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ABSTRACT

Introduction: Competitive sports activities involve morphological and functional cardiac adaptations allowing to optimize cardiac
function. The adaptations derived from sports practice are related to genetic factors, age and sport activity, type and intensity of training
protocols, which can define different functional and morphological adaptation models (endurance vs resistance vs power/strength). The
purpose of our study was, therefore, to verify the presence and extent of specific cardiovascular adaptations to different sports.

Materials and methods: We conducted a cross-sectional study on 80 healthy males divided into five groups based on the sport
practiced: bodybuilding (BB), volleyball (VB), cycling (CG), running (RN), and no practitioners (SY). During a routine medical visit
at 8.00 AM with the same environmental condition (room temperature at 24°), all the participants were asked to undergo a mono and
bidimensional echocardiography and tissue Doppler imaging to investigate cardiac dimensions.

Results: Between BB and SY, our results showed only a higher LVED and LVES for BB compared to SY (p<0.05). BB had also
a lower BSA, LVM, and PP (p<0.05) than the VB group. No differences were found between CG and RN (p>0.05). Furthermore, our
findings revealed that all outcomes except for BSA and LVED index were higher for CG than for SY (p<0.05).

Conclusions: The continuous practice of bodybuilding is not uniquely associated with an increase in left ventricular mass. From
the data obtained in our experimental study, there are no cardiological adaptations worthy of note, having found differences with the
sedentary group only in left ventricular systolic and diastolic diameters. Moreover, our results confirm that specific types of training
and sports activities influence cardiac output differently in healthy males.
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Introduction vessels to maintain proper blood supply to increase
myocardial mass!"'?). Interstitial fibrosis detectable

Competitive ~ sport  activities  involve in hypertrophic heart diseases, such as hypertrophic

morphological and functional cardiac adaptations
allowing to optimize cardiac function?. The primary
functional adaptation is represented by bradycardia
at rest, resulting from a new sympathetic-vagal
balance™*®), while the main morphological adaptation
is represented by myocardial hypertrophy, based on
the harmonic increase in myocardial mass that, in
turn, depends on the intensity of practiced sport®”1%.
This type of hypertrophy involves both myocytes and

cardiomyopathy or cardiac amyloidosis, is not
detectable in physiological cardiac adaptations,
avoiding detrimental effects on diastolic function
(loss of distensibility) or wall stress increase, which
represent negatives consequences of pathological
irreversible illnesses''. These adaptations (derived
from sport practice) are related to genetic factors
(genotype), age and sport activity, type and intensity
of training protocols, which can define different
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functional and morphological adaptation models
(endurance vs resistance vs power/strength) 32",

Intense exercise, able to stimulate skeletal
muscle tone, and bone density and exert metabolic
effects on insulin sensitivity, is often not considered
a therapeutic approach tool by physicians, mainly
due to the strong cardiovascular impact related to
peak pressure and sudden increase in heart rate®
), We studied a selected population of high-ranked
competitive body-builders, and we compared their
cardiovascular adaptations with similar high-ranked
sportsmen from different disciplines. With respect
to the literature, this group of athletes did not show
a homogeneous pattern of adaptation at all (most
of them had no one), contrary to what we found in
other sports population®-3, These considerations
led us to conclude that resistance training (RT), even
when conducted in an intense and prolonged way,
was not able to really impact on the cardiovascular
system in strenuous work overload, as it seems to
happen in sports like cycling or endurance®*.

The purpose of our study was, therefore, to verity
the presence and extent of specific cardiovascular
adaptations to the sport of bodybuilding. In addition,
within the study, we wanted to verify whether we
can find differences between those who practice this
discipline. Finally, a further comparison was made
with a group of apparently healthy sedentary people.

Methods

Study design and participants

We conducted a cross-sectional study on 80
healthy males (age 24.47+4.92 years; BMI 23.96+3.87
kg/m? mean+SD). They were enrolled and divided
into five groups based on their sport participation:
bodybuilding (BB), volleyball (VB), cycling (CG),
running (RN), and no practitioners (SY). In particular
(Table 1), the 20 subjects’ no-sport-practitioners
(24.3+3.66 years; BMI 23.58+2.83 mean+SD) did not
take regular exercise in the last 12 months.

Theinclusion criteria were to be an athlete (high-
ranked competitive) of bodybuilding, volleyball, and
cycling, and run for at least three years with at least
five training sessions per week; age>18 years; to be
in possession of a valid sport medical examination
and the capacity to understand the Italian language.
The exclusion criteria were orthopedics injuries in
the last six months and cardiovascular or respiratory
diseases. Written informed consent was obtained by
all participants prior to engaging in the study. All the
participants were free to withdraw from the study

at any time. All the procedures were in accordance
with the Declaration of Helsinki, as revised in 2013.
The study protocol and procedure were approved by
the Ethical Committee of Diagnostica e Medicina
Specialistica-RXCA (011110841002).

Procedure
Age (years) Height (m) Weight (kg)
BB 27+5.23 1.73+0.07 86.6+11.4
CG 23.8+3.47 1.76+0.04 69.2+4.83
RN 27.9+5.31 1.75+0.06 62.0+4.39
SY 25.3+3.96 1.77+0.06 74.0£10.7
VB 21.7+3.96 1.93+0.06 86.3+4.51

Table 1: Descriptive characteristics of the sample stratified
by the sport practiced.

Anthropometrics characteristics

Before the measurements, all the subjects
refrained from alcohol consumption and intensive
physical activity for 24 hours and from caffeine
consumption for 5 hours in order to avoid acute
effects on endothelial function and oxidative stress.

Height and weight are collected before the
echocardiography assessment. Standing height was
measured using a Harpenden stadiometer (Holtain
Ltd., Cross-well, UK) with a fixed vertical backboard
and an adjustable headpiece. The measurement was
taken on each subject in an upright position, without
shoes, with their heels together and toes apart, hands
at sides, aligning the head in the Frankfort horizontal
plane. Weight was assessed with participants not
wearing shoes and in light clothing, standing upright
in the center of the scale platform (Seca, Hamburg,
Germany) facing the recorder, hands at sides, and
looking straight ahead.

Two measurements were taken for each
parameter, and a third was obtained if a discrepancy
was noted between the initial measurements for
weight (>500 g) and height (>0.5 cm). BMI was
calculated as body weight (Kilograms) divided by
height (meters squared).

Echocardiography and tissue Doppler
imaging measurements

During a routine medical visit at 8.00 AM
with the same environmental condition (room
temperature at 24°), all the participants were
asked to undergo a mono and bidimensional
echocardiography and tissue Doppler imaging to
investigate cardiac dimensions (Left and Right
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end-diastolic ventricular diameter, wall thickness,
diastolic and systolic function as well as myocardial
stiffness related parameters as isovolumetric
relaxation time).

Studies were performed with a commercially
available ultrasound machine equipped with tissue
Doppler (SONY-ACUSON CV 70), using a 1.5-5
MHz transducer. Heart rate and blood pressure were
measured just before the cardiac measurements in a
landing position.

All the measurements were averaged from at
least three consecutive cardiac beats. Conventional
echocardiography consisted of M-mode, 2D,
and Doppler (color and tissue) blood flow
measurements that were performed according to
the current guidelines of the American Society of
Echocardiography®. In particular, with the M-mode

Statistical analysis

All the data were summarized as mean and
standard deviation (SD), and the mean difference
was calculated to describe differences between
groups. We tested for normality by Shapiro-Wilk
tests and graphically checked for linearity. We used a
parametric ANOVA with Bonferroni correction or its
correspondent non-parametric ANOVA of Krustal-
Wallis with dwass-steel-critchlow-fligner correction
as appropriate to evaluate the differences between
groups. All the significance was set at a p-value less
than 0.05. Statistical analyses were performed using
The Jamovi Project (2021).

Jamovi Version 1.6 for Mac (Computer
Software), Sydney, Australia; retrieved from https://
www.jamovi.org (accessed on 5 May 2022).

tracings from the parasternal long and short-axis Results
view, a series of cardiac indexes were measured as
described in Table 2. Tables 1 and 3 show the descriptive
—— characteristics of the sample, while Table 4 reports
Measure mel;:u(;es Description Acronimous h d ﬂ: . d b 11 h
the difterences 1n cardiac output etween all the
Aortic root diameter mm AR groups.
Left atrium diameter mm LA BB CG RN SY VB
Left ventricular 2.01+ 1.85+ 1.75+ 1.85+ 217+
telesystolic diameter mm LVES BSA 0.15 0.09 0.09 017 0.08
Left ventricular LVED 55.00£ 57.13% 57.00+ 50.35+ 57.60+
telediastolic diameter mm LVED (mm) 5.64 292 2.39 3.03 235
. LVED 27.43% 30.98+ 32.55+ 27.37+ 16.75+
Diastolic septal mm SIv index 1.95 1.64 2.05 343 1.09
) ) LVES 36.00 36.53% 35.40+ 30.85+ 36.33+
Posterior wall thickness mm PP (mm) 510 398 3.58 2.45 238
) ) LVES 17.93+ 19.82+ 2021+ 16.70 16.75+
Fractional shortening % FS index 1.86 226 223 219 1.09
. Hypertrophy was considered LVM 375.771 441.67+ 438.27+ 362.80+ 43523+
Le:f; exing:ice‘;lar gr/m? present when the mass index v (gr) 4123 16.12 18.11 20.66 21.33
exceeded 116 g/m*
LVM 187.92+ 239.48+ 25041+ 97.38+ 200.74+
End-diastolic area o EDA index 21.49 10.71 1851 22,16 12.02
SIV 1043+ 12.13¢ 11.73+ 9.60+ 547+
End-systolic area o ESA (mm) 1.39 0.83 0.80 0.75 0.40
SIv 5204 6.58+ 671+ 521+ 547+
Assessed using left ventricular index 0.69 0.51 0.62 0.59 0.40
Ejection fraction % lengths and following modified EF%
biplane Simpson’s method PP 991+ 12.07¢ 1227+ 10.15+ 12.00+
(mm) 1.38 0.46 0.46 0.67 0.80
Flow propagation cm/sec PV
velocity PP 496+ 654+ 7.01+ 554+ 550+
index 0.75 0.27 0.52 0.70 0.42
Assessed by pulsed-wave
Diastolic functi /=/>1 Doppler of the t itral fl EAR fagd bl :
rastolic function <= o ejection on area ratio? Table 3: Descriptive characteristics of the sample stratified
ot o oo v by sports.
. . recorde y color -mode
Left ventricular inflow cm/sec echocardiography v Note: The data are presented as mean + SD.
Pealf mypcardial cm/sec STDI .
velocities in systole Table 4 shows that BB had a higher BSA
Peak myocardial cmisec ETDI (p<0.05) compared to CG and RN. BB had also a
velocities in diastolic early
: higher SIV (p<0.05) and a lower BSA, LVM, and PP
Peak myocardial em/sec ATDI

velocities in diastolic late

Measured as the ratio
of Ejection on ETDI ratio

Left ventricular

end-diastolic pressure 2

Table 2: Cardiac measures and index collected.

(p<0.05) than the VB group. Between BB and SY,
our results showed only a higher LVED and LVES
for BB compared to SY (p<0.05). Furthermore, our
findings revealed that all outcomes except for BSA
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and LVED index were higher for CG than for SY
(p<0.05). No differences were found between CG
and RN (p>0.05). For RN, our results showed that all
outcomes, except for BSA, were higher in RN than in
SY (p<0.05).

RN also had a higher PP index, SIV index, LVM
index, and lower BSA than VB (p<0.05). Between SY
and VB, SY had lower direct cardiac measures than
VB (p<0.05), while the calculated indexes were not
different between the two groups (p>0.05).

Discussion

The aim of our study was to evaluate the different
cardiac adaptations among different sports. The
results from our study showed no relevant cardiac
adaptations in the BB group. They only differed
from the SG group for increased left telesystolic and
telediastolic diameters, but when adjusting for BSA,
this difference disappeared. Although this difference
with sedentary adults, our results are in accordance

cG RN Sy VB
BB 0.16 (p=0.01)" 0.26 (p<0.001)"™" 0.16 (p>0.05) 0,16 (p=0.034)’
CG 0.10 (p>0.05) 0.00 (p>0.05) 0,32 (p<0.001)™
BSA RN -0.10 (p>0.05) -0.42 (p<0.001)
Sy -0.32 (p<0.001)"
BB 2,13 (p<0.05) 22,00 (p<0.05) 4,65 (p<0.001)" 22,60 (p>0.05)
LVED CG 0.13 (p>0.05 6.78 (p<0.001)"™ 0,47 (p>0.05)
(mm) RN 6.65 (p<0.001)"™ £0.60 (p>0.05)
Sy 7.25 (p<0.001)"
BB 13,55 (p<0.001)"" 512 (p<0.001)"" 0.06 (p>0.05) 0.88 (p>0.05)
LVED cG 157 (p>0.05) 3.61 (p>0.05) 4.43 (p<0.001)™
index RN 5.18 (p<0.001)™ 6.00 (p<0.001)™
Sy 0.82 (p>0.05)
BB -0.53 (p>0.05) 0.60 (p>0.05) 5.15 (p<0.001)" 033 (p>0.05)
LVES cG 113 (p>0.05) 5.68 (p<0.001)" 0.20 (p>0.05)
(mm) RN 4.55 (p=0.008)" £0.93 (p>0.05)
Sy 5,48 (p<0.001)"
BB -1.89 (p>0.05) 2,28 (p=0.034)’ 1.23 (p>0.05) 118 (p>0.05)
LVES cG 039 (p>0.05) 3.12 (p=0.006)"" 3.07 (p=0.006)"
(index) RN 3.51 (p=0.006)" 3.46 (p<0.001)™
Sy 0.05 (p>0.05)
BB -65.9 (p<0.001)"" ~62.5 (p<0.001)"" 12,31 (p>0.05) 26012 (p<0.001)""
M cG 3.4 (p>0.05) 78.87 (p<0.001)™ 6.44 (p>0.05)
(gr) RN 75.47 (p<0.001)™ 3.04 (p>0.05)
Sy 72,43 (p<0.001)"
BB -51.56 (p<0.001)"" 6249 (p<0.001)" 29.46 (p>0.05) £12.82 (p>0.05)
M cG -10.93 (p>0.05) 42.10 (p<0.001)" 38.74 (p<0.001)™
(index) RN 53.03 (p<0.001)™ 49.67 (p<0.001)™
sy 2336 (p>0.05)
BB “1.70 (p=0.005)" 1,30 (p=0.033)’ 0.83 (p>0.05) 1.4 (p=0.016)’
siv cG 0.40 (p>0.05) 2.53 (p<0.001)" 0.26 (p>0.05)
(mm) RN 2,13 (p<0.001)™ £0.14 (p>0.05)
sy 2,27 (p<0.001)"
BB 136 (p<0.001)" 149 (p<0.001)"™ 0.01 (p>0.05) 2025 (p>0.05)
siv cG ~0.13 (p>0.05) 137 (p<0.001)" L11 (p<0.001)"
(index) RN 150 (p<0.001)™ 1.24 (p<0.001)™
sy 2026 (p>0.05)
BB 2,16 (p<0.001)" 2,36 (p<0.001)"™ -0.24 (p>0.05) 2,09 (p<0.001)"
op cG 2020 (p>0.05) 1.92 (p<0.001)" 0.07 (p>0.05)
(mm) RN 212 (p<0.001)™ 0.27 (p>0.05)
sy -1.85 (p<0.001)"
BB 1,58 (p<0.001)" 2,05 (p<0.001)" £0.58 (p=0.024)’ 054 (p>0.05)
PP cG 2047 (p>0.05) 1.00 (p<0.001)"" 1.04 (p<0.001)""
(index) RN 147 (p<0.001)" 151 (p<0.001)™
Sy 0.04 (p>0.05)

Table 4: Cardiac output stratified by the sport practiced.

Note: The data are presented as mean difference (p-value) for the comparison between groups (e.g., for the BSA; BB (mean 2.01) - CG

(mean 1.85) = 0.16). "p<0.05; “p<0.01; *"p<0.001.
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with a study conducted by Silva et al. (34), which
showed no cardiac adaptations in strength compared
to endurance athletes. Also, in contrast to our results,
other works indicated that bodybuilding would lead
to an increase in the internal dimensions of the
left ventricle, the thickness of the interventricular
septum or the posterior wall, and therefore globally,
the ventricular mass.®>3%.

Despite this, ventricular mass (dependent on
organ thickness) in bodybuilders is lower compared
to populations of other athletes, all of whom
(excludingvolleyball players, whose body size justifies
the difference) are characterized by disciplines that
subject the heart to prolonged and intense efforts
(where intensity refers to values of heart rate relative
to the maximum theoretical heart rate). Moreover,
another interesting result is the similarity between
CG and RG in all cardiac outcomes; this could be
explained by the similarity of the sports practiced
and the type of training performed by these athletes.
Indeed, the persistent demand for increased blood
flow (in terms of stroke volume per heart rate) to
actively contracting muscles, combined with greater
venous return due to rhythmic contraction of the
exercising musculature, leads to central adaptations
characterized by a harmonious increase in chamber
dimensions and cardiac wall thicknesses.

Despite this, our results are in contrast with
precedentstudiesthatshowed thatcardiacadaptations
in cyclers and runners were different®*). For
example, Hoogsteen et al.*” showed an increased left
ventricular mass in cyclists and triathletes compared
to marathon runners. One possible explanation for
these contrasting results could be the evolution in the
type of training for both these disciplines in recent
years, so future studies should focus on evaluating
the specific training program of these disciplines and
analyze the adaptations in cardiac output to confirm
our results. Supporting the hypothesis that various
activities result in distinct cardiac adaptations, the
VB group serves as confirmation. In our study, the
VB group exhibited the most pronounced divergence
when compared to the other groups.

This divergence could be attributed to the
specific nature of sports that involve prolonged
engagement in explosive activities, such as jumps
and dives. In accordance with our results, several
studies explained that from different training stimuli
occur different cardiac adaptations. For example,
Mihl et al.*? showed that resistance training induces
modification in left ventricular wall thickness, while
endurance training showed an increase in cardiac

output and volume load in both left and right
ventricles, leading to a mild to moderate dilation
of the left ventricle in the trained heart. Moreover,
Spirito et al.*? confirmed that strength and power
disciplines have a large impact on left ventricular
wall thickness.

In conclusion, the continuous practice of
bodybuilding is not uniquely associated with an
increase in left ventricular mass. From the data
obtained in our experimental study, there are no
cardiological adaptations worthy of note, having
found statistically significant differences only with
the sedentary group in left ventricular telesystolic
and telediastolic diameters. This difference is also
canceled by indexing the outcomes obtained for the
body surface area. The literature also shows that the
type of adaptations found among subjects dedicated
to this type of discipline is not absolutely univocal:
most cases would be characterized by concentric
hypertrophy, while the minority by an eccentric
one. The presence or absence of adaptations would
depend on multiple factors: the execution of the
Valsalva maneuver, which, as widely discussed,
would minimize the increase in transmural pressure
and, therefore, wall stress, the type of training
adopted, the age of start of sports practice, the age of
the subjects taken into consideration, the seniority
of training.

We must not forget the role of genetics, for
which some subjects may be "predisposed” to have
a globally large heart and, therefore, a larger left
ventricle: further exposure to workloads typical of
bodybuilding could exert an additive effect, realizing
more marked central adaptations.
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