Differences in echocardiography, blood pressure, stroke
volume, maximal power and profile of genes related
to cardiac hypertrophy in elite road cyclists
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Abstract

Background. Reqular and moderate exercise is beneficial for improving the efficiency of the heart, but
high-intensity physical activity may result in cardiac changes.

Objectives. This study focuses on the identification of the differences in echocardiography and blood vari-
ables before exercise, as well as the genes associated with cardiac hypertrophy at rest and in response to
graded exercise test.

Material and methods. The study group was made up of 28 road cyclists. Echocardiographic parameters
and blood pressure were measured before exercise tests (N = 28). Blood samples were collected at rest, at
maximal exercise intensity in a graded bicycle test and after 15 min of recovery; afterwards, blood morphol-
ogy was estimated and RNA was isolated. Analysis of the expression profile of genes was performed for
randomly selected road cydlists using the microarray method.

Results. Echocardiographic results and blood parameters divided cyclists into two groups: with and with-
out left ventricular hypertrophy (N = 14). Differences in the structure and function of the left ventricle
cyclists with a similar level of training were observed (p < 0.05). Diastolic blood pressure and resting heart
rate were significantly lower in subjects with left ventricular hypertrophy (p < 0.05). The myosin light
chain 9 and interleukin-6 signal transducer gene expression were differentially requlated in cyclists with
left ventricular hypertrophy compared to athletes with normal heart dimensions in response to intensive
exercise.

Conclusions. We have found differences in echocardiography parameters, blood pressure, stroke volume
and maximal power in the cyclists examined. These studies indicate the benefits of the recommended
echocardiography measurements for professional endurance-athletes. The graded exercise altered the
myosin light chain 9 and interleukin-6 signal transducer gene expression in the peripheral blood of road
cyclists has also been found.
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It is well-known that regular and moderate exercise
is beneficial for improving the efficiency of the heart.
Among others benefits, it reduces the risk of atheroscle-
rosis and improves exercise tolerance in patients with
coronary pain and heart failure.! High-intensity physical
activity may result in cardiac dysfunction and increased
incidents of sudden death in athletes. These observa-
tions can be found in studies demonstrating that extreme
physical load can lead to the transient reduction of the left
ventricular function and increases the incidence of ar-
rhythmogenic right ventricular cardiomyopathy.>? That
is why the world’s sporting and cardiology organizations
recommend that medical examinations be performed on
competitive endurance athletes for the early detection of
possible pathologies.* Strenuous exercise, such as road
cycling, may result in compensatory myocardial hyper-
trophy, commonly known as athlete’s heart.® The main
morphologic characteristics are left ventricular hyper-
trophy (LVH), an increase in the coronary reserve and
improvement of left ventricular myocardial contractil-
ity.>” The primary stimulus for cardiac hypertrophy is
mechanical stress, which induces a growth response in
the overloaded myocardium.” The possible mechanisms
of cardiac hypertrophy remain controversial. Several re-
searchers have highlighted the importance of hormonal
regulation or an adrenergic nervous system or other fac-
tors.®? It has also been suggested that mechanical loading
regulates intracellular signals for the gene expression as-
sociated with cardiac hypertrophy without participation
of humoral or neural factors. Although alterations in the
expression of genes implicated in cardiac hypertrophy
have been extensively studied in experimental models™®
and clinical studies"!! little is known regarding the sig-
naling mechanisms that lead to the gene expression in the
peripheral blood of trained cyclists. Literature reviews
indicate that all structural and functional changes, which
represent physiological adaptation to regular training, in-
crease the functional capacity of the cardiovascular sys-
tem at rest and during exercise.”~!! It should be taken into
consideration that several mechanisms may be involved
in exercise-related cardiac fatigue, including changes in
preload conditions, myocardial stunning, 3;-receptor de-
sensitization, the impaired release of cardiac biomarkers
and altered autonomic regulation.”~'2 Intriguingly, a re-
markably different gene expression pattern was noted be-
tween adaptive and maladaptive cardiac hypertrophy.!>14
Little is known regarding the gene expression which is
considered to be related to left ventricular hypertrophy
in endurance-trained athletes. Moreover, it has not been
clearly defined whether the genes’ expression changes in
response to maximal physical exertion and/or post-exer-
cise recovery.

Therefore, the goal of this study was to investigate the
differences in echocardiographic and other variables be-
fore exercise, as well as in the expression profile of genes
associated with cardiac hypertrophy at rest and in re-
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sponse to maximal physical exertion and post-exercise
recovery in professional road cyclists.

Material and methods
Subjects and study protocol

Twenty-eight male Polish elite road cyclists gave their
informed written consent to participate in this study. All
subjects were competitive cyclists with the same training
status of LVH and non-LVH group (9.9 £ 5.1 and 9.3 + 4.3
years, respectively). The training status of the subjects is
expressed as maximal oxygen consumption (VOamax),
the highest value was 71 mL/kg/min, and the mean indi-
vidual monthly training volume was 655 + 53 km. They
participated in the study during the pre-season period
and underwent medical evaluations including clinical
history, physical examinations, echocardiography and
blood parameters. The study was approved by the local
ethics committee and conformed to the standard set by
the declaration of Helsinki.

Pre- and post-exercise data collections were carried out
in an exercise physiology laboratory in the morning hours
between 08.00 and 11.00. None of the subjects had a his-
tory of cardiovascular, pulmonary or metabolic diseases.
Three days prior to the study all participants were put on
a mixed, isocaloric diet (2899 + 1100 kcal/day) consist-
ing of carbohydrates, proteins and fats. The athletes were
asked to refrain from food, juices and caffeine for at least
8 hours and avoid strenuous exercise for 24 hours prior
to testing.

Echocardiographic data

All examinations were performed using the Hewlett-
Packard Image Point HX ultrasound system with stan-
dard imaging transducers. All analyses were made and/
or supervised by the same cardiologist. Left ventricular
end-diastolic dimensions (LVEDD) were measured at the
onset of the QRS complex. LV volumes were derived ac-
cording to the modified Simpson’s method. The left ven-
tricular ejection fraction (LVEF) was calculated in the
standard fashion from LV end-diastolic and end-systolic
volume.

The intra-observer coefficients of variation were 2.5%
for the measurements of LV diameters, and 3.6% for mea-
surements of LVEF. The left ventricular systolic function
was determined by measurements of LVEF and stroke
volume (SV). LV muscle mass (LVM) was derived accord-
ing to Devereux.!> LV mass = 1.04 [(LVEDD + IVSDD +
LVPWT) - (LVEDD)], where LVEDD was the left ven-
tricular end-diastolic internal diameter, IVSDD was the
intraventricular septum thickness during diastole, and
LVPWT was the left ventricular posterior wall thick-
ness.? Left ventricular mass was indexed to body surface
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area (BSA). Left ventricular hypertrophy was identified
when left ventricular mass index (LVM/BSA) was greater
than 115 g/m? in men.*

Maximal graded exercise test

Before each subject performed a maximal graded exer-
cise test using a cycle ergometer (F-Lode Excalibur, Gron-
ingen, Netherlands), blood pressure and heart rate were
measured with a manual sphygmomanometer. The exer-
cise started with unloaded cycling for 5 min, and then
increased by 40 W every 3 min, up to the maximal exer-
cise intensity. The maximal oxygen uptake (VOamax) was
achieved if two of the following criteria occurred: a pla-
teau in oxygen uptake (VO,) with increasing work rate;
respiratory quotient greater than 1.15; a heart rate (HR)
within 10 beats of age predicted maximum (220 — age); or
volitional fatigue. Oxygen uptake was measured continu-
ously from the 6" minute prior to exercise and through-
out each stage of the exercise protocol using the Oxycon
Apparatus (Jaeger, Germany).

Biochemical data

Following the exercise testing procedures, blood sam-
ples were taken using a peripheral catheter inserted into
the antecubital vein. Venous blood samples were col-
lected in a sitting position: 15 min before exercise (Thes),
at maximal exercise intensity (Tmax), and after 15 min of
recovery (T;5). Morphology variables in the whole blood
were measured with the ABX MICROS 60 (HORIBA ABX
SAS) analyzer, using standard methods and reagents.

Microarray analysis

Immediately after the whole blood sample collection,
leukocytes were separated using the standard method.
Total RNA was isolated from leukocytes according to the
manufacturer’s protocol with a ready-to-use TRIZOL®
Reagent (Invitrogen Life Technologies, USA). The ob-
tained RNA was purified using RNeasy Mini kit columns
with DNase I from Qiagen (Germany). The amount of the
obtained RNA and its purity was checked using a Gen-
eQuant II spectrophotometric calculator (Pharmacia
Biotech, UK), at wavelengths of 1 230/260/280/320 nm.
To check the specificity of gene expression changes in
cyclists with left ventricular hypertrophy, the microarray
data from randomly selected cyclists in both groups was
analyzed. The isolated RNA samples were used for cDNA
and biotin-labeled cRNA synthesis, which was then frag-
mented and hybridized with Affymetrix Human Genome
U133A expression microarray in accordance with the
Gene Expression Analysis Technical Manual (Affyme-
trix, USA). Fluorescence signals (FS) of the probe set were
scanned by the GeneArray Scanner 3000 7G (Affymetrix,
USA).

1001

Statistical analysis

The obtained results were analyzed using the Statis-
tica for Windows, v. 12 (StatSoft Inc.). The Shapiro-Wilks
W test was used to confirm normal distribution. Values
are presented as mean + standard deviation (SD). Stu-
dent’s t-test was used for comparison between groups
(LVH and non-LVH). Using the Affymetrix NetAffx da-
tabase, 56 mRNAs were selected, which corresponded to
cardiac hypertrophy-related genes. The obtained fluores-
cence signals (FS) were normalized by the RMA Express
(log, FS) using Matlab software. ANOVA with the Tukey
post hoc tests were used to analyze changes in MYL9 and
IL6ST over time (Tyest, Trmax T15). According to the stan-
dard method for analyzing the microarray data of gene
expression, the results were calculated as a ratio of the
normalized FS for the LVH and non-LVH, i.e. as mRNA
fold change value (FC).1¢ Statistical significance was set at
p < 0.05. The Figure was performed using Microsoft Of-
fice Excel 2007 (Microsoft Co.).

Results

Road cyclists characteristics are shown in Table 1.
Echocardiography measurements indicated that 14 male
athletes (the LVH group) left ventricular hypertrophy
was diagnosed. No symptoms of cardiovascular compli-
cations were observed in the athletes with and without
LVH (Table 1).

We did not find any differences in age, body mass, body
mass index, and body surface area as well as the percent-
age of body fat between athletes without and with LVH
(Table 1). The training status of the non-LVH and LVH
subjects are expressed as maximal oxygen consumption
and aerobic power peak and are presented in Table 1. No
significant difference was observed in VOamax between
non-LVH and LVH individuals. However, peak aerobic
power was significantly higher in LVH than in non-LVH
subjects (Table 1). Regardless of anthropometric charac-
teristics, significant differences in echocardiographic pa-
rameters were observed between our cyclists.

The results of the echocardiography examinations of
the athletes (e.g. left ventricular mass index, intraven-
tricular septum thickness during diastole, left ventricu-
lar posterior wall thickness) and function (stroke volume)
were significantly higher compared to normal heart di-
mensions clearly indicating adaptive heart hypertrophy
in the LVH group (Table 1).

Resting heart rate (HR) was significantly lower in the
LVH group compared to the non-LVH participants. Sys-
tolic blood pressure did not differ between the groups;
however, diastolic blood pressure was significantly lower
in LVH subjects. No significant difference was observed
regarding blood morphology variables (Table 1). Maxi-
mal oxygen uptake (VOamax) was similar for all subjects;
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however, LVH athletes demonstrated significantly higher
power output compared to non-LVH athletes.

The most interesting finding was that the gene expres-
sion related to cardiac hypertrophy was regulated differ-
ently before exercise and/or post exercise and during recov-
ery. The analysis of global gene expression at rest, maximal
exercise intensity and after 15 min of recovery revealed that
14 of the 37 genes’, associated with cardiac hypertrophy,
profile had changed in at least one period of the exercise
test. It is interesting to note that there were significant
differences only in the Myosin Light chain 9 (MYL9) and
Interleukin 6 Signal Transducer (/L6ST) gene expression
when comparing the cyclists with LVH and non-LVH in
Tmax (FC > 1.1; p < 0.05; Fig. 1). The statistically significant
differences for MYL9 were observed in Tmax and Tsin LVH
cyclists when compared to non-LVH and up-regulated FC
values were 1.56 and 1.4, respectively (p < 0.03). IL6ST was
down-regulated in all phases of the experiment and signifi-
cant decreased expression only at maximal exercise inten-
sity (Tmax) of the LVH compared to non-LVH subjects was
found (FC = -1.17; p = 0.03; Fig. 1). We did not find any
significant differences in the expression of other cardiac
hypertrophy-related genes in LVH cyclists, either at rest or
in response to physical exercise.

Discussion

Among the twenty-eight cyclists examined two groups
were selected, non-LVH (< 115 g/m?) and LVH (> 115 g/
m?) based on LVMI, where characteristics differed con-
cerning physical capacity, and the function of the left
ventricular as well as diastolic pressure and heart rate
(Table 1). It is well established in sport physiology that
endurance training may improve exercise capacity and
cardiac function at rest and during exercise.>” Echocar-
diographic examinations of all cyclists showed that LVH
subjects had an increase in LVMI (p < 0.001), as well as,
higher LVPWT (p < 0.05) and IVSDD (p < 0.05). Similar
differences were observed in the mass of the left ventricu-
lar in other endurance athletes.!® This is contrary to an
Israeli study where cyclists were found to have lower val-
ues of LVEDD, even in non-LVH, and 5% of those exam-
ined were similar to the LVH group in our study.” Cardi-
ac function at rest, as determined by higher SV and lower
resting HR, revealed better left ventricular adaptation to
endurance training (Table 1). The cyclists did not par-
ticipate in the echocardiographic study before beginning
their sporting activity. Therefore, we can only speculate
about the possible impact of endurance training on the
cardiac structure and function. The cardiovascular ef-
fects of endurance training include decreased heart rate,
increased stroke volume of the heart and increased car-
diac output as well as total mitochondrial volume in
the slow twitch muscle fibers. All these factors have been
shown to have beneficial effects on higher efficiency in
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Table 1. Characteristic variables of the examined cyclists measured before
exercise test

non-LVH LVH

Variables

Age [years] 251+88 26.2+69 ns
Body mass [kg] 720+ 69 720+ 71 ns
BMI [kg/m?] 227422 224 +19 ns
BSA [m?] 19401 194011 ns
PBF [%] 122+35 111£34 ns
HR [bpm] 62.0+13.0 59.0£9.0 0.05
SBP [mm Hg] 123.2+£18.3 1246 +£13.6 ns
DBP [mm Hg] 814 £11.7 775+ 10.8 0.05
LVMI [g/m?] 1021 £ 164 158.0 £ 25.6 0.000
LVEDD [mm] 493 £5.7 539%40 0.002
IVSDD [mm] 100+ 1.7 121 £0.6 0.05
LVPWT [mm] 9014 110+ 1.1 0.01
LVEF [%] 603 +53 61.0£4.2 ns
SV [mL] 872+125 944 +£18.8 0.000
RBC [10'#/L] 51+£01 52+02 ns
HGB [g/dL] 155+26 158+ 19 ns
WBC [10%/L] 6.6£ 1.1 6.5+08 ns
VOsmax [ML/kg/min] 61.5+79 62.7 £55 ns
Prmax [Watt] 3720+534 400.0 £120.0 0.05

BMI - body mass index; BSA — body surface area; PBF — percent of body
fat; HR — heart rate; bpm — beats per min; SBP — systolic blood pressure;
DBP - diastolic blood pressure; LVYMI - left ventricular mass index; IVSDD —
intraventricular septum diameter during diastole; LVPWT - left ventricular
posterior wall thickness during diastole; LVEF — left ventricular ejection
fraction; SV - stroke volume; RBC - red blood cells; HGB — hemoglobin;
WBC - white blood cells; VO,max — maximal oxygen consumption; Pmax —
peak aerobic power (maximal power); results were expressed as mean +
standard deviation; p - significant differences between non-LVH and LVH
subjects p < 0.05; ns — no significant differences between non-LVH and
LVH subjects p > 0.05.

oxygen transport and distribution. In cardiovascular ad-
aptation maximal aerobic efficacy increases by 75—-80% in
well-trained endurance athletes. However, LVH athletes
demonstrated significantly higher P,,.x compared to non-
LVH athletes, we did not observe significant differences
in VO,max between LVH and non-LVH athletes. This
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Fig. 1. Expression profiles of MYL9 and IL6ST in consecutive phases of the
experiment (Trest, Tmax, Tis); the mean values (n = 3) for cyclists with left
ventricular hypertrophy (LVH) and without left ventricular hypertrophy
(non-LVH)
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finding seems to confirm the hypothesis that aerobic
performance depends on changes in the hemodynamics
of the circulation system and cardiac remodeling. It has
been concluded on the basis of echocardiographic param-
eters that the response of elite Polish road cyclists, with
a similar length of training, age, body mass index, body
surface area, maximal oxygen consumption and blood
morphology, to regular training is not uniform. Our re-
sults demonstrated adaptive hypertrophy in the LVH
subjects and normal cardiac dimensions when compared
to the non-LVH group; no impairment of cardiac func-
tion was observed.* Cardiac remodeling is more intensive
in cyclists than other athletes, and presents a supernor-
mal pattern of LV diastolic function in relation to non-
athletes.?® Physiological hypertrophy is caused by a pro-
portional increase in myocardium cell length and width.
Greater body size is associated with a larger heart. In ad-
dition to LV mass, LV volumes at end-diastole and the re-
sultant stroke volume are larger in males. In athletes who
participated in endurance training (e.g. cycling), both he-
modynamic overload of the heart and high left ventricle
wall tension of the heart may lead to eccentric ventricu-
lar hypertrophy. Additionally, the type and intensity of
the training, as well as age, influence the cardiovascular
adaptation and can augment the differences in structure
and function of an athlete’s heart. A high prevalence of
heart hypertrophy was documented in male athletes and
was related to their body surface, type, and intensity of
training.>”'%20 The relationship between the LVDD and
LVMI and age, time and training intensity depend on the
sport discipline and individuality of athletes. Therefore,
in order to rule out the effect of somatic parameters on
metabolic variables, athletes who participated in our
study had comparable baseline body weight and body

1003

surface. Moreover, the training status and regime was
the same. Since the athletes’ somatic characteristics and
training status did not differ, we might hypothesize that
the results of our study most likely reflect the exercise-in-
duced expression of genes related to cardiac hypertrophy
in the circulating blood.

Significant changes in the T,,,x were observed regard-
ing MYL9 and IL6ST. Both genes play a crucial role in
the physiology and pathology of the cardiovascular sys-
tem.!%2! Differential gene expression profiles in response
to exercise clearly indicate that not only exercise-related
but also post-exercise transcriptional changes may be of
importance in adaptive cardiac hypertrophy. This find-
ing is in agreement with those of Gielen et al.?, who found
that molecular regulation in response to endurance exer-
cise differed in athletes with heart hypertrophy, and that
these differences might result in greater improvement in
cardiac function.

To our knowledge, this is the first analysis of the ex-
pression of genes related to cardiac hypertrophy in cy-
clists, and this could help differentiate between athletes
with and without this condition based on their peripheral
blood. The up-regulation of MYL9 observed in the leuko-
cytes of LVH athletes may suggest that exercise training
has a beneficial effect on contractile protein content and/
or the stimulation of contractile protein isoforms. MYL9
(MLC2, MRLC1, MYRL2) is a gene encoding a muscle
and actin-dependent protein called myosin regulatory
light polypeptide 9.222% MYL9 expression was observed in
the vascular tissue after injuries, depending on the age of
rats used as specimens; upregulation of this gene was as-
sociated with increased vascular permeability.?! The re-
sults of in vivo and in vitro experiments on the potential
signaling pathways that might regulate cardiac related
genes during growth and hypertrophy are not unambigu-
ous.?*26 Differential regulation of transcripts involved in
inflammatory response, signal transduction, energy me-
tabolism and mitochondrial function differentiate mal-
adaptive from adaptive cardiac hypertrophy.!*?> Addi-
tionally, our findings confirm the difference between the
expression profile of /L6ST in LVH and non-LVH cyclists
in Tmax (Fig. 1). IL6ST encodes a transmembrane protein
of the interleukin-6 signal transducer known as glycopro-
tein 130 (gp130; also referred to as IL6-p or CD130).26:%
Physiologically, this protein serves as a cardioprotective
molecule against physiological stress and cardiomyocyte
damage; it causes compensatory heart hypertrophy and
maintains cardiac function. The study of gp130 knockout
mice indicates that gp130 might play a key role in the reg-
ulation of cardiac myocyte apoptosis and in cardiomyop-
athy progression.?¢ It has also been suggested that IL6ST
plays a role in the growth and survival of neonatal rat
ventricular cardiomyocytes.?®% By stimulating the secre-
tion of circulating IL-6 and, consequently, IL6ST, physi-
cal exercise has an anti-inflammatory effect.>*The detec-
tion of IL6ST in the peripheral blood of athletes suggests
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that the gene takes part in the body’s defense against the
effects of extreme physical effort.

The physiological role of genes estimated for exercise ca-
pacity of athletes and their effect on cardiac hypertrophy
is not yet known. Both genes in both groups show a similar
trend, although their levels in the LVH are different. An in-
creased level of MYL9 may explain the better performance
of the cyclists with LVH (higher Pmax), while the decreased
level of IL6ST probably provides good adaptation to physi-
cal effort and a good prognosis in terms of hypertrophy.
Expression of these genes might have a protective effect
on the heart and are more characteristic in the circulating
blood during maximum intensities of exercise.

The limitations of this study were its small group of
tested cyclists and the high cost of microarrays. However,
the conclusion remains valid due to the need for medical
care for endurance-trained athletes, who are an increas-
ing part of the patient population. Heart monitoring is
obligatory in the prevention of the sudden death of in-
tensively trained athletes. Searching for detecting marker
genes or monitoring cardiac hypertrophy can contribute
to reducing the costs of medical care. Despite the limita-
tions in the number of athletes surveyed, studies show the
importance of this medical problem (heart remodeling in
response to long-term exercise training and differences
in the gene expression of circulating blood in response to
effort) and a possible way for it to be observed.

Intense cycling can lead to eccentric hypertrophy (LV)
with differences in heart structure and function. Our
studies indicate the benefits of echocardiography mea-
surements for cyclists. Additionally, we speculate that
MYL9 and IL6ST may act as important peripheral regula-
tors of myocardial morphology and function. They can
show progression in the left ventricular hypertrophy for
trained athletes with similar anthropometric parameters;
further multicenter studies are needed to confirm these
findings.
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