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Abstract a1A-adrenergic receptor (a1A-AR) regulates

the cardiac and peripheral vascular system through

sympathetic activation, and a2A-AR and a2C-AR sub-

types are essential for presynaptic feedback regulation

of catecholamine release from the central and periph-

eral sympathetic nerve. Genetic variations in each

human a-AR subtype gene have been identified and

have been implicated in hypertension and cardiovas-

cular disease. It is not yet clear whether these genetic

variations actually have an effect on sympatho-vagal

modulation. The aim of the present study was to

evaluate the relation between the five representative

genetic polymorphisms of a-AR subtypes (Arg347Cys

of a1A-AR; C-1291G, Asn251Lys, and DraI RFLP of

a2A-AR; and Del322–325 of a2C-AR) and autonomic

nervous system (ANS) function in young and healthy

Japanese males. One hundred forty-nine subjects were

genotyped for each a-AR polymorphism, and under-

went evaluation of ANS function by power spectral

analysis of heart rate variability (HRV) during supine

rest and in a standing position. In a supine position, the

a1A-AR 347Cys allele was significantly associated with

lower HRV sympathetic index (normalized low fre-

quency power [LF(%)] and LF:HF ratio) and higher

HRV parasympathetic index [HF(%)]. Meanwhile,

subjects with the a2C-AR Del322–325 allele had

markedly higher LF(%) and LF:HF ratio and lower

HF(%) than noncarriers. Thus, the a1A-AR and a2C-

AR genetic variations influence sympatho-vagal bal-

ance even in young and healthy normotensive states,

which could be postulated to constitute an intermedi-

ate phenotype for future pathological episodes of var-

ious ANS dysfunction-related diseases.
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Introduction

a1- and a2-adrenergic receptors (a1A-, a1B-, a1D-, a2A-,

a2B-, and a2C-AR) classically couple with a particular

class of G proteins and mediate actions in the sympa-

thetic nervous system. Among three subtypes of a1-

ARs, the a1A-AR is the predominant subtype in both

the heart and vasculature and is a major contributor

involved in the sympathetic regulation of blood pres-

sure and peripheral vascular resistance (Guimaraes

and Moura 2001; Tanoue et al. 2002). Meanwhile,

a2-ARs are important regulators of sympathetic tone,
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neurotransmitter release, blood pressure, and lipolysis

in fat tissue (Lafontan and Berlan 1995; Philipp et al.

2002). They are widely expressed in the human central

and peripheral nervous systems, and a2A- and a2C-AR

are presynaptic receptor subtypes that contribute to

feedback control of norepinephrine release from sym-

pathetic nerves (Brede et al. 2002, 2003; Philipp et al.

2002).

The physiological and therapeutic responsiveness of

a1- and a2-AR to agonists or antagonists exhibits in-

terindividual variability (Dao et al. 1998; Eichler et al.

1989; Masuki et al. 2006), which suggests a relation to

genetic variations in these receptors. The human a1A-,

a2A-, and a2C-AR genes (ADRA1A, ADRA2A,

ADRA2C) are located on chromosomes 8p21, 10q24–

q26, and 4p16, respectively. Genetic polymorphisms

have been identified for each a-AR subtype. One of

the ADRA1A polymorphisms, the Arg347Cys (previ-

ously described as Arg492Cys) mutation, is located in

the carboxyl terminus of the receptor (Shibata et al.

1996). This variant has no apparent effect on the

functional properties in vitro (Shibata et al. 1996), and

an initial report found no association between the

Arg347Cys variant and hypertension (Xie et al. 1999).

However, recent studies showed that the 347Cys allele

was associated with relatively lower hypertension

prevalence in a Chinese population (Gu et al. 2006),

and its carriers had a significantly greater blood pres-

sure decrease with short-term irbesartan (angiotensin

II type I receptor antagonist) treatment in Chinese

hypertensive subjects (Jiang et al. 2005). These results

suggested that genetic variations in ADRA1A could

modulate cardiac or vascular sympathetic tone and

might contribute to the pathogenesis of hypertension

and cardiovascular disease.

Several polymorphisms have been described in the

5¢ untranslated region (5¢ UTR), coding region, and 3¢
UTR of ADRA2A (Belfer et al. 2005; Kurnik et al.

2006; Small et al. 2006). The a2A-AR Asn251Lys

polymorphism is located in the third cytoplasmic loop

of the receptor and confers enhanced agonist-pro-

moted Gi coupling (Small et al. 2000a). However, the

251Lys allele frequency was found to be relatively rare,

e.g., 0.4% in Caucasian and 5% in African Americans

(Small et al. 2003). DraI RFLP of 6.3- and 6.7-kb al-

leles has been found in the 3¢ UTR of ADRA2A and

has been reported to be associated with essential

hypertension (Lockette et al. 1995), increased cardio-

vascular reactivity, body fat distribution (Oppert et al.

1995), platelet aggregation (Freeman et al. 1995), and

glucose metabolism (Ukkola et al. 2000). The C-1291G

polymorphism is located in the promoter region of

ADRA2A. Previous studies have examined the asso-

ciations between this polymorphism and various path-

ological states including hypertension, obesity

phenotypes, and attention-deficit/hyperactivity disor-

der (Garenc et al. 2002; Rosmond et al. 2002; Wang

et al. 2006); however, studies are still in the develop-

ment stage.

A polymorphism consisting of the deletion of four

consecutive amino acids (at position 322–325) has been

identified in the a2C-AR. This variant receptor

(a2CDel322–325) is associated with decreased Gi-pro-

tein coupling and impairment in the subsequent sig-

naling pathway, which can enhance norepinephrine

release, as compared with the wild-type (WT) receptor

(Small et al. 2000b). Human studies have confirmed the

contribution of a2CDel322–325 to an increased cate-

cholamine release or catecholaminergic function

(Gerson et al. 2003; Neumeister et al. 2005). The

a2CDel322–325 polymorphism is associated with an

increased risk of heart failure in African Americans

(Small et al. 2002) and increased severity of heart

failure symptoms (Brede et al. 2002; Small et al. 2002).

The unanswered question is whether physiological

significance, especially cardiac sympathetic function,

can be attributed to these a-AR polymorphisms, rather

than to a pre-existing disease. We recently reported the

association between the a2B-AR insertion/deletion

polymorphism and autonomic nervous system (ANS)

function in young healthy subjects by power spectral

analysis of heart rate variability (HRV) (Suzuki et al.

2003; Yasuda et al. 2006).

For the same young and healthy study population,

we investigated in the present study the association

between the five representative a-AR polymorphisms

(Arg347Cys of a1A-AR; C-1291G, Asn251Lys, and

DraI RFLP of a2A-AR; and Del322–325 of a2C-AR)

and ANS function. ANS function was assessed by

analysis of HRV (Task Force of the European Society

of Cardiology and the North American Society of

Pacing and Electrophysiology 1996), which provides

useful information on cardiac autonomic modulation

(Akselrod et al. 1981; Pumprla et al. 2002) and is an

early and sensitive indicator of pathologic states of

hypertension or CVD (Liao et al. 1996, 1997). As de-

scribed in previous reports, power spectral analysis of

HRV has generally shown two major distinct regions of

periodicity in electrocardiogram (ECG) R–R intervals:

a high-frequency (HF) component (>0.15 Hz) and a

low-frequency (LF) component (<0.15 Hz). Previous

studies have showed that the HF component is medi-

ated solely by parasympathetic nervous system activity,

and that the LF component arises from both sympa-

thetic and parasympathetic nervous activities (Task

Force of the European Society of Cardiology and the
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North American Society of Pacing and Electrophysi-

ology 1996; Pumprla et al. 2002). In addition, the ratio

of LF to HF component has been considered as an

index of sympatho-vagal balance or sympathetic

activity (Task Force of the European Society of Car-

diology and the North American Society of Pacing and

Electrophysiology 1996; Piccirillo et al. 1996; Pumprla

et al. 2002).

Methods

Study population

One hundred forty-nine young healthy Japanese males,

recruited at random from Kyoto University, partici-

pated in each examination after written informed con-

sent was obtained. Of these, 93 were subjects in our

previous report (Suzuki et al. 2003), and 56 subjects

were newly recruited in the present study. The ages of

subjects ranged from 18–31 years (21.3±0.2, mean±

SEM). All subjects were normotensive (causal supine

BP<140/90 mmHg) and nonobese [body mass index

(BMI)<30 kg/m2]. It was determined by interview that

they were not taking any medication and had no history

of organic diseases such as CVD, metabolic disorder,

renal disease, or neuropathy. BMI, BP (systolic and

diastolic BP), and heart rate (supine rest/standing) were

measured as baseline characteristics, and family history

(including whether or not subjects had relatives within

the third degree who had hypertension, diabetes, or

were obese) were investigated through interviews. All

subjects underwent ECG recording and power spectral

analysis of HRV. However, HRV in the standing posi-

tion could not be determined for eight subjects.

The study protocol was reviewed by the appropriate

institutional review committee of Kyoto University

School of Medicine, and the guidelines of the Decla-

ration of Helsinki were followed.

Genotyping

Genomic DNA was extracted from whole blood (DNA

Extractor WB Kit, Wako, Osaka, Japan). Polymerase

chain reaction–restriction fragment length polymor-

phism (PCR-RFLP)-based techniques were applied to

genotype the study subjects for Arg347Cys polymor-

phism of a1A-AR; C-1291G, Asn251Lys polymor-

phisms, and DraI RLFP of a2A-AR; and a deletion

polymorphism (Del322–325) of a2C-AR, as previously

described (Garenc et al. 2002; Park et al. 2005; Shibata

et al. 1996; Small et al. 2000a, b). The genotype of the

a2C-AR Del322–325 polymorphism of one subject

could not be determined because of an inadequate

blood sample.

ECG R–R interval power spectral analysis

For details of the HRV analysis methodology, refer

to the reviews (Tastk Force 1996; Akselrod et al.

1981; Pumprla et al. 2002). Each subject was studied

in a quiet room with an ambient temperature of

25�C. They rested supine for at least 20 min before

ECG recording. The CM5 lead ECG was continu-

ously recorded during supine rest and postural

change to a standing position. After 10 min of supine

rest measurement, the subjects stood up by the bed-

side and remained at standing rest for another

10 min. During the test, the respiratory rate was

controlled at 0.25 Hz (15 breaths/min) by means of

an electric metronome to reduce significant variations

in HRV spectral powers resulting from individual

variability in breathing frequency and to avoid

interference with the LF component by the para-

sympathetic component (Brown et al. 1993).

The R–R interval power spectral analysis proce-

dures have been described previously (Matsunaga et al.

2005; Nishikino et al. 2006; Suzuki et al. 2003; Yasuda

et al. 2006). Briefly, the ECG R–R interval data ob-

tained from the CM5 lead were digitized at 1,000 Hz,

and the derived R–R interval time series were then

aligned in a 2-Hz sequence for power spectral analysis.

The DC component and linear trend were completely

eliminated by digital filtering for band-pass between

0.007 and 0.5 Hz. After passing through the Hamming-

type data window, power spectral analysis was per-

formed by means of a fast Fourier transform on the

consecutive 480-s time series of R–R interval data

obtained during the tests.

We evaluated very low frequency (VLF, 0.007–

0.035 Hz), low frequency (LF, 0.035–0.15 Hz), high

frequency (HF, 0.15–0.5 Hz), and total power (TP,

0.007–0.5 Hz) by integrating the spectrum for the

respective bandwidth. The LF and HF powers were

expressed in both absolute units (ms2) and in normal-

ized units (%); normalized LF or HF powers were

calculated as follows: LF(%)=(LF/TP–VLF)·100;

HF(%)=(HF/TP–VLF)·100. The ratio of LF to HF

(LF/HF) was also calculated. The average heart rate in

beats per minute in each position (supine rest and

standing) was derived from the R waves of the ECG.

Statistical analysis

Hardy–Weinberg equilibrium was verified by com-

parison of the observed and expected genotype
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frequencies using the v2 test. Following the previous

reports (Liao et al. 1996, 1997; Matsunaga et al. 2005;

Piccirillo et al. 1996), a natural logarithmic transfor-

mation was used to normalize the distribution of

HRV power spectral indices because these data

showed a distribution skewed to the right. Differ-

ences in BMI, BP, and log-transformed values (ln) of

HRV indices were evaluated by one-way ANOVA or

Student’s t-test where appropriate. The data are ex-

pressed as mean±SEM. The v2 test was performed for

analysis of the relationship of genotype distributions

to family history of hypertension, diabetes, or obesity.

Statistical analysis was performed using the Statview

Statistical Package (SAS Institute, Cary, NC, USA).

Significant differences were considered to be present

at P<0.05.

Results

Characteristics of the study subjects

Table 1 shows genotype and allele frequency for each

a-AR polymorphism in the subjects of the present

study. There was no detectable deviation from the

Hardy–Weinberg equilibrium for a1A-AR Arg347Cys

(v2=0.03, P=0.86), a2A-AR C-1291G (v2=0.22, P=0.64),

and a2A-AR DraI (v2=0.09, P=0.76) polymorphisms,

but there was for a2C-AR Del322–325 polymorphism

(v2=4.37, P=0.04). a2A-AR Asn251Lys polymorphism

was not detected. The allele frequencies of these

polymorphisms were different for different ethnic

backgrounds as shown in previous reports (Shibata

et al. 1996; Small et al. 2004, 2006; Xie et al. 1999).

Table 2 shows the clinical characteristics for each

a-AR polymorphism according to the genotype. Since

the number of subjects homozygous for the a1A-AR

347Cys allele or a2C-AR Del322–325 allele was limited,

statistical comparison was performed according to the

presence or absence of the a1A-AR 347Cys allele or the

a2C-AR Del322–325 allele. There were no significant

differences in any of the clinical characteristics for all

the studied polymorphisms.

Association of a-AR gene polymorphisms with

HRV indices

Table 3 shows the ECG R–R interval power spectral

parameters according to a1A-AR Arg347Cys poly-

morphism. At supine rest, 347Cys allele carriers had a

significantly higher HF(%) and lower LF(%) and LF/

HF than Arg/Arg carriers. This result suggested that

the a1A-AR 347Cys allele was associated with a rela-

tively lower resting sympathetic activity accompanying

higher parasympathetic activity.

No association was found between a2A-AR C-1291G

genotype and HRV indices (Table 4). For the DraI

RFLP, heterozygosity for the 6.3-kb allele showed a

tendency to lower LF power and a significantly lower

HF power, compared with 6.7-kb homozygote carriers

(Table 4). However, significant differences in these

indices were not observed in comparison with 6.3-kb

homozygote carriers.

Marginal significance was obtained for the associa-

tion between a2C-AR Del322–325 polymorphism and

the HRV indices at supine rest (Table 5). a2CDel322–

325 allele carriers had markedly higher HRV sympa-

thetic indices [LF(%) and LF/HF] and lower HRV

parasympathetic index [HF(%)] than noncarriers of

this variant.

No significant difference was observed in any of the

ECG R–R interval power spectral parameters for the

standing position measurements for any of the a-AR

polymorphisms.

Discussion

In the present study, using HRV power spectral anal-

ysis, we found that certain a-AR polymorphisms were

significantly associated with cardiac ANS function in

young and healthy Japanese men. In a supine rest,

lower HRV sympathetic index [LF(%), LF/HF] and

higher HRV parasympathetic index [HF(%)] were

observed in a1A-AR 347Cys allele carriers than in Arg/

Arg carriers, which suggested that the a1A-AR 347Cys

allele was associated with potential attenuation of

Table 1 Genotype and allele frequencies of the studied polymorphisms

Polymorphism Genotype, n (%) Allele frequencies

a1A-AR (Arg347Cys) Arg/Arg, 106 (71.1) Arg/Cys, 39 (26.2) Cys/Cys, 4 (2.7) Cys, 0.158
a2A-AR (C-1291G) C/C, 13 (8.7) C/G, 58 (38.9) G/G, 78 (52.4) G, 0.718
a2A-AR (Asn251Lys) Asn/Asn, 149 (100.0) Asn/Lys, 0 (0.0) Lys/Lys, 0 (0.0) Lys, 0.000
a2A-AR (DraI RFLP) 6.7-kb/6.7-kb, 64 (42.95) 6.7-kb/6.3-kb, 66 (44.3) 6.3-kb/6.3-kb, 19 (12.75) 6.3-kb, 0.349
a2C-AR (Del322–325) Ins/Ins, 132 (89.2) Ins/Del, 14 (9.45) Del/Del, 2 (1.35) Del, 0.061
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cardiac sympathetic tone accompanying vagal pre-

dominance. On the other hand, the a2C-AR Del322–325

allele carriers had higher sympathetic and lower

parasympathetic activities as reflected in the HRV

indices than noncarriers of this variant; this, however,

was of marginal statistical significance. This observation

Table 2 Clinical characteristics of study subjects according to a-AR polymorphisms

Characteristics a1A-AR Arg347Cys
genotype

a2A-AR C-1291G genotype a2A-AR DraI RFLP genotype a2C-AR Del322–325
genotype

Arg/
Arg

Arg/Cys
+ Cys/Cys

CC CG GG 6.7/6.7-kb 6.7/6.3-kb 6.3/6.3-kb Ins/Ins Ins/Del +
Del/Del

Age (years) 21.5±0.2 20.9±0.3 20.6±0.5 21.5±0.4 21.3±0.2 21.3±0.3 21.1±0.2 22.0±0.6 21.3±0.2 21.3±0.6
BMI (kg/m2) 21.3±0.2 21.4±0.4 21.6±1.0 21.2±0.4 21.4±0.2 21.4±0.3 21.3±0.3 21.1±0.5 21.4±0.2 20.7±0.7
SBP (mmHg) 114.8±1.1 115.0±1.3 119.7±3.3 113.5±1.5 115.1±1.1 113.3±1.5 115.1±1.3 117.3±2.0 115.2±0.9 111.8±2.9
DBP (mmHg) 65.7±1.0 64.7±1.7 65.6±3.0 65.9±1.7 65.1±1.0 65.6±1.5 65.3±1.2 65.4±2.1 65.4±0.9 65.6±2.8
HR (supine rest, bpm) 61.2±0.9 62.5±1.6 62.5±3.4 61.5±1.2 61.6±1.1 61.6±1.3 61.8±1.2 61.0±2.0 61.6±0.9 62.2±1.8
HR (standing, bpm) 79.7±1.1 79.9±1.6 80.1±3.0 78.2±1.3 80.8±1.4 78.9±1.4 80.0±1.5 82.1±2.2 79.8±1.0 80.2±2.4
Family history of HT,

DM, or obesity (%)
29.2 27.9 23.1 32.8 26.9 21.9 36.4 26.3 29.6 25.0

Values are mean±SEM and were compared by Student’s t-test or one-way ANOVA. Chi-square test was performed for analysis of
genotype distributions as to family history

BMI Body mass index, SBP systolic blood pressure, DBP diastolic blood pressure, HR heart rate, HT hypertension, DM diabetes
mellitus

Table 3 ECG R–R interval power spectral parameters at supine rest according to a1A-AR Arg347Cys polymorphism

Parameters a1A-AR Arg347Cys genotype P value

Arg/Arg Arg/Cys + Cys/Cys

LF (ln ms2) (geometric mean) 6.24±0.09 (511.5) 6.16±0.14 (473.8) 0.645
LF(%) 54.9±1.6 47.7±2.4 0.016*
HF (ln ms2) (geometric mean) 6.03±0.09 (414.1) 6.26±0.13 (524.5) 0.161
HF(%) 45.1±1.6 52.3±2.4 0.016*
LF/HF (ln) (geometric mean) 0.21±0.07 (1.24) –0.10±0.11 (0.90) 0.017*

Values are means±SEM; geometric means are given in parenthesis. LF(%) and HF(%) indicate percentage of low frequency power or
high frequency power in the range between 0.035 and 0.05 Hz (see methods for details). LF/HF indicates ratio of low- to high-
frequency power

*P<0.05 for Arg/Arg compared with Arg/Cys + Cys/Cys

Table 4 ECG R–R interval power spectral parameters at supine rest according to a2A-AR C-1291G or DraI restriction-fragment-
length polymorphisms

Parameters a2A-AR C-1291G genotype P
value

a2A-AR DraI RFLP genotype P
value

C/C C/G G/G 6.7/6.7-kb 6.7/6.3-kb 6.3/6.3-kb

LF (ln ms2) (geometric
mean)

6.23±0.15
(507.2)

6.27±0.11
(529.6)

6.17±0.11
(478.6)

0.816 6.33±0.09
(562.9)

6.02±0.12
(412.3)

6.49±0.27
(659.1)

0.056

LF (%) 52.4±3.1 53.3±2.1 52.5±2.0 0.963 51.5±1.8 53.7±2.2 54.0±4.1 0.719
HF (ln ms2) (geometric

mean)
6.13±0.16

(458.6)
6.13±0.13

(457.2)
6.07±0.11

(430.9)
0.927 6.27±0.09

(525.9)
5.87±0.13

(352.5)
6.32±0.25

(553.3)
0.023*

HF (%) 47.6±3.1 46.7±2.1 47.5±2.0 0.963 48.5±1.8 46.3±2.2 46.0±4.1 0.719
LF/HF (ln) (geometric

mean)
0.10±0.13

(1.11)
0.15±0.09

(1.16)
0.10±0.09

(1.11)
0.941 0.07±0.08

(1.07)
0.16±0.10

(1.17)
0.17±0.18

(1.19)
0.742

Values are means±SEM; geometric means are given in parenthesis

*P<0.05 for 6.7/6.7-kb compared with 6.7/6.3-kb

32 J Hum Genet (2007) 52:28–37

123



suggested that the a2C-AR Del322–325 mutation might

be associated with cardiac sympathetic predominance

even in healthy normotensive states, which may shift

sympatho-vagal valance toward vagal withdrawal. The

subjects in the present study were young and healthy,

therefore, the observed results suggest that the a1A-AR

and a2C-AR polymorphisms contribute primarily to

variability in cardiac sympatho-vagal modulation,

which is not a secondary phenotype derived from

hypertension or cardiovascular diseases.

Through sympathetic regulation, human a1A-AR

response is associated with blood pressure homeostasis

and cardiac development or function, and its dysfunc-

tion is associated with hypertension, benign prostatic

hyperplasia, and cardiac hypertrophy (Guimaraes and

Moura 2001; Tanoue et al. 2002). Several previous

studies could not detect a significant association of the

a1A-AR Arg347Cys variant with hypertension (Xie

et al. 1999), benign prostate hyperplasia (Shibata et al.

1996), and agonist-induced vascular response (Sofow-

ora et al. 2004).

In contrast with these studies, a recent study by Jiang

et al. (2005) showed that a1A-AR 347Cys allele carriers

had a significantly greater blood pressure response to

short-term irbesartan treatment. Snapir et al. (2003)

demonstrated that young healthy subjects homozygous

for the 347Cys allele had a longer electrocardiogram

(ECG) PR interval before and during the adrenaline

infusion. Gu et al. (2006) showed that frequency of the

347Cys was significantly lower in a hypertensive group

than in the control group, although they suggested other

a1A-AR genetic variations or certain haplotypes also

play an important role in the increased risk of essential

hypertension. Observed association of the 347Cys allele

with decreased cardiac sympathetic activity in the pres-

ent study may be in part responsible for the

(patho)physiological implications of this polymorphism.

Thus, we could not exclude the possibility that the

Arg347Cys polymorphism or other functional genetic

variants in linkage disequilibrium with it may have

potential clinical implications for a1A-AR-mediated

physiology or pharmacology in relation to sympatho-

vagal modulation (Buzas et al. 2004; Gu et al. 2006).

Haplotype analysis may provide more information than

analysis of single polymorphisms.

The a2C-AR subtype, as well as the a2A-AR, par-

ticipated in a negative feed-back loop regulating nor-

epinephrine release (Brede et al. 2003; Philipp et al.

2002). Studies in gene-targeted mice have demon-

strated that disruption of a2C-AR causes increased

circulating catecholamine levels, which will conse-

quently lead to enhanced cardiac b-AR signaling,

development of dilated cardiomyopathy, and increased

mortality resulting from heart failure (Brede et al.

2002).

In humans, the a2C-AR Del322–325 polymorphism

is related to augmented sympathetic and adrenome-

dullary activities even in healthy normotensive states

(Neumeister et al. 2005). In line with previous obser-

vations, we found in the present study that the

a2CDel322–325 allele carriers presented with sympa-

thetic predominance as reflected in the HRV indices.

In cardiovascular diseases including heart failure,

sympathetic overactivation is closely involved in dis-

ease exacerbation and increased morbidity and mor-

tality (Brook and Julius 2000), and it has been

suggested that sympathetic predominance can also

contribute to prospective pathogenesis of hypertension

and CVD (Liao et al. 1996, 1997).

Some clinical studies have indicated that the

a2CDel322–325 polymorphism is associated with an

increased risk of heart failure in African Americans

(Small et al. 2002) and increased severity of heart

failure symptoms (Brede et al. 2002). However, ethnic

variations in the frequencies of different haplotypes

consisting of 20 a2C-AR polymorphisms (Small et al.

2004) may be important in the impact of the

a2CDel322–325 variant on the pathology of cardiac

disease. In addition, Small et al. (2002) reported the

synergistic effect of the a2CDel322–325 and b1-AR

Gly389Arg polymorphisms on the development of

heart failure. Gene–gene interactions could modify the

Table 5 ECG R–R interval power spectral parameters at supine rest according to a2C-AR Del322–325 polymorphism

Parameters a2C-AR Del322–325 genotype P value

Ins/Ins Ins/Del + Del/Del

LF (ln ms2) (geometric mean) 6.21±0.08 (497.3) 6.20±0.31 (492.4) 0.967
LF (%) 51.9±1.4 60.6±4.7 0.047*
HF (ln ms2) (geometric mean) 6.13±0.08 (459.4) 5.73±0.32 (308.3) 0.105
HF (%) 48.1±1.4 39.4±4.7 0.047*
LF/HF (ln) (geometric mean) 0.08±0.06 (1.08) 0.47±0.22 (1.60) 0.044*

Values are means±SEM; geometric means are given in parenthesis

*P<0.05 for Ins/Ins compared with Ins/Del + Del/Del
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pathophysiological phenotypes of only one genetic

variant.

a2A-AR regulates the release of catecholamine from

sympathetic nerve terminals at the cardiovascular,

central, and peripheral levels (Brede et al. 2003; Phi-

lipp et al. 2002). a2-AR agonist, clonidine, has been

shown to reduce sympathetic activity and increase

parasympathetic tone (Girgis et al. 1998; Tank et al.

2004) and has been used in clinical applications

including blood pressure reduction and anesthesia.

Multiple genetic variations in ADRA2A have been

identified to date (Belfer et al. 2005; Kurnik et al. 2006;

Small et al. 2006). The 251Lys allele was found to be

relatively rare in Caucasian and Asian populations

(Small et al. 2006), and we also could not detect this

polymorphism in 149 Japanese males (Table 1). Con-

versely, the 6.3-kb allele of the DraI RFLP and -1291G

allele of ADRA2A were more common in Asians

(Small et al. 2006), including a Japanese population

(Table 1). The DraI RFLP has been reported to be

associated with hypertension and increased autonomic

responsiveness to some stressful conditions (Finley

et al. 2004; Freeman et al. 1995; Lockette et al. 1995).

In the present study, we found that heterozygous car-

riers of the 6.3-kb allele showed a lower HF and LF

component power of HRV compared with 6.7-kb

homozygous carriers; however, significant differences

were not observed in comparison with 6.3-kb homo-

zygous carriers. This may be due to the low number of

these carriers (n=19). Large-scale study is required to

detect the precise impacts of this polymorphism on

ANS function.

Few studies have investigated an association of

C-1291G polymorphism with hypertension-related

phenotypes. One report showed that -1291C/G het-

erozygotes had significantly higher cortisol response to

dexamethasone, fasting glucose, and tendency to in-

crease diastolic blood pressure (Rosmond et al. 2002).

In the present study, we could not detect a significant

association of the C-1291G polymorphism with the

HRV parameters in Japanese subjects. Linkage dis-

equilibrium among the multiple ADRA2A polymor-

phisms could modulate the association with a2A-AR

related diseases. In this respect, a recent study by Small

et al. demonstrated that 16 single-nucleotide poly-

morphisms organized into 17 haplotypes were identi-

fied in ADRA2A, and its frequencies were markedly

different among races, and these haplotypes lead to the

diversity of a2A-AR receptor expressions (Small et al.

2006).

The present study has potential limitations. First,

because the study subjects included only male Japa-

nese, our conclusions cannot be generalized to other

populations. In this context, the distribution patterns of

the studied a-AR polymorphisms are different among

various races (Shibata et al. 1996; Small et al. 2004,

2006; Xie et al. 1999). Second, the study subjects were

young and healthy, therefore, present observations

should be considered cautiously in relation to the

pathology of hypertension or cardiovascular diseases

and can not be applied to the phenotypes of patients

with these diseases. Follow-up study is needed to elu-

cidate the long-term effects of a-AR polymorphisms on

autonomic function and to evaluate the prevalence of

these diseases.

Third, we do not completely exclude the possibility

that the results in the present study may be a false

positive due to the multiple testing (five genetic

markers and five HRV parameters). If the Bonferroni

correction for multiple comparisons is applied

(P<0.001 as significant level), the statistical results in

this study will become insignificant. However, the

a2A-AR C-1291G and DraI polymorphisms are in

complete disequilibrium (|D¢|=1.0, Haploview pro-

gram), and each a-AR functionally interacts with the

others in the heart. In addition, HRV indices were

highly to moderately correlated with each other (data

not shown). Therefore, in this case, each new test does

not provide a completely independent opportunity for

a type I error, and the Bonferroni correction for mul-

tiple testing will be too conservative (Nyholt 2001).

Rather than just presenting statistically significant

results, in the present study, the simple original statis-

tical results have been adopted in order to report some

potentially important associations that are likely to be

worth pursuing further. On the other hand, in order to

reduce the number of statistical tests and the type-I

error rate, we tried to perform multivariate ANOVA

(MANOVA) analysis incorporating all of the studied

a-AR polymorphisms (except for the a2A-AR

Asn251Lys polymorphism, which was not found in the

present subjects) and all five HRV parameters, in

addition to univariate analyses. We could not find a

significant association between a2C-AR Del322–325

polymorphism and HRV indices in MANOVA

(P=0.605), which indicated that the results of the

univariate analysis of a2C-AR Del322–325 should be

interpreted with caution, taking into account the pos-

sibility of a sampling bias in this study population.

Meanwhile, a significant association between the

a1A-AR Arg347Cys polymorphism and HRV indices in

the supine position was detected by both MANOVA

(P=0.028) and univariate analyses.

Fourth, in the present study, the genotype distribu-

tion of the a2C-AR Del322–325 polymorphism was not

in equilibrium. Although the precise reason for the

34 J Hum Genet (2007) 52:28–37
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observed deviation from Hardy–Weinberg proportion

is unclear, one possible explanation could be the small

population size. However, the other studied a-AR

polymorphisms were in perfect Hardy–Weinberg

equilibrium. Whatever the cause, the deviation from

equilibrium could weaken the association between the

a2C-AR Del322–325 allele and ANS function in this

study.

Finally, the findings in the present study should be

considered as preliminary because several other poly-

morphisms have been identified in each a-AR (Buzas

et al. 2004; Gu et al. 2006; Small et al. 2004, 2006), and

therefore, the haplotype or gene–gene interactions may

modulate the association of a-AR polymorphisms with

cardiac autonomic function. Analyses stratified by the

haplotypes or combined genotypes for the a-AR poly-

morphisms are required in a large number of subjects.

In conclusion, the present study showed that certain

a-AR genetic variations actually influence cardiac ANS

function in young and healthy subjects, although these

observations should be confirmed by a large-scale

study in the same ethnic population. Abnormality of

autonomic function is closely related to the patho-

physiology of metabolic and vascular diseases, and can

be a predictor of future incidence of these diseases.

This leads us to hypothesize that, through autonomic

modulation, certain a-AR polymorphisms might pro-

vide potential risks for various a-AR-related diseases.

Short-term HRV analysis used in the present study is a

highly reproducible method (Tarkiainen et al. 2005)

and is of significant clinical relevance (Task Force of

the European Society of Cardiology and the North

American Society of Pacing and Electrophysiology

1996; Pumprla et al. 2002). Therefore, HRV can be

used to search for genetic variation influencing auto-

nomic modulation and various related diseases

including cardiac disease (Kupper et al. 2004). When

each a1-AR or a2-AR subtype-selective agent in hu-

mans is available, our understanding of the physio-

logical and clinical importance of the a-AR

polymorphisms will be further refined.
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