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It has been reported that the β 3-adrenergic receptor gene ( ADRB3 ) is associated with abnormal metabolic

risk factors. Therefore, we examined whether the Trp64Arg polymorphism of 

 

ADRB3

 

 affects the occurrence

of metabolic syndrome (MS). The participants were 2,395 subjects who underwent a medical examination in

Shigaraki in Shiga, Japan. Among them, 1,416 subjects who gave informed consent for genetic analysis and

were not receiving treatment for hypertension, diabetes, or hyperlipidemia were enrolled in this study. MS

was diagnosed in 86 (16.0%) of 537 men, and 8 (0.9%) of 879 women. There was no significant relationship

between 

 

ADRB3

 

 polymorphism and the frequency of MS. Multiple logistic regression analysis including

smoking, sex, and age as confounding factors showed no interaction between MS and 

 

ADRB3

 

 polymor-

phism (odds ratio: 0.94; 95% confidence interval: 0.59–1.49; 

 

p

 

=

 

0.78). Subjects were also analyzed according

to differences in the number of abnormal metabolic risk factors. However, there was no significant relation-

ship between 

 

ADRB3

 

 polymorphism and the number of such factors. In conclusion, in a general sample, the

frequency of MS was 16.0% in men, and 0.9% in women. There was no relationship between 

 

ADRB3

 

 poly-

morphism and MS. (

 

Hypertens Res

 

 2006; 29: 891–896)
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Introduction

 

The 

 

β

 

3-adrenergic receptor is expressed in visceral adipose
tissue and is thought to contribute to lipolysis, energy metab-

olism and regulation of the metabolic rate (

 

1

 

–

 

3

 

). A missense
mutation of 

 

ADRB3

 

 (Trp64Arg) in the first intracellular loop
of the receptor has been reported. This mutation has been
reported to be associated with diabetes mellitus (

 

4

 

, 

 

5

 

), abdom-
inal obesity (

 

5

 

), obesity (

 

6

 

), insulin resistance (

 

5

 

) and the
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basal metabolic rate (

 

4

 

).
In Japan, Kadowaki 

 

et al

 

. (

 

7

 

) reported that the frequency of
the mutant allele in obese subjects was significantly higher
than that in non-obese subjects. The presence of this mutation
was also accompanied by significantly higher fasting and 2-h
serum insulin levels during an oral glucose tolerance test
(OGTT). Thus, they suggested that 

 

ADRB3

 

 might contribute
to obesity and hyperinsulinemia/insulin resistance in Japa-
nese subjects.

On the other hand, there have been several reports that the
Trp64Arg mutation of 

 

ADRB3

 

 was not associated with glu-
cose metabolism, non–insulin-dependent diabetes mellitus
(NIDDM) (

 

8

 

), insulin resistance syndrome (

 

8

 

), obesity (

 

9

 

) or
insulin sensitivity (

 

10

 

). We also reported that the Trp64Arg
polymorphism of 

 

ADRB3

 

 did not appear to have any patho-
physiological significance in Japanese samples (

 

11

 

).
People with metabolic syndrome (MS) are at high risk of

developing type 2 diabetes (

 

12

 

) and cardiovascular disease
(

 

13

 

). The Third Report of the National Cholesterol Education
Program Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults (NCEP-ATP III)
proposed a new definition of MS (

 

14

 

). In 2005, the Interna-
tional Diabetes Federation (IDF) (the IDF consensus world-
wide definition of the metabolic syndrome; available from:
http://www.idf.org/home/index.cfm?unode=1120071E-AAC
E-41D2-9FA0-BAB6E25BA072) and a group of eight Japa-
nese societies (

 

15

 

) announced new and separate diagnostic
criteria for MS.

In our previous study employing a group of hypertensive
patients, the prevalence of MS by the new Japanese criteria
was 44.0% in men and 23.3% in women (

 

16

 

).
However, there have been no reports about the correlation

between the new Japanese criteria of MS and 

 

ADRB3

 

 poly-
morphism. Therefore, in this study, we evaluated the relation-
ship between the new Japanese criteria of MS and the
Trp64Arg polymorphism of  ADRB3   in Japanese residents in a
rural community.

 

Methods

 

Study Population

 

The Shigaraki Study was based on a medical examination
undertaken in 1999 in Shigaraki, a farming community near
Kyoto, western Japan (

 

17

 

–

 

22

 

). A total of 2,902 subjects
underwent the examination, of whom 2,395 were enrolled in
this genetic study after receiving a full explanation and pro-
viding informed consent. Of these subjects, 403 were
excluded for the following reasons: undetermined genotype,

 

n

 

=127; a serum aspartate aminotransferase (AST [GOT]) or
alanine aminotransferase (ALT [GPT]) level of over 100
IU/l, 

 

n

 

=13; and/or a history of transient ischemic attack,
stroke, angina pectoris, or myocardial infarction, 

 

n

 

=263.
Moreover, 576 (221 men and 355 women) were excluded
because they were receiving treatment for hypertension, dia-

betes or hyperlipidemia. The remaining 1,416 subjects (537
men and 879 women) were analyzed. Subjects were between
the ages of 30 and 79. This study was approved by the Institu-
tional Review Board of Shiga University of Medical Science
(Nos. 11-15, 1999).

 

Measurement of Waist Circumference

 

The waist was measured at the level of the umbilicus using a
tape measure; subjects wore an undergarment and stood dur-
ing the measurement. Waist measurements were taken by the
same person. Each measurement was performed in triplicate
and the average value was used.

 

Blood Pressure and Biochemical Examinations

 

Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) were measured twice using a standard sphygmoma-
nometer on the right arm while the subject was seated after
having rested for at least 5 min. Korotkov’s first and fifth
points were regarded as the SBP and DBP, respectively, and
the blood pressure (BP) was measured by a well-trained
nurse. The mean of 2 measurements from each subject was
used for data analysis. The body mass index (BMI) was cal-
culated as the weight (kg) divided by the square of the height
(m). Non-fasting blood was drawn and serum total cholesterol
(TC) and high density lipoprotein–cholesterol (HDL-C) lev-
els were determined in one laboratory (Medic, Shiga, Japan).
The measurement precision and accuracy of these serum lip-
ids were certified through the lipid standardization program
by Osaka Medical Center for Cancer and Cardiovascular Dis-
ease, which is a member of the Cholesterol Reference Method
Laboratory Network (CRMLN) controlled by the centers for
Disease Control and Prevention (Atlanta, USA) (

 

23

 

).

 Criteria of Metabolic Syndrome 

We used the 2005 Japanese criteria of MS (

 

15

 

). Briefly, men
with an abdominal circumference of 

 

≥

 

85 cm and women with
an abdominal circumference of 

 

≥

 

90 cm were defined as
abdominally obese. MS is defined as abdominal obesity plus
at least 2 of the following abnormalities: hypertriglyceri-
demia (triglyceride [TG] 

 

≥

 

150 mg/dl), low HDL-C (HDL-C
<40 mg/dl), hypertension (SBP 

 

≥

 

130 mmHg and/or DBP

 

≥

 

85 mmHg), and impaired fasting glucose (fasting blood glu-
cose level 

 

≥

 

110 mg/dl).

 

Determination of the Trp64Arg Polymorphism of

 

ADRB3

 

DNA was isolated from peripheral leukocytes and 

 

ADRB3

 

genotypes were determined as previously reported (

 

1

 

). Geno-
types, determined by the polymerase chain reaction–restric-
tion fragment length polymorphism (PCR-RFLP) method for
75 random samples consisting of 25 PCR products for each
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genotype, were confirmed by direct sequencing. Briefly, after
fractionation of PCR-RFLP products on 1% agarose gels
(Nippon Gene, Toyama, Japan), the desired DNA bands were
excised, and DNA was purified using a QIAquick Gel Extrac-
tion Kit (QIAGEN, Valencia, USA), amplified with the above
5

 

′

 

 primer, and analyzed with an ABI PRISM 310 Genetic
Analyzer (Perkin-Elmer, Norwalk, USA).

 
Statistical Analysis

 
Data are expressed as the mean

 
±

 
SD. All statistical analyses

were performed using the SAS statistical package. Two-way
ANOVA and the 

 

χ

 

2

 

 test were used to assess differences
among subjects with different genotypes. Since few subjects
carried Arg/Arg genotypes, we combined the Trp/Arg and
Arg/Arg genotypes for assessment.

To examine the independent contribution of 

 

ADRB3

 

 poly-
morphism to the risk of MS, while adjusting for the effects of
other clinical characteristics, logistic analysis was used. For
the risk of MS, a logistic model was developed with the fol-
lowing variables as covariates: sex, age, smoking, alcohol,
and 

 

ADRB3

 

 polymorphisms.

 

Results

 

Table 1 summarizes the characteristics of subjects according
to the genotype of 

 

ADRB3

 

. The Trp64Arg polymorphism of

 

ADRB3

 

 was not significantly associated with age, BMI,
waist, drinking and smoking habits, tendency toward hyper-

tension, high TG and/or low HDL-C, blood glucose (BG)
over 110 mg/dl, or the frequency of MS. The waist circumfer-
ence of subjects with the Arg64 allele of Trp64Arg was sig-
nificantly larger than that of subjects without the Arg64 allele
(

 

p

 

=0.0404). In the assessment of genotypes not associated
with the Trp64Arg polymorphism, the mean waist circumfer-
ences of subjects were 70.5

 

±

 

7.5 cm for subjects with Trp/
Trp, 71.8

 

±

 

8.4 for subjects with Trp/Arg, and 70.6

 

±

 

7.6 for
subjects with Arg/Arg (

 
p

 
=0.0835). There was no significant

association between the waist circumference and  ADRB3 
polymorphism.

The frequency of MS was 16.0% in men and 0.9% in
women. There was no significant relationship between

 

ADRB3

 

 polymorphism and the frequency of MS.
Multiple logistic regression analysis including smoking,

sex, and age as confounding factors showed that each of these
factors was associated with MS; however, there was no inter-
action between MS and 

 

ADRB3

 

 polymorphism (odds ratio:
0.94; 95% confidence interval: 0.59–1.49; 

 

p

 

=0.78).
Tables 2 and 3 summarize the correlation between the

Trp64Arg polymorphism of 

 

ADRB3

 

 and the number of abnor-
mal metabolic risk factors in men and women, respectively.
There was no relationship between 

 

ADRB3

 

 polymorphism
and the number of abnormal metabolic factors in either sex
(

 

p

 

=0.925 for men; 

 

p

 

=0.765 for women).

 

Discussion

 

Kadowaki 

 

et al

 

. (

 

7

 

) and Yoshida 

 

et al

 

. (

 

24

 

) reported that the

 

Table 1. Characteristics of the Study Population According to the Trp64Arg Polymorphism of 

 

ADRB3

 

 in Men and Women,
Shigaraki Study in 1999 (Not Receiving Treatment for Hypertension, Diabetes or Hyperlipidemia)

 

Risk characteristics

Polymorphism of 

 

ADRB3

 

Men (537) Women (879)

Trp/Trp Trp/Arg +Arg/Arg

 

p

 

-value Trp/Trp Trp/Arg+Arg/Arg

 

p

 

-value

 

N (1,416) 368 157+12 585 257+37
Age (years) 55.5±15.5 53.6±16.1 0.1921 51.3±15.2 53.3±15.9 0.0789

BMI (kg/m2) 22.4±2.8 22.2±3.0 0.3827 21.9±3.0 22.1±3.0 0.4327
Waist (cm) 80.2±8.3 79.4±9.0 0.3100 70.5±7.5 71.6±8.3 0.0404
Abdominally obese 109/259 (29.6%) 33+5/124+7 (22.5%) 0.0851 6/579 (1.0%) 6+0/251+37 (2.0%) 0.2211
(men waist ≥85 cm, women waist ≥90 cm)
Alcohol (P/N) 282/86 115+9/42+3 0.4143 157/428 75+10/182+27 0.5160
Smoking (P/N) 279/89 119+10/38+2 0.8966 48/537 24+3/233+34 0.6242
130/85 (P/N) 167/201 73+7/84+5 0.6726 110/475 51+5/206+32 0.9305
TG/HDL (P/N) 145/223 63+5/94+7 0.8543 205/380 93+15/164+22 0.6211
TG (mg/dl) 145.3±99.8 140.3±94.3 0.5815 106.2±62.0 108.6±65.9 0.6041
HDL (mg/dl) 52.8±14.3 55.0±15.1 0.1059 61.9±14.1 60.4±13.8 0.1276
BG ≥110 (P/N) 97/271 38+6/119+6 0.9370 118/467 58+6/199+31 0.5812
MS (P/N) 61/307 (16.6%) 20+5/137+7 (14.8%) 0.6008 4/581 (0.7%) 4+0/253+37 (1.4%) 0.3188

N: number of subjects. Values are the means±SD. ADRB3, β3 adrenergic receptor gene; BMI, body mass index; Waist, waist circumfer-
ence; Alcohol, alcohol drinking habit; P/N, positive/negative; Smoking, smoking habit; 130/85, systolic blood pressure ≥130 mmHg
and/or diastolic blood pressure ≥85 mmHg; TG/HDL, triglyceride ≥150 mg/dl and/or high density lipoprotein cholesterol <40 mg/dl;
BG ≥110, fasting blood glucose level ≥110 mg/dl; MS, frequency of metabolic syndrome.
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Trp64Arg mutation had pathological significance in Japanese
populations. However, in our study of 1,416 subjects taking
no medications for hypertension, diabetes or hyperlipidemia,
the ADRB3 polymorphism did not appear to have any signifi-
cant influence on the various parameters associated with MS.
Similarly, Yuan et al. (25) reported that ADRB3 polymor-
phism was not a major genetic determinant of obesity or dia-
betes in the Japanese general population. Moreover, Masuo et
al. (26) reported that the Trp64 allele was linked to BP eleva-
tion in a 5-year longitudinal study; however, our study indi-
cated no significant relation between ADRB3 polymorphism
and BP. These discrepancies may be difficult to reconcile;
however, it is possible that this polymorphism may have only
a small effect on MS, and this may be masked by differences
in the genetic background or environmental factors, including
lifestyle. Another possibility is that the Trp64Arg polymor-
phism of ADRB3 may not have any functional significance
itself, but may be linked to an as-yet-unidentified mutation in
this gene. Indeed, two previous studies have reported that
expression of the Trp64Arg polymorphism of ADRB3 in vitro
was associated with normal lipolytic function (9, 27). How-
ever, Pietri-Rouxel et al. (28) reported a biochemical dys-
function induced by the Trp64Arg mutation in ADRB3, which
could be important in pathophysiological situations pertain-
ing to obesity. Indeed, although ADRB3 exists on chromo-

some 8, Kissebah et al. (29) reported that trait loci on
chromosomes 3 and 17 influence MS phenotypes. Thus the
Trp64Arg polymorphism of ADRB3 and its functional signif-
icance remain controversial.

Essential hypertension is reported to be associated with
insulin resistance; however, Castellano et al. (30) reported
that the Trp64Arg polymorphism of ADRB3 has no relevant
influence on BP levels or other features of insulin resistance
syndrome. In Japan, Fujisawa et al. (31) reported that the
Trp64Arg polymorphism of ADRB3 did not play a major role
in the susceptibility to essential hypertension or insulin resis-
tance. In their study, as in our normal population in this study,
the Trp64Arg polymorphism of ADRB3 had no significant
influence on various parameters associated with MS. Also, in
their study, visceral obesity was reported to significantly
affect glucose metabolism; however, the Trp64Arg polymor-
phism of ADRB3 did not appear to have any significant effect
on MS in this study. In the present study, it seemed that
women with the Arg64 allele of Trp64Arg had a significantly
larger waist circumference than those without the Arg64
allele (p=0.0404). However, there was no difference in waist
circumference between subjects with and those without
Trp64Arg polymorphism of ADRB3 (p=0.0835).

In our sample, the frequency of MS was 16.0% in men and
0.9% in women. In the Tanno and Sobetsu Study, the fre-

Table 2. Relationship between the Trp64Arg Polymorphism of ADRB3 and the Number of Abnormal Metabolic Factors in
Men (Not Receiving Treatment for Hypertension, Diabetes or Hyperlipidemia)

Number of abnormal risk factors
Polymorphism of ADRB3

N
Trp/Trp Trp/Arg+Arg/Arg

0 102 (68.0%) 44+4 (32.0%) 150

p=0.925
1 150 (70.1%) 63+1 (29.9%) 214
2 89 (67.4%) 39+4 (32.6%) 132
3 27 (65.9%) 11+3 (34.1%) 41

368 157+12 537

N: number of subjects. Abnormal metabolic factors: hypertriglyceridemia: triglycerides ≥150 mg/dl and/or high density lipoprotein cho-
lesterol <40 mg/dl; hypertension: systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥85 mmHg; and impaired fasting
glucose: fasting blood glucose level ≥110 mg/dl.

Table 3. Relationship between the Trp64Arg Polymorphism of ADRB3 Gene and the Number of Abnormal Metabolic Factors
in Women (Not Receiving Treatment for Hypertension, Diabetes or Hyperlipidemia)

Number of abnormal risk factors
Polymorphism of the ADRB3

N
Trp/Trp Trp/Arg+Arg/Arg

0 325 (67.7%) 136+19 (32.3%) 480

p=0.765
1 144 (65.2%) 65+12 (34.8%) 221
2 59 (62.8%) 31+4 (37.2%) 94
3 57 (67.9%) 25+2 (32.1%) 84

585 257+37 879

N: number of subjects. Abnormal metabolic factors: hypertriglyceridemia: triglycerides ≥150 mg/dl and/or high density lipoprotein cho-
lesterol <40 mg/dl; hypertension: systolic blood pressure ≥130 mmHg and/or diastolic blood pressure ≥85 mmHg; and impaired fasting
glucose: fasting blood glucose level ≥110 mg/dl.
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quency of MS in a rural Japanese sample was 25.3% in men
(32), and in a study in Okinawa, the frequency of MS was
30.2% in men and 10.3% in women (33). Our present data in
men were comparable with the data from these previous stud-
ies, but our data in women were lower. This is possibly
because the criteria for MS in the other studies were NCEP-
ATP III and a waist girth over 85 cm. If we use a waist girth
over 85 cm for women in this study, the frequency of MS was
5.8% in women in our sample. Compared with a previous
study (16), the prevalence of MS in this study was much
lower. This may be because our study subjects were not being
treated, but the previous subjects were all being treated for
hypertension. In addition, in the standard examination in this
study, there was no relationship between ADRB3 polymor-
phism and MS.

There are some limitations of our study. First, we only ana-
lyzed ADRB3 as a candidate gene of MS. Although there are
many other candidate genes of MS, such as the leptin, insulin
receptor substrate-1, and adiponectin genes, these were not
examined in this study. In particular, for adiponectin located
at chromosome 3, Kissebah et al. (29) reported that trait loci
on chromosomes 3 and 17 influenced MS phenotypes. Fur-
ther investigation will need to be carried out using a large-
scale sample. Second, not all the blood samples collected
were fasting samples. If we use fasting blood collection, the
frequency of MS will decrease and will not be related to MS.
Third, the sample power was weak. A much larger number of
subjects may be required to confirm the association.

In conclusion, in this general sample, the frequency of MS
was 16.0% in men and 0.9% in women. There was no rela-
tionship between ADRB3 polymorphism and MS.

Acknowledgements
We received excellent technical assistance from the staff at
Ehime University for the determination of the ADRB3 polymor-
phism.

References

1. Emorine LJ, Marullo S, Briend-Sutren MM, et al: Molecu-
lar characterization of the human β3 adrenergic receptor.
Science 1989; 245: 1118–1121.

2. Spronsen AV, Nahmias C, Krief S, Briend-Sutren MM,
Strosberg AD, Emorine LJ: The promoter and intron/exon
structure of the human and mouse β3 adrenergic receptor
genes. Eur J Biochem 1993; 213: 1117–1124.

3. Krief S, Lonnqvist F, Raimbault S, et al: Tissue distribution
of β3 adrenergic receptor m-RNA in man. J Clin Invest
1993; 91: 344–349.

4. Walston J, Silver K, Bogardus C, et al: Time of onset of
non−insulin-dependent diabetes mellitus and genetic varia-
tion in the β3 adrenergic-receptor gene. N Engl J Med 1995;
333: 343–347.

5. Widen E, Lehto M, Kanninen T, Walston J, Shuldiner AR,
Groop LC: Association of a polymorphism in the β3 adren-
ergic-receptor gene with features of the insulin resistance

syndrome in Finns. N Engl J Med 1995; 333: 348–351.
6. Clement K, Vaisse C, Manning BS, et al: Genetic variation

in the β3 adrenergic-receptor and an increased capacity to
gain weight in patients with morbid obesity. N Engl J Med
1995; 333: 352–354.

7. Kadowaki H, Yasuda K, Iwamoto K, et al: A mutation in
the β3 adrenergic-receptor gene is associated with obesity
and hyperinsulinemia in Japanese subjects. Biochem Bio-
phys Res Commun 1995; 215: 555–560.

8. Rissanen J, Kuopusjarvi J, Pihlajamaki J, et al: The
Trp64Arg polymorphism of the β3 adrenergic receptor
gene. Diabetes Care 1997; 20: 1319–1322.

9. Li LS, Lonnqvist F, Luthman H, Arner P: Phenotypic char-
acterization of the Trp64Arg polymorphism in the beta3
adrenergic receptor gene in normal weight and obese. Dia-
betologia 1996; 39: 857–860.

10. Urhammer SA, Clausen JO, Hansen T, Pedersen O: Insulin
sensitivity and body weight changes in young white carriers
of the codon 64 amino acid polymorphism of the β3-adren-
ergic receptor gene. Diabetes 1996; 45: 1115–1120.

11. Tamaki S, Iwai N, Tsujita Y, Nakamura Y, Ohmichi N,
Kinoshita M: Variant of the β3-adrenegic receptor gene and
coronary atherosclerosis in Japanese subjects. Int J Cardiol
1999; 69: 309–311.

12. Lorenzo C, Okoloise M, Williams K, Stern MP, Haffner
SM: The metabolic syndrome as predictor of type 2 diabe-
tes: the San Antonio heart study. Diabetes Care 2003; 26:
3153–3159.

13. Sattar N, Gaw A, Scherbakova O, et al: Metabolic syn-
drome with and without C-reactive protein as a predictor of
coronary heart disease and diabetes in the West of Scotland
Coronary Prevention Study. Circulation 2003; 108: 414–
419.

14. Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults: Executive Summary of
the Third Report of the National Cholesterol Education Pro-
gram (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III). JAMA 2001; 285: 2486–2497.

15. The Examination Committee of Criteria for Metabolic Syn-
drome: Definition and criteria of metabolic syndrome. J Jpn
Soc Intern Med 2005; 94: 794–809 (in Japanese).

16. Tamaki S, Nakamura Y, Yoshino T, et al: The association
between morning hypertension and metabolic syndrome in
hypertensive patients. Hypertens Res 2006; 29: 783–788.

17. Nakamura Y, Amamoto K, Tamaki S, et al: Genetic varia-
tion in aldehyde dehydrogenase 2 and the effect of alcohol
consumption on cholesterol levels. Atherosclerosis 2002;
164: 171–177.

18. Amamoto K, Okamura T, Tamaki S, et al: Epidemiologic
study of the association of low-Km mitochondrial acetalde-
hyde dehydrogenase genotypes with blood pressure level
and the prevalence of hypertension in a general population.
Hypertens Res 2002; 25: 857–864.

19. Tamaki S, Nakamura Y, Tsujita Y, et al: Polymorphism of
the angiotensin converting enzyme gene and blood pressure
in a Japanese general population (the Shigaraki Study).
Hypertens Res 2002; 25: 843–848.

20. Tamaki S, Nakamura Y, Tabara Y, et al: Combined analysis
of polymorphisms in angiotensinogen and adducin genes



896 Hypertens Res Vol. 29, No. 11 (2006)

and their effect on hypertension in a Japanese population
(the Shigaraki Study). Hypertens Res 2005; 28: 645–650.

21. Tsujita Y, Nakamura Y, Zhang Q, et al: The association
between high-density lipoprotein cholesterol level and cho-
lesteryl ester transfer protein TaqIB gene polymorphism is
influenced by alcohol drinking in a population-based sam-
ple. Atherosclerosis (in press).

22. Ozawa T, Ito M, Tamaki S, et al: Gender and age effects on
ventricular repolarization abnormality in Japanese general
carriers of a G643S common single nucleotide polymor-
phism for the KCNQ1 gene. Circ J 2006; 70: 645–650.

23. Myers GL, Cooper GR, Henderson LO, Hassemer DJ, Kim-
berly MM: Standardization of lipid and lipoprotein mea-
surement, in Rifai N, Warnick GR, Dominiczak MH (eds):
Handbook of Lipoprotein Testing. Washington, DC,
AACC, 1997, pp 223–250.

24. Yoshida T, Sakane N, Umekawa T, Sakai M, Takahashi T,
Kondo M: Mutation of β3 adrenergic receptor gene and
response to treatment of obesity. Lancet 1995; 346: 1433–
1434.

25. Yuan X, Yamada K, Koyama K, et al: Beta 3-adrenergic
receptor gene polymorphism is not a major genetic determi-
nant of obesity and diabetes in Japanese general population.
Diabetes Res Clin Pract 1997; 37: 1–7.

26. Masuo K, Katsuya T, Fu Y, Rakugi H, Ogihara T, Tuck
ML: Beta2- and beta3-adrenergic receptor polymorphisms
are related to the onset of weight gain and blood pressure
elevation over 5 years. Circulation 2005; 28: 3429–3434.

27. Candelore MR, Deng L, Tota LM, Kelly LJ, Cascieri MA,

Strader CD: Pharmacological characterization of a recently
described human β3-adrenergic receptor mutant. Endocri-
nology 1996; 6: 2638–2641.

28. Pietri-Rouxel F, Manning STJ, Gros J, Strosberg AD: The
biochemical effect of the naturally occurring Trp64-Arg
mutation on human β3-adrenoceptor activity. Eur J Bio-
chem 1997; 247: 1174–1179.

29. Kissebah AH, Sonnenberg GE, Myklebust J, et al: Quanti-
tative trait loci on chromosomes 3 and 17 influence pheno-
types of the metabolic syndrome. Proc Natl Acad Sci U S A
2000; 97: 14478–14483.

30. Castellano M, Muiesan ML, Cinelli A, et al: Lack of associ-
ation of the Trp64Arg polymorphism of the β3 adrenergic-
receptor gene with blood pressure. Circulation 1997; 96
(Suppl 1): 226.

31. Fujisawa T, Ikegami H, Yamato E, et al: Trp64Arg muta-
tion of beta3-adrenergic receptor in essential hypertension:
insulin resistance and the adrenergic system. Am J Hyper-
tens 1997; 10: 101–105.

32. Takeuchi H, Saitoh S, Takagi S, et al: Metabolic syndrome
and cardiac disease in Japanese men: applicability of the
concept of metabolic syndrome defined by the National
Cholesterol Education Program−Adult Treatment Panel III
to Japanese men⎯the Tanno and Sobetsu Study. Hypertens
Res 2005; 28: 203–208.

33. Tanaka H, Shimabukuro T, Shimabukuro M: High preva-
lence of metabolic syndrome among men in Okinawa. J
Atheroscler Thromb 2005; 12: 284–288.


	Relationship between Metabolic Syndrome and Trp64Arg Polymorphism of the β3-Adrenergic Receptor Gene in a General Sample: The Shigaraki Study
	Introduction
	Methods
	Study Population
	Measurement of Waist Circumference
	Blood Pressure and Biochemical Examinations
	Criteria of Metabolic Syndrome
	Determination of the Trp64Arg Polymorphism of ADRB3
	Statistical Analysis

	Results
	Discussion
	Acknowledgements
	References




