®*. Cardiac strain during long-distance
running may explain the pronounced increase in ANP level.

Wilhelm et al. found a strong positive correlation
between proANP concentration at baseline and after a 10-
mile race and right atrial volume among marathon runners
compared to non-marathon runners and emphasizes the

importance of right atrial overload following a bout of
strenuous exercise. 2! In our study we did not found any
significant correlation of ANP with LVIDd, IVSTd, PWTd,
and LVM. However, there is non-significant positive
correlation between ANP with LVIDd, IVSTd, PWTd, and
LVM in elite athletes.

CONCLUSION

Systolic blood pressure, Diastolic Blood Pressure and heart
rate are lower in endurance elite athletes than matched
sedentary controls. The maximal Exercise increases the
level of Atrial Natriuretic Peptide (ANP) in elite athletes
significantly as compared to sedentary healthy controls.
There was a Positive correlations between ANP and
LVIDd, IVSTd, PWTd, and LVM while there was negative
correlation between ANP and heart rate, ANP and Blood
pressure. However, none of correlation was found to be
statistically significant.
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