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β 2- and β 3-Adrenoceptor Polymorphisms Relate 
to Subsequent Weight Gain and Blood Pressure 
Elevation in Obese Normotensive Individuals
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High blood pressure (BP) is a major determinant of cardiovascular events in obesity. The β 2- and β 3-

adrenoceptor polymorphisms are associated with obesity and hypertension. In the present study, we exam-

ine the relationships of β 2- and β 3-adrenoceptor polymorphisms with further weight gain–induced BP ele- 

vation in obese subjects. Changes in BP, body weight, total body fat-mass, waist-to-hip ratio, plasma

norepinephrine (NE) and leptin levels, and β 2(Arg16Gly)- and β 3(Trp64Arg)-adrenoceptor polymorphisms

were measured periodically over a 5-year period in 55 entry obese (body mass index [BMI]

 
≥

 

25.0 kg/m

 

2

 

) nor-

motensive (BP

 

<

 

140/90 mmHg) men. BP elevation and weight gain were defined as 

 

≥

 

10% increases from

entry levels over 5 years in mean BP or BMI. Obese subjects with weight gain, BP elevation or weight gain–

induced BP elevation had higher frequencies of the Gly16 allele of Arg16Gly and Arg64 allele of Trp64Arg.

Subjects carrying the Gly16 or Arg64 alleles had significantly greater total fat-mass and waist-to-hip ratio at

entry and over a 5-year period compared to the subjects who did not carry these polymorphisms. Subjects

carrying the Gly16 allele had similar levels of plasma NE, higher levels of plasma leptin and a lower slope

of the regression lines between plasma leptin and NE levels. Those carrying the Arg64 allele had higher

plasma NE levels at entry and over a 5-year period compared to the subjects without the Arg64 allele, but

plasma leptin levels and slopes were similar. The findings demonstrate that the Arg64 allele of the β 3-

adrenoceptor polymorphisms relates to weight gain–induced BP elevation accompanying high plasma NE

(heightened sympathetic activity) in obese men. The Gly16 allele of the β 2-adrenoceptor polymorphisms

links to weight gain–induced BP elevation associated with leptin resistance. β 2- and β 3-adrenoceptor poly- 

morphisms could predict the future BP elevation and further weight gain–induced BP elevation in originally

obese subjects. (
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Introduction

 

Obesity and obesity-related cardiovascular disease are a rap-
idly growing public health problem (

 

1

 

, 

 

2

 

), and there is evi-

dence that human obesity and hypertension have strong
genetic as well as environmental determinants (

 

3

 

–

 

5

 

). High
blood pressure (BP) is a significant determinant factor for car-
diovascular events in obese subjects, but the mechanisms of
high BP in obesity have not been fully clarified. The ther-
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mogenic effects in obesity have been mainly attributed to the
activity of the 

 

β

 

2- and 

 

β

 

3-adrenergic receptors in humans (

 

6

 

–

 

12

 

), but these findings have not been confirmed in other stud-
ies (

 

13

 

, 

 

14

 

).
We have previously reported in nonobese, normotensive

individuals that the Gly16 allele of the 

 

β

 

2-adrenoceptor poly-
morphisms is related to greater weight gain and BP elevation,
whereas the Glu27 allele of the 

 

β

 

2-adrenoceptor polymor-
phisms and Trp64 allele of the 

 

β

 

3-adrenoceptor polymor-
phisms are linked to BP elevation, but not to weight gain (

 

15

 

).
Several studies have shown that the Trp64Arg of the 

 

β

 

3-
adrenoceptor polymorphisms may be strongly associated with
obesity (

 

9

 

–

 

11

 

), however, this finding has not been confirmed
in other studies (

 

13

 

, 

 

14

 

, 

 

16

 

). Thus, we could speculate that the
mechanisms by which 

 

β

 

2- and 

 

β

 

3-adrenoceptor polymor-
phisms cause weight gain–induced BP elevation differ
between nonobese normotensive subjects and obese normo-
tensive subjects.

Reports of an association of  β  2- and  β  3-adrenergic receptor
polymorphisms with obesity and hypertension in obesity have
been discordant (

 

4

 

–

 

14

 

). The discordance might be caused by
differences in the degree of obesity, gender, or ethnicity in the
studied cohorts. Additionally, few studies have simulta-
neously taken into account obesity and hypertension as
related to polymorphisms of 

 

β

 

2- and 

 

β

 

3-adrenoceptor genes
in the same study population followed longitudinally for sev-
eral years. Plasma norepinephrine (NE) levels, as an index of
sympathetic nerve system activity, and plasma leptin levels,
both of which have been reported to have strong associations
with obesity, are also examined in the present study.

Thus, the present study examines the associations of the 

 

β

 

2-
and 

 

β

 

3-adrenoceptor polymorphisms with BP elevation as
well as plasma NE level as an index of sympathetic nerve
activity and plasma leptin level in originally obese normoten-

sive men over 5 years to further evaluate the mechanisms of
obesity-related hypertension.

 

Methods

 

Subjects

 

Subjects were recruited from a cohort of 1,121 men who work
in a single company in Osaka, Japan as part of their annual
medical evaluation. Subjects at study entry were excluded
who were >50 years of age, had diabetes mellitus (fasting
glucose level>110 mg/dl), or had hypertension (BP

 

≥

 

140/90
mmHg). Only overweight or obese men (body mass index
[BMI] 

 

≥

 

25 kg/m

 

2

 

) (

 

17

 

, 

 

18

 

) were enrolled in the present study,
because the goal of the present study was to evaluate the
mechanisms of BP elevation in obese subjects. Additional
exclusions were subjects who were taking medications for
hypertension, hyperlipidemia, hyperuricemia or other illness,
and those who were enrolled in a weight loss program ( 19 ).
Only subjects who had steady body weight and BP levels
(weight and mean BP had not changed significantly [<5%]
over the year prior to the entry period) were enrolled in this
study (

 

20

 

, 

 

21

 

). After exclusion, 55 overweight or obese
(BMI

 

≥

 

25 kg/m

 

2

 

) normotensive (<140/90 mmHg) young
men on no medications were enrolled in the present study.
Informed consent was obtained from each subject, as
approved by the Ethics Committee of Osaka University Grad-
uate School of Medicine, Japan.

 

Measurements

 

After an overnight fast of >12 h, BMI, total body fat-mass,
the ratio of waist circumference to hip circumference (waist-
to-hip ratio), BP, heart rate, and venous sampling for plasma

 

Table 1. Characteristics of Obese Normotensive Subjects at Entry and at Year 5

 

Variable

With BP elevation Without BP elevation

With weight gain Without weight gain With weight gain Without weight gain

At entry At year 5 At entry At year 5 At entry At year 5 At entry At year 5

Subjects (

 

n

 

) 17 17 10 10 16 16 12 12
Smoker/non-smoker (

 

n

 

/

 

n

 

) 5/12 3/14 3/7 2/8 5/11 3/13 4/8 2/10
Age (years) 37

 

±

 

5 42

 

±

 

5

 

¶

 

38

 

±

 

4 43

 

±

 

4

 

¶

 

36

 

±

 

4 41

 

±

 

4

 

¶

 

37

 

±

 

4 42

 

±

 

4

 

¶

 

BMI (kg/m

 

2

 

) 27.5

 

±

 

2.0 31.8

 

±

 

2.2¶ 27.7±2.3 27.5±1.7† 27.6±1.5 30.7±2.3¶ 27.3±2.1 27.5±1.3†

Total fat-mass (kg) 25.0±3.7 27.5±3.6|| 22.7±3.4* 23.8±4.3* 23.1±2.7‡ 26.8±3.3|| 20.5±3.5*,‡ 21.8±4.2†,‡

Waist-to-hip ratio 1.17±0.09 1.26±0.08|| 1.07±0.09* 1.09±0.10† 1.10±0.10‡ 1.17±0.09‡,|| 1.06±0.11 1.07±0.08*
Systolic BP (mmHg) 135±4 153±5¶ 128±7† 139±5†,¶ 130±7‡ 137±7§,|| 126±7* 130±8*,‡

Diastolic BP (mmHg) 83±6 93±7¶ 78±6* 87±7¶ 82±6 85±6‡ 80±6 81±8‡

Mean BP (mmHg) 102±7 113±8¶ 94±7* 104±7†,¶ 99±7 102±6§ 96±6 97±7‡

Heart rate (bpm) 75±6 77±5 74±5 75±4 72±6 75±6 74±7 75±6
Norepinephrine (pmol/ml) 2.13±0.51 2.44±0.55|| 1.90±0.45* 2.28±0.54|| 1.85±0.46‡ 2.09±0.47‡,|| 1.71±0.31‡ 1.98±0.37‡

Leptin (ng/ml) 6.1±2.4 7.8±2.6|| 6.2±2.3 7.5±4.3 5.5±2.4 7.7±3.6|| 6.4±2.1 6.9±3.0

Data are mean±SD. Obese normotensive subjects: n=55. *p<0.05, †p<0.01 vs. subjects with significant weight gain; ‡p<0.05,
§p<0.01 vs. subjects with significant BP elevation. ||p<0.05, ¶p<0.01 vs. value at entry. BP, blood pressure; BMI, body mass index.
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NE, leptin and extraction of genomic DNA from leukocytes
were taken every year for 5 years. BP and heart rate were
measured in the recumbent position using an automated
sphygmomanometer (TM-2713, A&D Co., Tokyo, Japan)
with an adjusted cuff size, which had been standardized
against a mercury sphygmomanometer. The percentage body
fat-mass was determined with impedance measurements (BF-
102, Tanita Co Ltd., Tokyo, Japan), and total body fat-mass
(kg) was calculated according to the following equation: 

Total body fat-mass
=[percentage body fat-mass (%)/100] × body 

weight (kg).

Significant BP elevation and weight gain over 5 years were
defined as a ≥10% increase in mean BP or BMI compared
with the values at entry (15, 20–22).

Laboratory Determinations

Plasma NE was measured by high-performance liquid chro-
matography by a fluorometric method as previously
described for this laboratory (intra-assay coefficient of varia-
tion [CV]=2.1%; inter-assay CV=3.6%; sensitivity=0.06 to
120 nmol/l) (20). Plasma leptin was measured by radioimmu-
noassay using a human leptin RIA kit (Linco Research, St.
Charles, USA) as previously described for this laboratory
(20).

Genotyping

Genotyping was performed by the TaqMan assay as previ-
ously described (Applied Biosystems, Foster City, USA)
(23). Two polymorphisms in the β2-adrenergic receptors
(arginine/glycine substitution, Arg16Gly; and glutamine/
glutamate substitution, Gln27Glu) of the β2-adrenoceptor
gene were studied (6, 7). One polymorphism (tryptophan/
arginine substitution, Trp64Arg) of the β3-adrenoceptor gene
was also studied (10). 

For TaqMan assay of single-nucleotide polymorphisms
(SNPs) in the β2-adrenergic receptor gene, the following
probes were used: for Arg16Gly, CGCATGGCTTCC
ATTGGGTGC and CGCATGGCTTCTATTGGGTGC; and
for Gln27Glu, CTCGTCCCTTTCCTGCGTGACGT and
CTCGTCCCTTTGCTGCGTGACGT. The primers used for
both Arg16Gly and Gln27Glu were GGAACGGCAGCG
CCTTCT and CAGGACGATGAGAGACATGACGAT. For
the Trp64Arg SNP in the β3-adrenergic receptors, the probes
were TCTCGGAGTCCAGGCGATGGCCA and CTCGGA
GTCCGGGCGATGGCC, and the primers were GGAGGC
AACCTGCTGGTCAT and CACGAACACGTTGGTCAT
GGT.

Statistical Analysis

Genotype frequencies and Hardy-Weinberg equilibrium were

Table 2. Frequencies of Genotype and Alleles between Subjects with and without Significant BP Elevation and between Sub-
jects with and without Significant Weight Gain

Genotypes χ2 test for 3 genotypes* χ2 test for allele*

Arg16Gly, β2-adrenoceptor gene Arg16/Arg16 Arg16/Gly16 Gly16/Gly16
With BP elevation (n=27) 0 (0.0%) 11 (40.7%) 16 (59.3%) χ2=21.80, p<0.001  χ2=19.91, p<0.001
Without BP elevation (n=28) 10 (35.7%) 16 (57.1%) 2 (7.1%)

With weight gain (n=33) 3 (9.1%) 14 (42.4%) 16 (48.5%) χ2=10.76, p=0.005  χ2=9.18, p=0.002
Without weight gain (n=22) 7 (31.8%) 13 (59.1%) 2 (9.1%)

Gln27Glu, β2-adrenoceptor gene Gln27/Gln27 Gln27/Glu27 Glu27/Glu27
With BP elevation (n=27) 20 (74.1%) 7 (25.9%) 0 (0.0%) —, — [χ2=1.11, p=0.291]
Without BP elevation (n=28) 25 (89.3%) 3 (10.7%) 0 (0.0%)

With weight gain (n=33) 26 (78.8%) 7 (21.2%) 0 (0.0%) —, — [χ2=0.12, p=0.735]
Without weight gain (n=22) 19 (86.4%) 3 (13.6%) 0 (0.0%)

Trp64Arg, β3-adrenoceptor gene Trp64/Trp64 Trp64/Arg64 Arg64/Arg64
With BP elevation (n=27) 13 (48.1%) 12 (44.4%) 2 (7.4%) χ2=6.30, p=0.043  χ2=5.02, p=0.025
Without BP elevation (n=28) 22 (78.6%) 6 (21.4%) 0 (0.0%)

With weight gain (n=33) 17 (51.5%) 14(42.4%) 2 (6.1%) χ2=5.61, p=0.061  χ2=4.38, p=0.036
Without weight gain (n=22) 18 (81.8%) 4 (18.2%) 0 (0.0%)

*Between subjects with and without BP elevation or weight gain. BP elevation, subjects with significant mean BP elevation (≥10%)
over 5 years; weight gain, subjects with significant increases in body mass index (≥10%) over 5 years. Values in brackets show results
that the power of the performed test is below the desired power of 0.800. BP, blood pressure.
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estimated with the χ2 test. Values are shown as the mean±SD.
All data analyses were performed with SPSS 8.0 for Windows
programs (SPSS Inc., Chicago, USA). Changes in measured
parameters within each group and differences among groups
were examined by 2-way analysis of variance. When these
differences were significant, the Dunnett test was used to
determine whether the differences of the mean measured vari-
ables at entry and 5 years were significant within the groups
and among the groups compared with baseline. Relationships
between BP changes, hormonal measurements and anthropo-
metric measurements were assessed by multiple linear regres-
sions. Analysis of covariance was applied to evaluate the
interactions between plasma NE as a dependent variable and
leptin as an independent variable in alleles of β2- and β3-
adrenoceptor polymorphisms to compare the relationships
between those parameters. Values of p<0.05 were considered
significant.

Results

Prevalence of Weight Gain and Blood Pressure
Elevation over a 5-Year Period

Twenty-seven subjects had a significant BP elevation, and 33
obese subjects had significant weight gain over 5 years. Sev-
enteen obese subjects had both significant weight gain and BP
elevation, and 12 subjects had steady BP levels and weight
over 5 years (Table 1). The prevalence of BP elevation was
higher in obese subjects compared to nonobese subjects in our
previous study (25.6% in nonobese subjects, 49.1% in obese
subjects, χ2=4.35, p=0.037) (15).

Characteristics of the 4 Study Groups According
to Weight Gain and Blood Pressure Elevation

Obese normotensive subjects with a significant BP elevation
had greater total body fat-mass, waist-to-hip ratio, systolic BP
and plasma NE levels at entry and at 5 years, especially in
subjects with significant weight gain. Subjects who signifi-
cantly gained body weight (BMI), especially in the group
with a significant BP elevation, had significantly greater total
body fat-mass, waist-to-hip ratio, systolic, diastolic and mean
BP, and plasma NE levels at entry and at 5 years compared to
subjects who did not gain weight, but BMI and plasma leptin
levels at entry were similar. In subjects who had both signifi-
cant weight gain and BP elevation over 5 years, total body fat-
mass, waist-to-hip ratio, systolic, diastolic and mean BP lev-
els and plasma NE levels at entry and over a 5-year period
were greatest among the 4 study groups according to weight
gain and BP elevation (Table 1). Frequencies of smokers were
not different among the 4 study groups at entry and at the 5-
year period (Table 1).

When we performed multiple linear regression analysis
using changes in mean BP as a dependent variable, total body
fat-mass (p<0.05), waist-to-hip ratio (p<0.05) and plasma
NE (p<0.01) at entry were significant determinant variables
(r2=0.31, F=5.28, p=0.001).

Relationships between Genotypes of the β 2- and
β 3-Adrenoceptor Polymorphisms, Significant
Blood Pressure Elevation and Significant Weight
Gain

 

Obese normotensive subjects who had a significant BP eleva-
tion or significant weight gain carried higher frequencies of
the Gly16 allele of the Arg16Gly and Arg64 allele of the
Trp64Arg polymorphisms compared to those without a sig-

 

Table 3. Characteristics of Subjects According to Gly16 Allele

 

Variables
With Gly16 allele Without Gly16 allele

At entry At year 5 At entry At year 5

Subjects (

 

n

 

) 45 45 10 10
Smoker/non-smoker (

 

n

 

/

 

n

 

) 16/29 8/37 1/9 2/8
Age (years) 37

 

±

 

8 42

 

±

 

8

 

§

 

37

 

±

 

5 42

 

±

 

5

 

§

 

BMI (kg/m

 

2

 

) 27.4

 

±

 

2.0 30.0

 

±

 

2.1

 

§

 

27.7

 

±

 

2.2 28.4

 

±

 

2.6
Total body fat-mass (kg) 23.9

 

±

 

3.3* 26.8

 

±

 

3.7

 

†,‡

 

19.4

 

±

 

3.5 20.8

 

±

 

4.2
Waist-to-hip ratio 1.12

 

±

 

0.07* 1.18

 

±

 

0.08* 1.04

 

±

 

0.11 1.08

 

±

 

0.09
Systolic BP (mmHg) 130

 

±

 

6 142

 

±

 

7*

 

,‡

 

131

 

±

 

7 135

 

±

 

7
Diastolic BP (mmHg) 82

 

±

 

7 88

 

±

 

6*

 

,‡

 

80

 

±

 

8 82

 

±

 

6
Mean BP (mmHg) 98

 

±

 

6 106

 

±

 

7*

 

,‡

 

97

 

±

 

8 100

 

±

 

7
Heart rates (beats/min) 74

 

±

 

8 77

 

±

 

6* 73

 

±

 

9 72

 

±

 

5
Plasma norepinephrine (pmol/ml) 1.90

 

±

 

0.71 2.17

 

±

 

0.69 1.95

 

±

 

0.39 2.38

 

±

 

0.47
Plasma leptin (ng/ml) 6.3

 

±

 

2.6* 8.0

 

±

 

2.4

 

†,‡

 

4.7

 

±

 

1.3 5.4

 

±

 

1.8

Data are mean

 

±

 

SD. *

 

p

 

<

 

0.05, 

 

†

 

p

 

<

 

0.01 

 

vs

 

. values in subjects without Gly16 allele. 

 

‡

 

p

 

<

 

0.05, 

 

§

 

p

 

<

 

0.01 

 

vs

 

. value at entry. BMI, body mass
index; BP, blood pressure.
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nificant BP elevation or a significant weight gain (Table 2).
Those who had both weight gain and BP elevation had higher
frequencies of the Gly16 and Arg64 alleles compared to those
in subjects without either weight gain or BP elevation
(χ2=10.62, p=0.001, χ2=6.14, p=0.013, respectively). The
Glu27 allele, which was related only to BP elevation in our
previous report on nonobese subjects over a 5-year period
(14), was not linked to either significant weight gain or BP
elevation in obese normotensive subjects in the present study
(Table 2).

The allele frequencies of Gly16 and Glu27 of the β2-
adrenoceptor polymorphisms were 57.3% and 9.1%, and that
of Arg64 of the β3-adrenoceptor polymorphism was 20.0%,
but all studied loci allele and genotype frequencies were in
accordance with the Hardy-Weinberg equilibrium
(Arg16Gly, p=0.982; Gln27Glu, p=0.458; Trp64Arg,
p=0.866). The allele frequencies of Gly16, Glu27 and Arg64
in obese subjects were higher than those in our nonobese nor-
motensive cohort (15). The allele distributions for the Glu27
and the Arg64 in our subjects were similar to those in previ-
ous studies in Japanese cohorts, but lower than studies in Cau-
casians (6, 7, 10–13, 24, 25).

Relationships between the Gly16 Allele of the β 2-
Adrenoceptor Polymorphisms, the Arg64 Allele
of the β 3-Adrenoceptor Polymorphisms, Plasma
Norepinephrine and Leptin

 

The findings in the relationships between frequencies of the
Gly16 and Arg64 alleles, BP elevations and weight gain sug-
gest that the Gly16 and Arg64 alleles relate to BP elevation or
weight gain in obese normotensive subjects. Thus, we com-
pared the parameters between subjects with and without the
Gly16 and Arg64 alleles.

Obese subjects who carried the Gly16 allele had signifi-

cantly greater total body fat-mass, waist-to-hip ratio and
plasma leptin levels at entry and at year 5 compared to those
without the Gly16 allele, but the BMI and plasma NE levels
were similar between the two groups (Table 3). Subjects who
carried the Arg64 allele had significantly greater total body
fat-mass, waist-to-hip ratio, systolic BP, heart rates, and
plasma NE levels at both entry and year 5 compared to those
without the Arg64 allele, but the BMI and plasma leptin lev-
els were similar between the two groups (Table 4).

 

Relationships between Plasma Leptin and Nor-
epinephrine Levels

 

Plasma NE levels at entry correlated significantly with
plasma leptin levels in subjects with the Gly16 allele (

 

r

 

=0.32,

 

F

 

=4.29, 

 

p

 

=0.045) and those without the Gly16 allele
(

 

r

 

=0.78, 

 

F

 

=12.71, 

 

p

 

=0.007) (Fig. 1A). These correlations
were also observed in subjects with the Arg64 allele (

 

r

 

=0.52,

 

F

 

=6.81, 

 

p

 

=0.018) and those without the Arg64 allele
(

 

r

 

=0.47, 

 

F

 

=9.28, 

 

p

 

=0.005) (Fig. 1B). The slope in subjects
carrying the Gly16 allele at entry tended to be lower com-
pared to that in subjects without the Gly16 allele (

 

F

 

=2.06,

 

p

 

=0.0516) (Fig. 1A), whereas that in subjects carrying the
Arg64 allele was similar to that in subjects without the Arg64
allele (

 

F

 

=0.35, 

 

p

 

=0.7269) (Fig. 1B). The correlations
between plasma leptin and NE levels over a 5-year period
were similar to those at entry.

 

Discussion

 

The present longitudinal study over a 5-year period shows
that the Arg64 allele of Trp64Arg of the 

 

β

 

3-adrenoceptor
gene has a substantial influence on future BP elevation, fur-
ther weight gain and weight gain–induced BP elevations in
originally overweight or obese (BMI

 

≥

 

25 kg/m

 

2

 

) (

 

17

 

, 

 

18

 

) nor-

 

Table 4. Characteristics of Subjects According to Arg64 Allele

 

Variables
With Arg64 allele Without Arg64 allele

At entry At year 5 At entry At year 5

Subjects (

 

n

 

) 20 20 35 35
Smoker/non-smoker (

 

n

 

/

 

n

 

) 6/14 3/17 11/24 7/28
Age (years) 37

 

±

 

7 42

 

±

 

7

 

§

 

37

 

±

 

9 42

 

±

 

9

 

§

 

BMI (kg/m

 

2

 

) 28.0

 

±

 

2.7 30.4

 

±

 

2.9

 

‡

 

27.4

 

±

 

2.1 29.3

 

±

 

2.9
Total body fat-mass (kg) 24.9

 

±

 

3.8

 

†

 

28.2

 

±

 

3.9

 

†,‡

 

21.9

 

±

 

3.6 24.3

 

±

 

3.9

 

‡

 

Waist-to-hip ratio 1.16

 

±

 

0.09* 1.23

 

±

 

0.08

 

†,‡

 

1.07

 

±

 

0.09 1.09

 

±

 

0.10
Systolic BP (mmHg) 134

 

±

 

5* 151

 

±

 

8

 

†,§

 

128

 

±

 

6 135

 

±

 

8
Diastolic BP (mmHg) 81

 

±

 

6 89

 

±

 

7

 

‡

 

81

 

±

 

6 86

 

±

 

7
Mean BP (mmHg) 99

 

±

 

6 109

 

±

 

8*

 

,§

 

97

 

±

 

6 102

 

±

 

7
Heart rates (beats/min) 79

 

±

 

8* 80

 

±

 

9* 71

 

±

 

7 74

 

±

 

9
Norepinephrine (pmol/ml) 2.30

 

±

 

0.54

 

†

 

2.61

 

±

 

0.56

 

†,‡

 

1.71

 

±

 

0.65 1.94

 

±

 

0.64
Leptin (ng/ml) 5.8

 

±

 

1.9 7.0

 

±

 

2.5

 

‡

 

6.1

 

±

 

2.6 8.0

 

±

 

2.5

 

‡

 

Data are mean

 

±

 

SD. *

 

p

 

<

 

0.05, 

 

†

 

p

 

<

 

0.01 

 

vs

 

. values in subjects without Arg64 allele. 

 

‡

 

p

 

<

 

0.05, 

 

§

 

p

 

<

 

0.01 

 

vs

 

. value at entry. BMI, body mass
index; BP, blood pressure.
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motensive (BP<140/90 mmHg) men. It should be noted that
the 

 

β

 

3-adrenoceptor polymorphisms are linked to both weight
gain and BP elevation in obese subjects, although it is related
to only BP elevation in nonobese subjects, as previously
reported (

 

15

 

). Further, the subjects carrying the Arg64 allele
originally have a high total body fat-mass, high waist-to-hip
ratio (greater abdominal obesity) and heightened sympathetic
nerve activity, as seen in patients with high plasma NE. These

findings demonstrate that the Arg64 allele of Trp64Arg of the

 

β

 

3-adrenoceptor polymorphism, which is associated with
high plasma NE, is important for BP elevation, weight gain,
and weight gain–related BP elevations (obesity-related hyper-
tension) as well as original abdominal obesity in obese sub-
jects. The Gly16 allele of the Arg16Gly polymorphism of the

 

β

 

2-adrenoceptor gene also had effects on BP elevation and
weight gain in the obese group, which were similar to its

 

Fig. 1.

 

A: Correlations between plasma leptin levels at entry as an independent variable and plasma norepinephrine levels as a
dependent variable in subjects with and without Gly16 allele of the 

 

β

 

2-adrenoceptor gene. The slopes in subjects carrying the
Gly16 allele tended to be lower compared to that without the Gly16 allele. B: Correlations between plasma leptin levels at entry
as an independent variable and plasma norepinephrine levels as a dependent variable in subjects with and without Arg64 allele
of the 

 

β

 

3-adrenoceptor gene. The slopes were similar between subjects with and without the Arg64 allele.
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effects in nonobese subjects, but which in obese subjects were
accompanied by high leptin levels and blunted 

 

β

 

2-adrenocep-
tor function.

The 

 

β

 

3-adrenoceptor function is important in mediating the
stimulation of lipolysis by catecholamines in white adipose
tissue. The decreased function of the receptor could lead to
diminished lipolysis and result in the development of obesity
(

 

9

 

–

 

11

 

). There are observations in a Japanese population that
subjects homozygous for Arg64 had a greater BMI and per-
cent fat-mass than those homozygous for Trp64 (

 

10

 

, 

 

12

 

).
Clement 

 

et al. (9) found that obese subjects carrying Arg64
had an increased capacity for weight gain. These observations
demonstrate the strong relationship of the Arg64 allele of
Trp64Arg with obesity; however, other investigators (13, 14)
have found no relationships between the β3-adrenoceptor
polymorphisms and obesity. The findings on the relations of
the β3-adrenoceptor polymorphisms and obesity are thus dis-
cordant. In addition, several studies have directly assessed the
functional properties of the Trp64Arg, β3-adrenoceptor poly-
morphisms. Umekawa et al. (26) have shown that the Arg64
allele deteriorates lipolysis induced by a β3-adrenoceptor
agonist in omental adipocytes, but other investigators found
no differences in the lipolysis rate between those with and
without the Arg64 allele in Caucasian people (27) and
in Pima Indians (28). Thus, the function of the Arg64
allele of the β3-adrenoceptor polymorphisms also remains
controversial.

It has been well documented that weight gain leads to BP
elevation (1, 20, 21), but there have been few investigations
on the association between β3-adrenoceptor polymorphisms
such as Trp64Arg and hypertension in obese subjects (15,
25). Thus, the present study is one of the first to investigate
the associations of the β3-adrenoceptor polymorphisms with
weight gain and BP elevation while taking into account the
plasma NE and leptin levels. The findings show strong asso-
ciations in the Arg64 allele of the Trp64Arg in relation to
weight gain, BP elevation, and weight gain–induced BP ele-
vation accompanied by high NE. Additionally, an earlier
showed that the Trp64Arg polymorphism is related to
increased sensitivity to the pressure effects of NE (29). Thus,
future weight gain and BP elevation might be caused by the
Arg64 allele of the β3-adrenoceptor polymorphism through
the following mechanisms: blunted β3-adrenoceptor function
and resultant lower metabolic rates through sympathetic
nerve activity producing future weight gain and increased
sensitivity to pressure effects of NE resulting in BP elevations
in the future.

Fujisawa et al. (25) have reported that the allele frequency
of Arg64 of Trp64Arg was similar between nonobese normo-
tensive and hypertensive subjects. Our previous study in non-
obese, normotensive men showed that the Arg64 allele of
Trp64Arg is associated with a significant BP elevation, but
not with weight gain (15). Krief et al. (30) observed that the
β3-adrenoceptor mRNA levels were higher in visceral fat and
lower in subcutaneous fat in humans, indicating that fat distri-

butions might be important for the β3-adrenoceptor function.
Further, Alvarez et al. (31, 32) observed that visceral obesity,
but not subcutaneous obesity, is associated with heightened
sympathetic nerve activity. In the present study on obese sub-
jects, we observed significantly greater waist-to-hip ratios,
total body fat-mass and plasma NE levels in subjects carrying
the Arg64 allele than in those without the Arg64 allele, but
there was no difference in nonobese subjects (15). The find-
ings suggest that the Arg64 allele might link to abdominal
obesity associated with heightened sympathetic nerve activ-
ity, especially in obese subjects who have an increased capac-
ity to gain weight, as previously reported (9, 11). Thus, the
relationship between the Arg64 allele and weight gain
(obesity) may have differed between obese subjects and non-
obese subjects because of a difference in the original degree
of abdominal obesity associated with sympathetic nerve
activity.

Leptin, an adipocytes-derived hormone, is important for
weight loss because it reduces appetite and food intake and
increases energy expenditure through sympathetic stimula-
tion of brown adipose tissue (33, 34). Leptin resistance, which
is defined as an impairment of the action of leptin and is often
accompanied by hyperleptinemia, is a common feature of
obesity (35). Experimental results have shown that chronic
systemic and intra-cerebral administration of leptin increases
BP in animal models (36, 37), suggesting that leptin resis-
tance selectively affects the metabolic actions of leptin, but
spares leptin-mediated sympathetic activation (35). It should
be noted that the significant relationships observed between
plasma leptin and NE (sympathetic nerve activity) in the
present study differed according to the β-adrenoceptor poly-
morphisms (alleles) present. Obese subjects carrying the
Gly16 allele of Arg16Gly of the β2-adrenoceptor gene had
higher plasma leptin levels throughout the study and a lower
slope between plasma leptin and NE levels, whereas the
slopes were similar between those with and without the
Arg64 allele of the β3-adrenoceptor gene. The findings dem-
onstrate that the subjects carrying the Gly16 allele could have
leptin resistance as well as blunted leptin-mediated plasma
NE responses (sympathetic nerve activation). Further, the
Gly16 allele has been described as a down-regulator of β2-
adrenoceptor function (15, 38–41). Thus, we could propose
that a blunted β2-adrenoceptor function (15) and leptin resis-
tance might be possible mechanisms in weight gain and BP
elevation in obese subjects carrying the Gly16 allele of
Arg16Gly, β2-adrenoceptor polymorphisms.

Many epidemiological studies have concluded that obese
subjects have a high prevalence of hypertension. The associa-
tions of polymorphisms linked to insulin resistance (42–45)
or the renin-angiotensin system (46, 47) with hypertension
and/or obesity have been investigated. Although several pre-
vious studies have described associations between the β2- and
β3-adrenoceptor polymorphisms and hypertension in obesity,
few studies have taken into account both variables, sympa-
thetic nerve activity and leptin, both of which have been



958 Hypertens Res Vol. 29, No. 12 (2006)

shown to play a role in obesity, in the same design (15). The
strength of the present study was the use of a longitudinal
design to evaluate the associations among these polymor-
phisms, sympathetic nerve activity, and BP elevation in obe-
sity and thereby help to clarify the mechanisms of obesity-
related hypertension, because not all obese subjects have
hypertension. Thus, we studied originally obese, but normo-
tensive subjects in a longitudinal study. The findings showed
that the Arg64 allele of the Trp64Arg, β3-adrenoceptor poly-
morphism was associated with weight gain, BP elevations
and weight gain–induced BP elevations accompanied with
high plasma NE over a 5-year period. The Gly16 allele of the
Arg16Gly, β2-adrenoceptor polymorphism was also linked to
further weight gain and BP elevation accompanied by leptin
resistance in obese normotensive subjects. Our observations
might be important to understand the mechanisms of obesity-
related hypertension, and help to explain why not all obese
subjects have hypertension.

References

1. Hubert HB, Feinleib M, McNamara PM, Castelli WP: Obe-
sity as an independent risk factor for cardiovascular disease:
a 26-year follow-up of participants in the Framingham
Heart Study. Circulation 1983: 67: 969–977.

2. Manton KG: The global impact of noncommunicable dis-
ease: estimates and projections. World Health Stat Q 1988;
41: 255–266.

3. Cui J, Hopper JL, Harrap SB: Genes and family environ-
ment explain correlations between blood pressure and body
mass index. Hypertension 2002; 40: 7–12.

4. Masuo K, Mikami H, Ogihara T, Tuck ML: Familial hyper-
tension, insulin, sympathetic activity, and blood pressure
elevation. Hypertension 1998; 32: 96–100.

5. Masuo K, Mikami H, Ogihara T, Tuck ML: Familial obe-
sity, sympathetic activation and blood pressure level. Blood
Press 2001; 10: 199–204.

6. Kato N, Sugiyama T, Morita H, et al: Association analysis
of β2-adrenergic receptor polymorphisms with hyperten-
sion in Japanese. Hypertension 2001; 37: 286–292.

7. Pereira AC, Floriano MS, Mota GF, et al: β2 adrenoceptor
functional gene variants, obesity, and blood pressure level
interactions in the general population. Hypertension 2003:
42: 685–692.

8. van Rossum CT, Hoebee B, Seidell JC, et al: Genetic fac-
tors as predictors of weight gain in young adult Dutch men
and women. Int J Obes Relat Metab Disord 2002; 26: 517–
528.

9. 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.

10. Oizumi T, Daimon M, Saitoh T, et al: Genotype Arg/Arg,
but not Trp/Arg, of the Trp64Arg polymorphism of the β3-
adrenergic receptor is associated with type 2 diabetes and
obesity in a large Japanese sample. Diabetes Care 2001; 24:
1579–1583.

11. Strazzullo P, Iacone R, Siani A, et al: Relationship of the

Trp64Arg polymorphism of the beta3-adrenoceptor gene to
central adiposity and high blood pressure: interaction with
age. Cross-sectional and longitudinal findings of the
Olivetti Prospective Heart Study. J Hypertens 2001; 19:
399–406.

12. Kurokawa N, Nakai K, Kameo S, Liu ZM, Satoh H: Associ-
ation of BMI with the beta3-adrenergic receptor gene poly-
morphism in Japanese: meta-analysis. Obesity Res 2001; 9:
741–745.

13. Buettner R, Schaffler A, Arndt H, et al: The Try64Arg
polymorphism of the β3-adrenergic receptor gene is not
associated with obesity or type 2 diabetes mellitus in a large
population−based Caucasian cohort. J Clin Endocrinol
Metab 1998; 83: 2892–2897.

14. Gagnon J, Mauriege P, Roy S, et al: The Trp64Arg muta-
tion of the β3 adrenergic receptor gene has no effect on obe-
sity phenotypes in the Quebec Family Study and Swedish
Obese Subjects cohorts. J Clin Invest 1996; 98: 2086–2093.

15. Masuo K, Katsuya T, Fu Y, Rakugi H, Ogihara T, Tuck
ML: β2- and β3-adrenergic receptor polymorphisms are
related to the onset of weight gain and blood pressure eleva-
tion over 5 years. Circulation 2005; 111: 3429–3434.

16. Porto PI, Garcia SI, Dieuzeide G, Gonzalez C, Landa MS,
Pirola CJ: Clinical features of the metabolic syndrome in
adolescents: minor role of the Trp64Arg β3-adrenergic
receptor gene variant. Pediatr Res 2004; 55: 836–841.

17. WHO Expert Consultation: Appropriate body-mass index
for Asian populations and its implications for policy and
intervention strategies. Lancet 2004; 363: 157–163.

18. Kanazawa M, Yoshiike N, Osaka T, Numba Y, Zimmet P,
Inoue S: Criteria and classification of obesity in Japan and
Asia-Oceania. Asia Pac J Clin Nutr 2002; 11 (Suppl 8):
S732–S737.

19. Masuo K, Katsuya T, Kawaguchi H, et al: Rebound weight
gain as associated with high plasma norepinephrine levels
that are mediated through polymorphisms in the β2-adreno-
ceptor. Am J Hypertens 2005; 18: 1508–1516.

20. Masuo K, Kawaguchi H, Mikami H, Ogihara T, Tuck ML:
Serum uric acid and plasma norepinephrine concentrations
predict subsequent weight gain and blood pressure eleva-
tion. Hypertension 2003; 42: 474–480.

21. Masuo K, Mikami H, Ogihara T, Tuck ML: Weight gain−
induced blood pressure elevation. Hypertension 2000; 35:
1135–1140.

22. Masuo K, Mikami H, Ogihara T, Tuck ML: Sympathetic
nerve hyperactivity precedes hyperinsulinemia and BP ele-
vation in a young, nonobese Japanese population. Am J
Hypertens 1997; 10: 77–83.

23. Ranade K, Chang MS, Ting CT, et al: High-throughput
genotyping with single nucleotide polymorphisms. Genome
Res 2001; 11: 1262–1268.

24. Kawamura T, Egusa G, Fujikawa R, Okubo M: Gln27Glu
variant of the beta2-adrenergic receptor gene is not associ-
ated with obesity and diabetes in Japanese-Americans.
Metabolism 2001; 50: 443–446.

25. 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.

26. Umekawa T, Yoshida T, Sakane N, Kogure A, Kondo M,



Kawaguchi et al: Mechanisms of Blood Pressure Elevation in Obesity 959

Honjyo H: Trp64Arg mutation of beta3-adrenoceptor gene
deteriorates lipolysis induced by beta3-adrenoceptor agonist
in human omental adipocytes. Diabetes 1999; 48: 117–120.

27. Li LS, Lonnqvist F, Luthman H, Arner P: Phenotypic char-
acterization of the Trp64Arg polymorphisms in the beta3-
adrenergic receptor gene in normal weight and obese sub-
jects. Diabetologia 1996; 39: 857–860.

28. Tataranni PA, Pratley R, Shuldiner A, Ravussin E: Beta3-
adrenergic receptor gene variant and lipid metabolism in
Pima Indians. Diabetologia 1997; 40: 123–124.

29. Melis MG, Secchi G, Brizzi P, Severino C, Maioli M,
Tonolo G: The Trp64Arg beta3-adrenergic receptor amino
acid variant confers increased sensitivity to the pressor
effects of noradrenaline in Sardinian subjects. Clin Sci
(Lond) 2002; 103: 398–402.

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

31. Alvarez GE, Beske SD, Ballard TP, Davy KP: Sympathetic
neural activation in visceral obesity. Circulation 2002; 106:
2533–2536.

32. Alvarez GE, Ballard TP, Beske SD, Davy KP: Subcutane-
ous obesity is not associated with sympathetic neural activa-
tion. Am J Physiol Heart Circ Physiol 2004; 287: H414–
H418.

33. Halaas JL, Gajiwala KS, Maffei M, et al: Weight-reducing
effects of the plasma protein encoded by the obese gene.
Science 1995; 269: 543–546.

34. Haynes WG, Morgan DA, Walsh SA, Mark AL, Sivitz WI:
Receptor-mediated regional sympathetic nerve activation
by leptin. J Clin Invest 1997; 100: 270–278.

35. Correia ML, Haynes WG: Obesity-related hypertension: is
there a role for selective leptin resistance? Curr Hypertens
Rep 2004; 6: 230–235.

36. Shek EW, Brands MW, Hall JE: Chronic leptin infusion
increases arterial pressure. Hypertension 1998; 31: 409–
414.

37. Correia ML, Morgan DA, Sivitz WI, Mark AL, Haynes
WG: Leptin acts in the central nervous system to produce

dose-dependent changes in arterial pressure. Hypertension
2001; 37: 936–942.

38. Green SA, Turki J, Innis M, Liggett SB: Amino-terminal
polymorphisms of the human β2-adrenergic receptor impart
distinct agonist-promoted regulatory properties. Biochemis-
try 1994; 33: 9414–9419.

39. Large V, Hellstrom L, Reynisdottir S, et al: Human beta-2
adrenoceptor gene polymorphisms are highly frequent in
obesity and associate with altered adipocyte beta-2 adreno-
ceptor function. J Clin Invest 1997; 100: 3005–3013.

40. Gratze G, Fortin J, Labugger R, et al: β2-Adrenergic recep-
tor variants affect resting blood pressure and agonist-
induced vasodilation in young adult Caucasians. Hyperten-
sion 1999; 33: 1425–1430.

41. Cockcroft JR, Gazis AG, Cross DJ, et al: β2-Adrenoceptor
polymorphism determines vascular reactivity in humans.
Hypertension 2000; 36: 371–375.

42. Nishina M, Kikuchi K, Yamazaki H, Kameda K, Hiura M,
Uchiyama M: Relationship among systolic blood pressure,
serum insulin and leptin, and visceral fat accumulation in
obese children. Hypertens Res 2003; 26: 281–288.

43. Ikegami H, Yamato E, Fujisawa T, et al: Analysis of candi-
date genes for insulin resistance in essential hypertension.
Hypertens Res 1996; 19 (Suppl 1): S31–S34.

44. Fujioka Y, Takekawa K, Nakagawa Y, et al: Insulin recep-
tor gene polymorphism and hyperinsulinemia in hyperten-
sive patients. Hypertens Res 1995; 18: 215–218.

45. Masuo K, Katsuya T, Fu Y, Rakugi H, Ogihara T, Tuck
ML: Beta2-adrenoceptor polymorphisms relate to insulin
resistance and sympathetic overactivity as early markers of
metabolic disease in nonobese, normotensive individuals.
Am J Hypertens 2005; 18: 1009–1014.

46. Sugimoto K, Katsuya T, Ohkubo T, et al: Association
between angiotensin II type 1 receptor gene polymorphism
and essential hypertension: the Ohasama Study. Hypertens
Res 2004; 27: 551–556.

47. Katsuya T, Ishikawa K, Sugimoto K, Rakugi H, Ogihara T:
Salt sensitivity of Japanese from the viewpoint of gene
polymorphisms. Hypertens Res 2003; 26: 521–525.


