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Abstract

Background: The Trp64Arg polymorphism in the §,-adrenergic receptor (8,-AR) gene was extensively studied concerning
the relationship with cardiovascular (CV) diseases, but few studies addressed this issue in athletes.

Aim: To examine the relationship between the Trp64Arg polymorphism in the ,-AR gene and several CV functions such as
cardiac structure and function or blood biochemical parameters in Korean male controls and athletes.

Methods: We recruited a total of 114 study subjects, including 81 male athletes (8 long distance runners, 17 soccer,
8 baseball, 10 basketball, 8 volleyball, 8 ice hockey, 8 judo, 6 tackwondo and 8 gymnastics) and 33 controls. Two dimension-
al echocardiography was performed in order to assess the cardiac structure and function and blood biochemical parameters
were measured. Genotyping of Trp64Arg polymorphism in the 8.-AR gene was also performed by the SNaPshot method.

Results: The genotype and allele distribution of Trp64Arg polymorphism in the B,-AR gene were significantly different
among each sporting discipline, showing the highest Arg allele frequency in volleyball and gymnastics (p < 0.05). Also, this
polymorphism was significantly associated with serum HDL-cholesterol and glucose level in athletes only (p < 0.05).
Conclusions: Our data showed the significant associations between the Trp64Arg polymorphism in the 8,-AR gene and
some CV parameters such as serum HDL-cholesterol and glucose levels in athletes. However, further studies of the precise
mechanism behind these associations are needed.
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INTRODUCTION

It is well known that multifactorial traits, such as physical fit-
ness or physical performance, are determined by the compli-
cated interaction between various genetic and environmental
factors. With the advance in molecular biology, many investi-
gators have attempted to investigate the genetic cause that in-

fluences such multifactorial traits, however the responsible gene
has not been yet defined [1]. So far, among the candidate ge-
nes presumed influential in physical fitness or performance,
the angiotensin | converting enzyme (ACE) gene has been most
widely studied. However, the results are conflicting, and thus
other candidates are needed to be studied [2].
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Table 1. Demographic characteristics of study subjects

Athletes (n = 81)

Variables Controls (n = 33)
Age [year] 222+19
Height [cm] 181.0+4.8
Weight [kg] 73.6 9.2
BMI [kg/m?] 22422

21.3+1.2
179.2 £ 8.5
73.4=10.5
22827

*p < 0.05; BMI — body mass index

Physical fitness or performance is closely associated with
cardiovascular (CV) function and energy metabolism. A cer-
tain gene encodes the -adrenergic receptor (AR), which has
emerged as a candidate that influences the physical perfor-
mance [3]. The 8-AR is linked to G-protein that uses catecho-
lamines, such as epinephrine or norepinephrine, as ligand,
and it is known that it has subtypes such as the 8,-AR, the j3,-
AR and the 3,-AR [4]. In particular, the 8,-AR is distributed in
brown adipose tissue and white adipose tissue. When it is
stimulated by catecholamines, ligand, it activates the liked
G, -protein, by which adenylyl cyclase is activated and cyclic
adenosine monophosphate, the second messenger, is incre-
ased and lipolysis and thermogenesis are promoted. Accor-
dingly, it can increase basal metabolic rate and regulate the
body temperature [5]. And it is known that $,-AR in cardiac
tissue controls cardiac contractility by lowering ventricular
contractility and enhancing atrial contractility [6-8].

As stated above, given the fact that the 8,-AR are known
to control not only the energy of metabolism, but also car-
diac function, the gene that encodes this receptor is presu-
med to be a candidate that has the possibility to exert influ-
ence on physical performance and CV problems that occur
in athletes. So far, there have been very few studies exami-
ning the distribution of B.-AR gene polymorphism in athletes
or the influence of B,-AR gene polymorphism on the CV func-
tions of athletes [9, 10]. This study aimed to examine the di-
stribution of Trp64Arg polymorphism in the $,-AR gene in
athletes involved in various sport disciplines, and to ascertain
whether this genetic polymorphism has a significant effect
not merely on cardiac structure and function, but on the va-
riables related to the CV function such as serum biochemical
parameters.

METHODS

Study group

The study subjects included 81 athletes (8 long-distance run-
ners, 17 soccer players, 8 baseball players, 10 basketball play-
ers, 8 volleyball players, 8 ice hockey players, 8 judo players,
6 taekwondo players, and 8 gymnasts) and 33 healthy con-
trol subjects (control group), 114 in all. All of them were in
their late teens or early 20s, and were healthy males. Also, all
athletes have the exercise carrier over at least 6 years as well
as performing regular and specific training. Table 1 shows their

physical traits. Written informed consent was obtained from
all subjects, and this study was also approved by the institu-
tional review board.

Physical measurement

The anthropological parameters of subjects were measured
by use of IN-BODY 3.0 (Bio-Space Co., Ltd., Korea). Echo-
cardiographic parameters, such as aortic root, left ventricular
(LV) internal dimensions in end-diastole (LVIDD), LV internal
dimension in end-systole (LVIDS), LV mass (LVM), LV mass
index (LVMI), stroke volume (SV), resting heart rate (HR ),
cardiac output (CO) and percent of fractional shortening
(FS[%)), were measured by the use of M-mode echocardio-
graphy in accordance with the guideline of American Society
of Echocardiography.

Genotyping

Three to five mL of whole blood was collected from 114 sub-
jects, from which total genomic DNA was isolated. For the isola-
tion of total genomic DNA, Miniban Automatic Blood DNA Iso-
lation Kit (Bionex Co., Ltd. Korea) was used. By the use of the
total genomic DNA isolated in that manner, Trp64Arg polymor-
phism of ,-AR gene was analysed by the SNaPshot method.

Blood biochemical profiles

Blood samples were placed into the serum-isolating tubes.
In the case of serum total cholesterol (TC), triglyceride, high
density lipoprotein-cholesterol (HDL-C) concentrations were
measured using enzyme treatment, colorimetry and ADVIA
1650 Autoanalyser. The concentration of serum low densi-
ty lipoprotein-cholesterol (LDL-C) was calculated by use of
the equation presented by Friedewald etal. (1972) [11]. The
concentration of plasma glucose was determined by the use
of enzyme treatment, colorimetry and Hitachi 7180 Auto-
analyser.

Statistical analysis

The %2 test was used to examine whether there are any signi-
ficant intergroup or inter-sport differences between the fre-
quencies of alleles and genotypes that form the Trp64Arg po-
lymorphism of 8,-AR gene, and whether the frequency of ob-
served genotypes coincides with that expected by Hardy-
Weinberg equilibrium.
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Table 2. Distribution of the Trp64Arg polymorphism in the ,-AR gene

Controls

Genotype

Trp/Trp 25(75.8%)

Trp/Arg 8(24.2%)

Arg/Arg 0(0.0%)

Total 33(100.0%)
Allele

Trp 58 (87.9%)

Arg 8(12.1%)

Total 66 (100.0%)

42 = 0.5356,df = 2, p = 0.7651

=0.0151,df = 1, p = 0.9021

Athletes

65 (80.2%)
5(18.5%)
1(1.2%)
81(100.0%)

145 (89.5%)
17 (10.5%)
162 (100.0%)

Table 3. Distribution of the Trp64Arg polymorphism in the 5,-AR gene by sporting disciplines

Disciplines Genotype No. (%) Allele No. (%)
Trp/Arg Arg/Arg Trp Arg
Runner 8 7(87.5) 1(12.5) 0(0.0) 5(93.7) 1(6.3)
Soccer 17 14(82.4) 3(17.6) 0(0.0) 1(91.2) 3(8.8)
Baseball 8 7(87.5) 1(12.5) 0(0.0) 15(93.7) 1(6.3)
Basketball 10 9(90.0) 1(10.0) 0(0.0) 9(95.0) 1(5.0)
Volleyball 8 4(50.0) 3(37.5) 1(12.5) 1(68.7) 5(31.3)
Ice hockey 8 8(100.0) 0(0.0) 0(0.0) 16(100.0) 0(0.0)
Judo 8 8(100.0) 0(0.0) 0(0.0) 16(100.0) 0(0.0)
Taekwondo 6 5(83.3) 1(16.7) 0(0.0) 1(91.7) 1(8.3)
Gymnastics 8 3(37.5) 5(62.5) 0(0.0) 11(68.7) 5(31.3)
Athletes 81 65 (80.2) 15(18.5) 1(1.2) 145 (89.5) 17(10.5)
Controls 33 25(75.8) 8(24.2) 0(0.0) 58(87.9) 8(12.1)
Total 114 90(78.9) 23(20.2) 1(0.9) 203 (89.0) 25(11.0)
Ve 29.9860 19.2214
df 9
p 0.0375 0.0234

In order to asses whether three genotypes, which form
the Trp64Arg polymorphism of 3,-AR gene, are significantly
associated with echocardiographic data and serum biochemi-
cal parameters, subjects having Arg/Arg genotype or Trp/Arg
genotype were compared with ones having Trp/Trp genoty-
pe in that Arg/Arg genotype indicated the lowest frequency
among the three genotypes, and then the unpaired-t test was
applied. A p value < 0.05 was significant. The SPSSWIN Pro-
gram (version 17.0) was applied to statistical analysis.

RESULTS

Trp/Arg polymorphism in the 8,-AR gene

The distribution of genotypes, which form the Trp64Arg po-
lymorphism of 8,-AR gene is shown in Table 2. The control group

(x> = 0.0160, df = 1, p = 0.8983), the athletic group (> =
0.1260, df = 1, p = 0.7222) and all the subjects (x> = 0.0740,
df =1, p = 0.7863) met Hardy-Weinberg equilibrium criteria,
however there were no significant differences in relation to ge-
notypic frequency (x> = 0.5356, df = 2, p = 0.7651) and
allelic frequency (x> = 0.0151, df = 1, p = 0.9021), respecti-
vely. Table 3 shows the frequency of genotypes, which form
the Trp64Arg polymorphism of ,-AR gene, and the distribu-
tion of allelic frequency in each sport. This genetic polymor-
phism showed significant differences in relation to genotypic
frequency (y* = 29.9860, df = 18, p = 0.0375) and allelic
frequency (x> = 19.2214, df = 9, p = 0.0234) each. In volley-
ball players and gymnasts, the Arg allele showed the highest
frequency among sporting disciplines studied.
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Table 4. Association between Trp64Arg polymorphism in the ,-AR gene and cardiovascular parameters and functions in controls

Variables Trp/Trp (n = 25)
Age [year] 22119
Height [cm] 180.5+4.7
Weight [kg] 73.1+7.9
BMI [kg/m?] 22420
AR [cm] 29+0.2
LVIDD [cm] 52=*03
LVIDS [cm] 33=03
LVM [g] 209.5 +40.0
LVMI 108.5 + 18.1
SV [mL] 87.8+12.6
HR _ [beat/min] 66.0+11.2
CO [mL/min] 5789.9 + 1263.4
FS [%] 37.2*33
TC[mg/dL] 161.2 = 65.1
TG [mg/dL] 147.1 = 200.5
LDL-C [mg/dL] 86.0 425
HDL-C [mg/dL] 458 £ 8.4
Glucose [mg/dL] 86.0+10.8

Trp/Arg (n = 8) t
226+23 0.683
182.6 5.2 1.042
75.1+13.0 0.533
22430 0.011

29+0.2 0.242
51+04 -1.067
31+03 -1.320
2243 +123.0 0334
112.0 +48.5 0.309
84.5+15.5 -0.602
69.1 =14.8 0.628

5798.0 = 1430.9 0.015
38.5+3.7 0.974
155.0 = 20.7 -0.263
70.0 +£32.8 -1.071
94.6 =16.2 0.554
46.4+9.4 0.175
84.0+12.8 -0.438

The results are presented as a mean =+ standard deviation; BMI — body mass index; AR — aortic root; LVIDD — left ventricular internal dimensions in
end-diastole; LVIDS — left ventricular internal dimension in end-systole; LVM — left ventricular mass; LVMI — left ventricular mass index; SV — stroke

volume; HR
lipoprotein cholesterol; HDL-C — high density lipoprotein cholesterol

Clinical effects of Trp64Arg polymorphism

in the B -AR gene

Subjects having Arg/Arg or Trp/Arg genotype were compared
with ones having Trp/Trp genotype. The control group (Table
4) did not show any significant association in relation to any
echocardiographic data and serum biochemical parameters.
On the other hand, in the athletic group significant differen-
ces in the serum HDL-C level and the plasma glucose level
occurred; particularly in athletes having Trp/Trp genotype,
the serum HDL-C level was significantly lower (t = 2.313,
p = 0.023) as compared to the athletes having other geno-
types, but the plasma glucose level was significantly higher
(t =-2.439, p = 0.017) (Table 5).

DISCUSSION
The Trp64Arg polymorphism of 3,-AR genes has been mo-
stly analysed by use of polymerase chain reaction (PCR) and
restriction fragment length polymorphism (RFLP) [12] howe-
ver, in our study, the SNaPshot method was used to analyse
this genetic polymorphism. The use of the SNaPshot method
has been gradually increasing, for it is more convenient to
determine genotypes as compared with the PCR-RFLP me-
thod [13].

The frequency of genotypes was in our study within the
significant range of Hardy-Weinberg equilibrium, and was not

— resting heart rate; CO — cardiac output; FS — fractional shortening; TC — total cholesterol; TG — triglicerydes; LDL-C — low density

much different from previous studies intended for Koreans
[9]. Thus, they are representative for Koreans and there was
no selection bias in our report.

Our study showed that there was no significant differen-
ce in genotypic and allelic frequencies between athletes and
controls. However, statistically significant differences were ob-
served in genotypic and allelic frequencies related to this ge-
netic polymorphism in different types of sport activities. Espe-
cially in volleyball players (31.3%) and gymnasts (31.3%), the
Arg allele showed the highest frequency.

There have been only few reports where genotypic and
allelic frequencies were analysed in relation to the Trp64Arg
polymorphism of 8,-AR gene in athletes of different sports.
Lim et al. [9], examined the genotypic and allelic frequencies
of this genetic polymorphism in Korean rugby players, ba-
sketball players, soccer players, handball players, filed hoc-
key players, volleyball players, badminton players, gymnasts
and taekwondo players, and reported that the Arg allele was
the most frequent in volleyball players (38%) and basketball
players (35%). Likewise, Santiago et al. [10], examined the
genotypic and allelic frequencies of this genetic polymorphism
in Spanish athletes of sports that need endurance or muscu-
lar power, and reported that the Arg allele was the most fre-
quent in athletes that need endurance such as long-distance
runners and cyclists. Ethic differences may play a role, howe-
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Table 5. Association between Trp64Arg polymorphism in the 8,-AR gene and cardiovascular parameters and functions in athletes

Trp/Arg + Arg/Arg (n = 16)

Variables Trp/Trp (n = 65)
Age [year] 21313
Height [cm] 178.8+7.9
Weight [kg] 73.6 £10.9
BMI [kg/m?] 23.0+29
AR [cm] 3.0+x03
LVIDD [cm] 5504
LVIDS [cm] 35=04
LVM [g] 231.2 =446
LVMI 120.5+18.4
SV [mL] 108.7 = 24.1
HR ., [beat/min] 58.8+10.0
CO [mL/min] 6418.8 = 1901.1
FS [%] 36.2+3.2
TC[mg/dL] 157.4 +=24.9
TG [mg/dL] 94.2 = 48.7
LDL-C [mg/dL] 87.8+19.6
HDL-C [mg/dL] 50.8 +9.8
Glucose [mg/dL] 89.4+11.0

21311 -0.215
180.8 =10.5 0.716
72.6 9.1 -0.399
222 =15 -1.139
3.0+03 -0.254
54x03 -0.908
34+03 -1.502
217.0 = 36.1 -1.177
112.8x14.2 -1.563
111.7£26.6 0.432
59.2 £ 8.1 0.138
6660.9 = 1965.7 0.453
37.8 3.7 1.778
153.6 £22.9 -0.590
80.6 = 30.3 -1.065
80.0+17.2 -1.568
574122 2.313*
81.9+10.8 -2.439*

*p < 0.05; the results are presented as a mean = standard deviation; abbreviation as in Table 4

ver the results of this study were consistent with those of Lim
etal. [9], in that the Arg allele indicated the highest frequency
in volleyball players.

It has been suggested that genetic variation, which oc-
curs in the gene that encodes this receptor, has the possibility
to exert significant effects on cardiac structure and function.
The ,-AR, expressed in brown adipose tissue or white adi-
pose tissue, controls energy metabolism and this receptor,
expressed in the heart, may control cardiac contraction. Ho-
wever, only a few studies addressed this issue and were mo-
stly focused on the structural and functional changes of the
heart caused by hypertensive complications [14, 15]. For
example, Liljedahl et al. [14], analysed 74 genetic polymor-
phisms in 25 candidate genes in order to asses whether gene-
tic factors were involved in LVM changed by the injection of
antihypertensive drugs. They reported that the Trp64Arg po-
lymorphism of 3,-AR gene did not exert significant effects. In
addition, Yuan et al. [15], analysed how the polymorphisms
of genes, which encode three kinds of 8-ARs including the
B.,-AR, would affect the cardiac structure and function in hy-
pertensive patients. They reported that Glu27Aln polymor-
phism in the 3,-AR gene was significantly associated with LV
hypertrophy and LVMI, but found no significant association
between the Trp64Arg polymorphism of 8,-AR gene and
changes in cardiac structure or function.

Also in this study, it was found that in both athletic
group and control group, the genotypes, which form the

Trp64Arg polymorphism of 8.-AR gene, did not exert sig-
nificant effects on any echocardiographic data related to
cardiac structure and function. Altogether, it seems that
the Trp64Arg polymorphism of 5,-AR gene is not a useful
genetic marker that exerts significant effects on cardiac
structure and function, irrespective of pathological or phy-
siological changes.

In our study, the Trp64Arg polymorphism of 3,-AR gene
was significantly associated with serum HDL-C level and pla-
sma glucose level of athletes. To date, several results have
been reported on this topic. Stang| et al. [16] analysed this
genetic polymorphism in patients with coronary artery dise-
ases and a control group composed of Germans. They repor-
ted that serum TC level was lower in the Arg/Arg genotype
than in the Trp/Arg genotype. Okumura etal. [17] and Tsuza-
ki et al. [18] reported that this genetic polymorphism was si-
gnificantly associated with serum LDL particle size of Japane-
se. In their studies, serum LDL particles got smaller in the
order of Trp/Trp, Trp/Arg and Arg/Arg, and they suggested
insulin resistance as the cause. Indeed, it is known that small
LDL particles in blood and insulin resistance raise the risk of
CV diseases. In some studies, the Arg allele was compared
with the Trp allele, which forms the Trp64Arg polymorphism
of B,-AR gene. Although these studies did not show consi-
stent results [19], in many reports the effects of the Arg allele
was more significant in non-insulin-dependent diabetes mel-
litus and insulin resistance [20-30].
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Unlike international studies that have reported that the
Arg allele is significantly associated with metabolic abnorma-
lity, such as obesity or insulin resistance, in our study serum
HDL-C level and plasma glucose level were lower in athletes
having the Arg allele. The precise reason for this relationship
is unclear, but besides the possibility of chance effect caused
by modest sample size, presumably athletes’ serum lipid pro-
files or insulin sensitivity are favourable thanks to regular and
intensive exercise and thus they may overcome the mild in-
fluence of the Arg allele. Other possibility might be that these
associations occur by linkage disequilibrium with close allele
influencing some metabolic parameters. However, the preci-
se mechanism for this remains unclear, and consequently
further studies should be performed to clarify the precise
mechanism behind our data.

This study has some limitations. Firstly, this is a cross-
-sectional study, and thus, a longitudinal study may be ne-
eded to clarify precisely the relationship between the Trp64Arg
polymorphism in the ,-AR gene and CV function in our stu-
dy group. Secondly, this study has a low statistical power in
detecting the statistical significance because of the modest
sample size. Therefore, further studies using larger sample size
are required.
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Streszczenie

Wstep: Zwigzek polimorfizmu Trp®“Arg genu receptora ,-adrenergicznego z chorobami ukfadu sercowo-naczyniowego
zostat doktadnie zbadany, ale nie ma zbyt wielu danych na temat jego wptywu na czynnosc¢ tego uktadu u sportowcow.

Cel: Celem niniejszej pracy byto wyjasnienie zaleznosci miedzy polimorfizmem Trp®Arg genu receptora 3,-adrenergicznego
a ré6znymi parametrami budowy i czynnosci serca oraz parametrami biochemicznymi krwi u koreanskich sportowcéw ptci
meskiej w poréwnaniu z grupa kontrolna.

Metody: Do badania wigczono ogétem 114 mezczyzn, w tym 81 sportowcow (8 biegaczy diugodystansowych, 17 pitkarzy
noznych, 8 baseballistow, 10 koszykarzy, 8 siatkarzy, 8 hokeistow, 8 judokéw, 6 zawodnikéw uprawiajacych taekwondo
i 8 gimnastykow) oraz 33 osoby z grupy kontrolnej. W celu oceny budowy i czynnosci serca wykonano 2-wymiarowe badanie
echokardiograficzne, a parametry biochemiczne krwi oceniono za pomoca autoanalizatora. Genotyp polimorfizmu Trp®*Arg
genu receptora f3,-adrenergicznego okreslono metoda SNaPshot.

Wyniki: Genotyp i rozkfad alleli polimorfizmu Trp®*Arg genu receptora f3,-adrenergicznego réznity sie istotnie miedzy
zawodnikami z réznych dyscyplin, a najwieksza czestos¢ wystepowania allelu Arg stwierdzono u siatkarzy i gimnastykow
(p < 0,05). Stwierdzono réwniez, ze tylko u sportowcéw polimorfizm ten wykazywat istotny zwiazek ze stezeniem choleste-
rolu frakcji HDL w surowicy i stezeniem glukozy we krwi (p < 0,05).

Whioski: Mimo Ze uzyskane przez autoréw dane $wiadczg o istotnym zwiazku miedzy polimorfizmem Trp®Arg genu recep-
tora f8,-adrenergicznego a niektorymi parametrami wplywajacymi na uktad sercowo-naczyniowy u sportowcéw, takimi jak
stezenie cholesterolu frakcji HDL w surowicy i stezenie glukozy we krwi, nalezy przeprowadzi¢ kolejne badania w celu
doktadnego wyjasnienia mechanizméw bedacych podfozem tych zaleznosci.

Stowa kluczowe: sportowcy, receptor ,-adrenergiczny, polimorfizm
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