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nique, where the imaging time is reduced by a factor
equal to the number of coils used (16, 17). Applica-
tion of this technique to contrast-enhanced carotid
MRA has already been reported (18).

In this study, we assessed whether CE MRA with
3D data acquisition by using parallel imaging as well
as an efficient method of k-space sampling might be
useful in the postoperative assessment of EC-IC by-
pass, by providing images comparable to those ob-
tained in conventional 3D-time-of-flight (TOF) MRA
and digital subtraction angiography (DSA).

Methods

We obtained CE-MRA images from 17 consecutive patients
referred to us for MR imaging following EC-IC bypass during
a 2-year period. The subjects consisted of 7 men and 10 women
aged 23-74 years (mean age, 51.2 years). Of these patients, 13
had undergone superficial temporal artery (STA)-middle ce-
rebral artery (MCA) anastomosis for MCA disease (n = 8),
internal carotid artery (ICA) disease (n = 2), or Moyamoya
disease (n = 3), 3 had undergone external carotid artery
(ECA)-MCA anastomosis for ICA disease by using a radial
artery graft, and one had undergone extracranial vertebral
artery (VA)-posterior cerebral artery (PCA) anastomosis by
using a radial artery graft for bilateral occlusion of the vertebral
arteries due to dissection and its therapy. The interval between
surgery and the MR study ranged from 2 days to 4 years and 10
months (mean, 15.1 months).

On a 1.5T imaging system, in addition to obtaining conven-
tional T1-weighted, T2-weighted, and fluid-attenuated inver-
sion recovery (FLAIR) images, and MR angiograms by using a
3D-TOF technique, we also performed CE MRA by using a 3D
fast field-echo sequence in conjunction with a parallel imaging
technique and segmented k-space sampling technique. For the
parallel imaging technique, we employed a 5-channel array coil
with a time reduction factor of 2.0. As described in detail
elsewhere (19), for the segmented k-space sampling technique,
we divided the k-space into 6 segments and acquired data from
the central part and one of the remaining 5 segments alternate-
ly—that is, after collecting the data from the central segment,
the data from the remaining 5 segments were collected, starting
with the closest one. The accumulated data were then recon-
structed as one image. This technique allowed the speed of
data collection to be trebled as compared with that in the
conventional methods of reconstruction. In all the patients in
this series, the scanning was conducted in the coronal plane, by
placing a section centered at the postoperative site as visualized
in the precontrast MR images. The other imaging parameters
were as follows: TR/TE/excitations, 3.1/0.9/1; flip angle, 20°
imaging matrix, 128 X 256; field of view, 26 X 28 cm; partition
thickness, 7.5 mm; number of partitions, 10 (section thickness,
75 mm). No interpolation was done in postprocessing. At the
start of the scanning, 7 mL of gadolinium was injected via the
antecubital vein at the rate of 3 mL/s, followed by 15 mL of
saline for flushing, by using a power injector. The postprocess-
ing that involved maximum-intensity projection of the acquired
data, obtained after subtracting a set of source images in the
early phase from subsequent sets, and gray-scale reversal usu-
ally took <15 minutes. For 3D-TOF MRA used in comparison,
we performed image reconstruction without employing tar-
geted maximum-intensity projection.

Visual assessment of the CE-MRA images from all of the 17
patients was performed, and the visualized images of the bypass
on both the CE-MRA images and 3D-TOF MR angiograms
were scored on a 3-point scale as follows: 2 = good; 1 = fair;
and 0 = poor. A score of 2 was assigned when the anastomosis
and secondary or more distal branches of the recipient vessels
connected to the anastomosis or graft artery could be demon-
strated. A score of 1 was assigned when the anastomosis and
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only recipient branches immediately distal to the anastomosis
or graft artery could be demonstrated. A score of 0 was as-
signed when neither the anastomosis nor any of the recipient
branches could be visualized. As we assessed both EC and IC
postoperative vessels, it was difficult to include a precise con-
trol group in this study for comparison. In 6 patients, we also
assessed conventional DSA images obtained within one month
after the MR study in terms of the visualization of the bypass
flow. All the CE-MRA images and MR angiograms were re-
viewed by 2 radiologists in a blinded fashion to the finally
assessed status of the bypass surgery and/or the findings in the
conventional DSA images. In cases whose conventional DSA
was not available, we used 3D-TOF MR angiograms as the
standard determining the conditions of the bypass by compar-
ison with the corresponding EC and IC vessels on the contralat-
eral side. In cases of disagreement in the assessment of any of
the angiograms, the final judgment was reached by consensus.
Interobserver concordance of the review of the 3 kinds of
angiograms between the 2 readers was evaluated by the kappa
test.

Results

The CE-MRA and 3D-TOF MR angiographic im-
ages were not degraded by patient motion or techni-
cal failure in any of the patients and were rated as
being of good diagnostic quality. A temporal resolu-
tion of 0.8 s/frame was obtained with our CE-MRA
technique, which was twice that obtained with the
CE-MRA technique employed before the introduc-
tion of the parallel imaging technique.

At the initial assessment, the 2 readers’ ratings
agreed in 16 (94%) patients with a kappa value of
0.77 (substantial reproducibility), in 14 (82%) pa-
tients with a kappa value of 0.58 (moderate reproduc-
ibility), and in 6 (100%) patients with a kappa value of
1.00 (perfect reproducibility) in the assessment of
CE-MRA images, 3D-TOF MR angiograms, and con-
ventional DSA images, respectively.

Of the 16 patients who underwent STA- or ECA-
MCA bypass surgery, the patency of the anastomosis
was visualized on the CE-MRA images in all the
patients, except in one whose surgery had been per-
formed at another institution. His CE MRA demon-
strated failure of surgery, which was first suspected on
3D-TOF MR angiograms. In all of the remaining 15
patients who had successful STA- or ECA-MCA by-
pass surgery, CE MRA demonstrated flow from the
parent artery to M2 or more distal branches. In the
ratings of these 15 patients, CE MRA was rated
better than 3D-TOF MRA in 12 patients, whereas it
was rated as being equally efficient in 3 patients. In
the former group of 12 patients, CE MRA allowed
visualization of the distal M2 branches and their flow
dynamics could be compared with that on the con-
tralateral side (Fig 1). In the patient who had VA-
PCA bypass surgery, CE MRA provided better visu-
alization of the flow to the bilateral PCAs and even to
the distal basilar artery than 3D-TOF MR angio-
grams. Overall, CE MRA allowed better visualization
of the postoperative bypass than 3D-TOF MRA in 13
patients (76%), whereas the 2 methods were equally
efficient in 4 patients (24%). The rating of CE MRA
corresponded to that of conventional angiography in
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all of the 6 patients who underwent both the imagings
(Fig 2).

Discussion

Postoperative EC-IC bypass is required not only to
be patent, but also to provide sufficient blood flow to
hypoperfused areas. As stated above, conventional
angiography, MRA and CT angiography have been
employed in the postoperative assessment of bypass
grafts and the distal blood supply. Ultrasonography
has also been used for the assessment, both intraop-
eratively and postoperatively (20, 21). Until now, sin-
gle-photon emission CT or positron-emission tomog-
raphy and perfusion study by MR imaging or CT have
been considered as the most suitable techniques for
the assessment of cerebral blood flow through a by-
pass graft. It has been believed that MR imaging with
diffusion-weighted scanning is of greater value than
CT to diagnose early postoperative lesions, including
new infarction related to technical failure or homo-
dynamic changes and multifocal hemorrhage with ce-
rebral edema due to normal perfusion pressure
breakthrough.

Our results indicated that CE MRA may be at least
as useful as 3D-TOF MRA, if not of greater value, for
the anatomic evaluation of EC-IC bypasses. Despite
the limited number of cases in this study, the findings
on CE-MRA images corresponded to those on con-
ventional DSA images in terms of visualization of the
branches distal to the anastomosis. These features of
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Fig 1. A 57-year-old man 7 months
after STA-MCA anastomosis for stenosis
of the right MCA.

A, 3D-TOF MR angiogram shows
patent anastomosis between the 2 STA
branches and distal branches of the right
MCA (M2).

B-D, Selected frames of CE MRA
show corresponding findings. Flow to
the distal parts of the M2 branches Is
better demonstrated in these images
than by MRA.

CE MRA are considered to be especially advanta-
geous, because the imaging can be performed in com-
bination with MR imaging, including diffusion-
weighted imaging, with only the minimal invasiveness
associated with the injection of gadolinium.

We consider that our results owe much to technical
aspects of our CE-MRA scanning technique. CE
MRA can be performed with either 2D or 3D data
acquisition. In previous reports, 2D sequences have
been employed, with excellent temporal resolution,
whereas 3D techniques, which are widely used in
time-resolved MRA of other regions of the body,
were scarcely employed for the brain, mainly because
of the rapid intracranial circulation time. Despite 3D
data acquisition, however, we could still achieve a
temporal resolution of as good as 0.8 s/frame, by using
parallel imaging in combination with the segmented
k-space sampling technique. In-plane spatial resolutions
for the 2 MR techniques were 2.0 X 1.1 mm for time-
resolved, CE MRA and 1.0 X 0.8 mm for 3D-TOF
MRA. Although these in-plane sizes of pixels and the
partition thickness (5 mm) were not so small, we
could still clearly visualize the anastomoses, which are
only a few millimeters in diameter, as well as their
fine distal branches by our CE MRA. We believe that
the maximum-intensity-projection, which effectively
increases the signals from vessels containing gadolin-
ium in the postprocessing of the 3D data set in CE
MRA, was effective for good visualization of the
small arterial branches despite lower spatial resolu-
tion when compared with 3D-TOF MRA. In addition,
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Fic 2. A 43-year-old woman 3 weeks after EC-MCA anastomosis by using a radial-artery graft for occlusion of the right ICA for

treatment of a large ICA aneurysm.
A, 3D-TOF MR angiogram shows a patent radial artery graft and distal MCA branches. Note that the more distal MCA branches cannot

be fully visualized due fo the limited section thickness.
B, Conventional DSA images confirm the patent anastomosis and good distal flow.
C-E, Selected frames of CE MRA show corresponding findings.

we consider that images of multiple phases of CE
MRA allowed clear visualization even when the blood
flow through a bypass route was rather slow.

The size of the field of view that we selected was
the smallest allowed by our hardware and sequence.
This resulted in a rather large voxel size, as stated
above. The field of view, however, enabled us to
visualize long bypasses, such as an EC-MCA anasto-
mosis by using a radial-artery graft, for their entire
length (Fig 2). This is another advantage of CE MRA
over 3D-TOF MRA, which is generally limited by the
section thickness. In addition, with our protocol of
injecting 7 mL of gadolinium for a single scan, it is
possible to perform CE MRA in an additional plane
if indicated. Actually, in 2 patients in this series, we
additionally obtained sagittal CE-MRA images, the
image quality of which was the same as that of the
initial coronal scans. This is probably because, due to

subtraction, gadolinium injected for the initial scan
does not degrade images of the second scan.

Because our techhnique provides serial images with
good temporal resolution, their pixel-by-pixel analy-
sis, similar to that in perfusion imaging performed by
using the dynamic susceptibility contrast technique,
may provide quantitative hemodynamic information
from the scanned area. This is currently being inves-
tigated at our institution.

Conclusion

For postoperative evaluation of EC-IC bypasses,
CE MRA can be performed with minimal invasive-
ness and a short examination time in addition to MR
imaging, which can sensitively assess changes in the
brain parenchyma. CE MRA by using the parallel
imaging technique as well as the segmented k-space
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sampling technique is effectively used to assess pa-
tency of EC-IC bypasses.

10.
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B,- and B;-Adrenergic Receptor Polymorphisms Are Related
to the Onset of Weight Gain and Blood Pressure
Elevation Over 5 Years

Kazuko Masuo, MD, PhD; Tomohiro Katsuya, MD, PhD; Yuxiao Fu, MD; Hiromi Rakugi, MD, PhD;
Toshio Ogihara, MD, PhD; Michael L. Tuck, MD

Background—The genes responsible for obesity are candidate genes for obesity-related diseases, such as hypertension.
Functional polymorphisms in the B,- and Bs-adrenergic receptors have been reported to be associated with hypertension
and obesity.

Methods and Results—To longitudinally clarify the relevance to altérations in B-adrenergic receptor polymorphisms
related to weight gain, blood pressure (BP) elevation, and sympathetic nerve activity as measured by plasma
norepinephrine level, we studied 160 young, nonobese, normotensive men. Changes in body weight, BP, plasma
norepinephrine levels, and B,-adrenergic (Arg16Gly, GIn27Glu) and Bs-adrenergic (Trp64Arg) receptor polymorphisms
were measured periodically over a 5-year period. Weight gain and BP elevation were defined as =10% increases from
entry levels over 5 years in body mass index or mean BP. The presence of the Gly16 allele of Arg16Gly was associated
with a higher frequency of weight gain and BP elevation over the 5-year period. The subjects carrying the Glu27 allele
of GIn27Glu and the Trp64 allele of Trp64Arg had a higher frequency of BP elevation. Significantly higher levels of
plasma norepinephrine at entry and at year 5 were observed in the subjects with the Gly16 allele of Argl6Gly and the
Glu27 allele of GIn27Glu compared with those without the Gly16 or the Glu27 alleles.

Conclusions—These results demonstrate that the Glyl6 allele is related to greater weight gain and BP elevation.
Additionally, Glu27 and Trp64 alleles are linked to BP elevation. The subjects carrying the B,-polymorphisms linked
to weight gain and BP elevation also have higher plasma norepinephrine levels that are present at entry before weight
gain and BP elevation. These findings suggest that B,-adrenergic receptor polymorphisms in association with a
heightened sympathetic nerve activity could predict the future onset of obesity and hypertension, as shown in the 5-year
longitudinal study. (Circulation. 2005;111:3429-3434.)

Key Words: hypertension @ norepinephrine @ obesity

besity and obesity-related cardiovascular disease are a

rapidly growing public health problem,' and there is
evidence that human obesity and hypertension have strong
genetic as well as environmental determinants.?-4 Reduced
energy expenditure and resting metabolic rate are predictive
of weight gain, and the sympathetic nervous system partici-
pates in regulating energy balance through thermogenesis.
The thermogenic effects in obesity have been mainly atirib-
uted to the activity of the B,- and B,-adrenergic receptors in
humans. However, reports of an association of B,-adrenergic
receptor polymorphisms with hypertension and obesity have
been discordant.5>-7 Several observations have shown that the
Trp64Arg polymorphism of the Bs-adrenergic receptor gene
can also be associated with obesity®-19; however, this finding
has not been confirmed in other studies.1’-12 Few studies have

simultaneously taken into account obesity and hypertension
as related to polymorphisms of B-adrenoceptor genes in the
same study population followed longitudinally for several
years. Additionally, plasma norepinephrine levels, as an
index of sympathetic nerve activity (SNA), are also included
in the present study.

Thus, this study examines the associations of polymorphisms
of p-adrenergic receptors with plasma norepinephrine level
(index of SNA), weight gain (obesity), and blood pressure (BF)
elevation (hypertension) over 5 years in 160 subjects who at
eniry were young, nonobese, and normotensive.

Methods
Subjects

Subjects were recruited from a cohort of 1121 men who work in a
single company in Osaka, Japan, as part of their annual medical
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TABLE 1.
Elevation (=10%) Over 5 Years

Polymorphism Genotypic Frequencies in Subjecis With Significant Weight Gain (=10%) and Mean BP

Genotypes X Test for 3 Genotypes ¢ Test for Alleles
Arg16Gly of Bz-adrenoceptor gene Argi6/Arg16 Arg16/Giy16 Gly16/Gly16
Frequency
With weight gain (n=>59) 9(15.3) 33 (55.9) 17 (28.8) K=17.98, P=0.019 X'=6.31, P=0.012
Without weight gain (n=101) 36 (35.6) 46 (45.5) 19 (18.8)
With BP elevation (n=41) 4(9.8) 20 (48.8) 17 (41.4) x'=15.43, P<0.001 x¥=14.42, P<0.001
Without BP elevation (n=119) 41 (34.5) 59 (49.6) 19 (16.0)
GIn27Glu of B,-adrenoceptor gene Gin27/GIn27 GlIn27/Glu27 Glu27/Glu27
Frequency
With weight gain (n=59) 50 (84.7) 9(15.3) 0(0.0) cee X¥'=2.89, P=0.089
Without weight gain (n=92) 87 (94.6) 5(5.4) 0(0.0)
With BP elevation (n=41) 32(78.0) 9 (22.0) 0(0.0) x*=8.36, P=0.004
Without BP elevation (n=110) 105 (95.5) 5(4.5) 0(0.9)
Trp64Arg of B;-adrenoceptor gene Trp64/Trp64 Trp64/Arg64 Arg64/Arg6d
Frequency
With weight gain (n=59) 46 (78.0) 11 (18.6) 2 (3.4 X¥=7.41, P=0.025 x*=2.38, P=0.122
Without weight gain (n=99) 60 (60.6) 38 (38.4) 1(1.0)
With BP elevation (n=41) 35(85.4) 5(12.2) 1{2.4) ¥=9.16, P=0.010 X=5.25, P=0.022
Without BP elevation (n=117) 71 (60.7) 44 (37.8) 2(1.7)

Values in parentheses are percentage of subjects.

evaluation. Subjects at stdy entry were excluded who were aged
>50 years, had obesity (body mass index [BMI] =25 kg/m?),13.14
had diabetes mellitus (fasting glucose level >100 mg/dL), and had
hypertension (=140/90 mm Hg). We also excluded subjects who
were taking medication for hypertension, hyperlipidemia, hyperuri-
cemia, or other illness. Only subjects who had steady body weight
(weight had not changed significantly [<5%] over the past year
before the entry period) were enrolled in this study.!s:'6 After
exclusion, 160 young, nonobese (BMI <25 kg/m?), normotensive
(<140/90 mm Hg) 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 Graduate
School of Medicine, Osaka, Japan.

Measurements

After an overnight fast of >12 hours, BMI, total body fat mass, ratio
of waist circumference to hip circumference (waist-to-hip ratio), BP,
heart rate, venous sampling for plasma norepinephrine, and extrac-
tion of genomic DNA from leukocytes were taken every year for 5
years. BP and heart rate were measured with the subject in the
recumbent position with an automated sphygmomanometer (TM-
2713, A&D) with an adjusted cuff size, which had been standardized
against a mercury sphygmomanometer. The percent body fat mass
was determined with impedance measurements (BF-102, Tanita),
and total body fat mass (kg) was calculated according to the
following formula: (percent body fat mass/100)Xbody weight (kg).

Laboratory Determinations

Plasma norepinephrine was measured by high-performance liquid
chromatography with a fluorometric method as previously described
for this laboratory!” (intra-assay coefficient of variation=2.1%;
interassdy coefficient of variation=3.6%; sensitivity=0.06 to 120
nmol/L).

Genotyping

Genotyping was performed by the TagMan assay as previously
described.’® Two polymorphisms in the B,-adrenergic receptors
(arginine/glycine substitution, Arg16Gly; glutamine/glutamate sub-
stitution, GIn27Glu) of the B,-adrenoceptor gene were studied.5 One

polymorphism (iryptophan/arginine substitution, Trp64Arg) of the
Bs-adrenoceptor gene was also studied.!%20 The probes and primers
used in the TagMan assay were as follows. For single-nucleotide
polymorphisms in the B,-adrenergic receptor gene, the probes and
primers were as follows: for Arg16Gly, the probes were CGCATG-
GCTTCCATTGGGTGC and CGCATGGCTTCTATTGGGTGC,
and the primers were GGAACGGCAGCGCCTTCT and CAGGAC-
GATGAGAGACATGACGAT; for GIn27Glu, the probes were
CTCGTCCCTTTCCTGCGTGACGT and CTCGTCCCTTTGCT-
GCGTGACGT (the primers used in this assay were the same as
those used for ArgléGly). For the Trp64Arg single-nucleotide
polymorphism in the B;-adrenergic receptors, the probes were
TCTCGGAGTCCAGGCGATGGCCA and CTCGGAGTC-
CGGGCGATGGCC, and the primers were GGAGGCAACCTGCT-
GGTCAT and CACGAACACGTTGGTCATGGT.

Statistical Analysis

Genotype frequencies and the Hardy-Weinberg equilibrium were
estimated with x* test. Values are shown as mean+SD. All data
analyses were performed with SPSS 8.0 for Windows programs.
Changes in measured parameters within each group and differences
among groups were examined by 2-way ANOVA. When these
differences were significant, the Dunnett test was used to determine
whether the differences of the mean measured variables at entry and
5 years were significant within the groups and among the groups
compared from baseline. Values of P<0.05 were considered
significant.

Results
Significant weight gain and BP elevation over 5 years were
defined as a =10% increase in BMI or mean BP compared
with values at entry.!'62! Fifty-nine subjects had significant
weight gain over 5 years, and 41 subjects had significant BP
elevation. Table 1 shows the prevalence of weight gain and
BP elevation at year 5. No subjects with the Glu27/Glu27
polymorphism of the B,-adrenoceptor were detected in the
present study. The allele frequency of Glu27 of the B,-
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TABLE 2. Characteristics of Subjects at Eniry and at Year 5

Adrenoceptor Polymorphism, Obesity, and Hypertension
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Subjects With Weight Gain  Subjects Without Weight Gain  Subjects With BP Elevation  Subjects Without BP Elevation
At Entry At Year § At Entry At Year 5 At Entry Al Year 5 At Entry At Year 5

Subjects, n 59 59 101 101 # # 119 119
Smoker/nonsmoker, n 15/44 10/49 2279 13/88 13/28 8/33 24/95 15104
Age, y 39+4 44+4 405 4535 40+4 4544 405 45+5])
BMI, kg/m? 222418 246220  22.9%17 24+19  226+16 2432211 22717 22.8+1.9
Waist-to-hip ratio 0.92+0.11* 0.97+0.13*§ 0.88=0.12  091x0.13  0.92+0.09t 0.94=0.11 0.89+0.11  0.92+0.12
Total fat mass, kg 141£21*  156%22'§  125x1.9 129420 137220t 1512018 12820 13.4+22
Systalic BP, mm Hg 127+6 141484 128+6 1317 13227t 14694 1266 131%7
Diastolic BP, mm Hg 77+5* 80+5* 74%5 75+5 74+5 8361 76+4 75£6
Mean BP, mm Hg 945 101:6*§ 93=5 946 9326 10463 92+6 94+6
Heart rate, bpm 705+ 72+5 665 715§ 7ix4t 735 665 71268
Plasma norepinephring, pmo/mL  1.182041* 1.41+0.21*§  1.00£020  1.26x0.19  1.14x012f 1.43+0.24i§ 1.01x016  1.27x018§

Data are mean=SD; n=1860.

*P<0.05 vs subjects without weight gain; tP<0.05, +P<0.01 vs subjects without BP elevation; §P<0.05, ||P<<0.01 vs values at entry.

adrenoceptor polymorphism was 4.6%, and that of Arg64 of
the B;-adrenoceptor polymorphism was 17.4%, but all studied
loci allele and genotype frequencies were in accordance with
the Hardy-Weinberg equilibrium. The frequency distributions
for homozygosity for the Argl6 and Glyl6 alleles in this
study were 28.1% and 22.5%. The frequency distributions for
homozygosity for the GIn27 and Glu27 were 90.7% and
0.0%, and the frequency distributions for the Trp64 and
Arg64 were 67.1% and 1.9%. The frequency distributions for
homozygosity for the Glu27 and the Arg64 in our subjects
were similar to those in previous studies in Japanese cohorts
but lower than those found in studies in white sub-
jects.569.102223 The frequency of Glyl6 allele of the B,
adrenoceptor gene was greater in subjects with weight gain
than in those without weight gain. Additionally, the fre-
quency of the Gly16 allele of the 3,-adrenergic receptor gene
was significantly greater in subjects who showed a significant
BP elevation over 5 years. The frequencies of the Glu27 and
Trp64 alleles were higher in subjects with BP elevation than
in those without BP elevation (Table 1).

Furthermore, to evaluate the relationships between the
B-adrenoceptor alleles and weight gain—related BP elevation,
we compared the frequencies of alleles between the groups
with and without BP elevation in subjects who significanily
gained body weight versus those without weight gain. In
subjects who had a significant weight gain, those who also
had a significant BP elevation carried a higher frequency of
the Gly16 and Glu27 alleles compared with those without a
significant BP elevation (}*=4.73, P=0.030; x*=6.35,
P=0.012, respectively). In subjects who did not gain weight
over the 5-year period, the allele frequencies in the 3
genotypes that were studied were similar in subjects with and
without a BP elevation over time.

Table 2 shows the demographic characteristics of the 2
groups subdivided by significant weight gain (=10%) over 5
years or BP elevation at entry and at year 5. At both periods,
waist-to-hip ratio, total fat mass, heart rate, and plasma
norepinephrine were higher in the group who had significant
weight gain and in the group who had a significant rise in

mean BP compared with those without weight gain or BP
elevation. It is important to note that at entry, BMI and BP
were similar between the groups with and without weight
gain and BP elevation. Among the 41 subjects with a
significant BP elevation, 32 of these individnals also had a
significant weight gain.

Subjects were divided into the 2 subgroups in each studied
genotype according to the dominant allele. Characteristics
between those with and without the dominant allele are
shown in Tables 3, 4, and 5. Total body fat mass and
waist-to-hip ratio at entry in the subjects carrying the Gly16
allele and Gh allele of the B,-adrenoceptor gene were greater
than in the other genotypes (Tables 3 and 4). BMT and total
body fat mass increased significantly in the subjects with the
Gly16 allele and Glu27 allele of the B,-adrenoceptor genes.
Subjects who had the Glyl6 and Glu27 of the B,-
adrenoceptor gene and the Trp64 of the B;-adrenoceptor gene
had significant increments in mean BP over the 5 years
(Tables 3, 4, and 5).

As we have previously reported,’51621 subjects with the
most significant weight gain and BP elevation had the highest
levels of plasma norepinephrine at entry compared with
subjects without weight gain or BP elevation (Table 2).

" Plasma norepinephrine levels at both entry and year 5 were

greater in subjects carrying Gly16 allele and Glu27 allele of
the B,-adrenoceptor genes than in the other genotypes (Tables
3 and 4). Plasma norepinephrine levels increased significantly
over the 5-year period in those subjects with the abnormal
B-adrenoceptor alleles. The same subjects also had higher
plasma norepinephrine levels at entry.

Discussion
The present study shows that the Arg16Gly and the GIn27Glu
of the B,-adrenoceptor and the Trp64Arg of the fB;-
adrenoceptor polymorphisms have a substantial influence on
future gain in body weight or BP elevation in male subjects
who were originally nonobese and normotensive. The sub-
jects carrying the polymorphism for the Gly16, Glu27, and
Trp64 alleles show higher frequency in those who had a
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TABLE 3. Characieristics of Subjects According to Genotype of Argi6Gly at Entry

and at 5 Years

Without Gly16 Allele (Argt16Arg)

With Gly16 Allele (Arg16Gly+Gly16Gly)

At Entry At Year 5 At Entry At Year 5
Subjects, n 45 45 115 115
Smoker/nonsmoker, n (%)  10/35 (22.2/77.8)  7/38 (15.6/84.4)  27/88 (23.5/76.5) 16/99 (13.9/86.1)
BM!, kg/m? 22.6+19 224+238 227%18 235+2.1*
Waist-to-hip ratio 0.87+0.10 0.88+0.11 0.91+0.10% 0.95x0.12%
Total fat mass, kg 12.8+2.0 13.2x1.9 13.4+1.9¢ 1412204
Systolic BP, mm Hg ' 128+5 129+6 127+5 137718
Diastolic BP, mm Hg 737 75%5 76+6 79+5%
Mean BP, mm Hg 92+6 935 9486 987
Heart rate, bpm 656 695 696 726
Norepinephrine, pmol/mL 0.99+0.16 1.10+0.22 1.09x0.14% 1.40=0.1018

Data are mean=SD; n=160.

*P<0.05, 1P<0.01 vs value at eniry; +P<0.05, §P<0.01 vs subjects without Gly16 allele (Arg16Arg genotype).

significant weight gain or BP elevation over the 5-year study.
Higher levels of plasma norepinephrine at entry were also
seen in the groups with the Gly16 or Glu27 alleles. As we
have shown in all studies, a heightened SNA (high mean
plasma norepinephrine) predicted subsequent weight gain and
BP elevation.!>1621 Now we show that the increased SNA is
in part determined by the genetic influence of the B,-
adrenergic receptor systems.

Pathophysiological involvement of genetic abnormalities
in the f,-adrenergic receptor system in hypertension and
obesity are well described.5624~26 Among B,-adrenergic re-
ceptor polymorphisms, Argl6Gly and GIn27Glu are consid-
ered the most functionally important.5624-26 Gratze et al?’
found that young normotensive white men homozygous for
the Gly16 allele of the B,-adrenoceptor gene had higher BP
and lower peripheral vasodilation after infusion of the
B-blocker salbutamol. The Glyl6 substitution exaggerates
agonist-mediated receptor downregulation.%28 Qur findings
that the Gly16 allele is associated with weight gain and BP
elevation associated with higher plasma norepinephrine lev-

els are in accordance with these findings. The subjects who
had weight gain-related BP elevation also had higher fre-
quencies of the Gly16 and Glu27 alleles compared with those
without BP elevation, suggesting that Gly16/Gu27 is related
to obesity-related hypertension. On the other hand, the
frequency associations of the Argl6 or Gly16 alleles of the
Argl6Gly and the GIn27 or Glu27 alleles of the GIn27Glu
with the onset of hypertension and obesity are more contro-
versial.® The Glu27 receptor had been shown to be resistant to
downregulation compared with GIn27 but when coexpressed
with Argl6.22 We were not able to observe any significant
association of the Argl6 and Glu27 alleles with weight gain
or BP elevation, probably because of the small sample size of
the study.

The fs;-adrenergic receptor system is important in mediat-
ing the stimulation of lipolysis by catecholamines in white
adipose cells in humans and in the development of obesi-
ty.8-10 It is well documented that weight gain leads to BP
elevation,!516 but there are few investigations about the
genetic relations in the fB;-adrenoceptor such as polymor-

TABLE 4. Characteristics of Subjecis According to Genotype of GIn27Glu at Enfry and

at 5 Years

Without Glu27 Allele (GIn27GIn) With GIu27 Allele (GIn27Giu)

At Entry At Year 5 At Entry At Year 5
Subjects, n 137 137 14 14
Smoker/nonsmoker, n (%)  34/103 (24.8/75.2) 22/115 (16.1/83.9) 3/11 (21.4/78.6) 113 (7.1/92.9)
BMI, kg/m? 22617 23.0x25 23521 24.6+3.0
Waist-to-hip ratio 0.89=0.10 0.92+0.11 0.92+0.11 0.99+0.10*%
Total fat mass, kg 13.0+1.9 13.4+2.0 13.9+1.3% 14.9+23*§
Systolic BP, mm Hg 1275 135x5* 1325 138:+6*
Diastolic BP, mm Hg 75+5 766 77+6 83+5%§
Mean BP, mm Hg 93=+5 94-+5 95+5 101:6*§
Heart rate, bpm 67+5 71x6 695 706
Norepinephrine, pmol/mL 1.03x0.20 1.30+0.18* 1.29+0.14% 1.42+0.19*t

Data are mean+SD; n=151,

*P<<0.05, 1P<0.01 vs value at entry; 1P<0.05, §P<0.01 vs subjects without Glu allele (GIn27GIn genotype).
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TABLE 5. Characterisiics of Subjects According to Genofype of Trp64Arg at Eniry and

at 5 Years

With Trp64 Allele (Trp64Trp+Trp64Arg) Without Trp64 Allele (Arg64Arg)
Genotype At Entry At Year 5 At Entry At Year 5
Subjects, n 155 155 3 3
Smoker/nonsmoker, n (%) 36/119 (23.2/76.8) 23/132 (14.6/85.4) 1/2 (33.3/66.7) 0/3 (0.0/100.0)
BMI, kg/m? 231=17 23.2+27 22.8+0.5 24.0+0.6
Waist-to-hip ratio 0.90+0.06 0.93+0.08 0.90:0.09 0.94=x0.10
Total fat mass, kg 13.2+1.8 13.9+2.0 13.1x2.0 13.5x20
Systolic BP, mm Hg 1275 13461 126+6 128+7
Diastolic BP, mm Hg 75+5 78+£5* 75=5 77+6
Mean BP, mm Hg 935 97+5% 92+5 84+6
Heart rate, bpm 68+5 716" B87+5 68+6
Norepinephrine, pmol/mL 1.060.20 1.31=014* 1.03+0.25 1.27+0.23

Data are mean==SD; n=158.
*P<0.05, TP<0.01 vs value at entry.

phisms in Trp64Arg and the association of these poly-
morphisms with hypertension in obesity.*® Fujisawa et al®3
have shown in a Japanese population that the allele frequency
of Arg64 in hypertensive subjects was similar to that in
normotensive subjects. Other investigators have reported in a
large Japanese cohort (n=3706) that the subjects with the
Arg64/Arg64 genotype had a greater BMI and percent fat
mass than those with the in Trp64/Trp64 genotype.® Con-
versely, we did not observe these associations in the genotype
of the Bs-adrenoceptor in relation to weight gain—related BP
elevation.

In the present study we used plasma norepinephrine levels
as an index of SNA. Tuck,3! Grassi and Esler,?2 and Rahn et
al33 observed that there are different results in SNA values in
hypertensive patients depending on the method of SNA
measurement, including regional norepinephrine spillover,
muscle sympathetic nerve activity (microneurography), and
plasma norepinephrine measurements. Spillover methods are
considered the “gold standard” for SNA measurements, but in
humans these are difficult and invasive measurements.
Plasma norepinephrine levels are more practical for large
population studies and represent several different processes
(secretion, clearance, and reuptake).3.15.16

It is known that Asian people (Japanese) have a lower
definition of obesity than the World Health Organization
BMI cutoff point for obesity (=30 kg/m?),1314 which is
controlled by genotypes. In a Japanese population, a strong
association between visceral fat content and the metabolic
syndrome has been reported, as seen even in subjects defined
as nonobese by BMI but who were obese by CT.3¢ In the
present study the subjects who had the most significant
weight gain and BP elevations also had a greater total body
fat mass and waist-to-hip ratio plus higher plasma norepi-
nephrine levels at entry, but BMI was not different between
these entry groups. These findings suggest that abdominal
obesity might be the link to heightened SNA, which is in part
determined genetically by the abnormal -adrenoceptor poly-
morphism. Alvarez et al3536 have reported that visceral
obesity, but not subcutaneous obesity, is best associated with

increased SNA. Grassi et al3? have also found that central
obesity is characterized by greater sympathetic activation and
impaired baroreceptor sensitivity than peripherally obese or
lean subjects.

In summary, these findings are from the first large cohort-
based longitudinal study analyzing the effect of genetic
variation in the B,- and Bs-adrenoceptor genes over a fixed
time period, showing their strong association with initiation
of weight gain and BP elevation. SNA, as seen in plasma
norepinephrine accompanying abdominal obesity, may be the
major mediator of the B,-adrenoceptor gene changes.
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Bo-Adrenoceptor Polymorphisms Relate

to Insulin Resistance and Sympathetic
Overactivity as Early Markers of Metabolic
Disease in Nonobese, Normotensive Individuals

Kazuko Masuo, Tomohiro Katsuya, Yuxiao Fu,
Hiromi Rakugi, Toshio Ogihara, and Michael L. Tuck

Background: The genes responsible for insulin resis-
tance are also candidate genes for insulin resistance-related
diseases, such as obesity and hypertension. Functional poly-
morphisms in the 3,- and B;-adrenergic receptors have been
reported to be associated with diabetes, hypertension, and
obesity. To clarify the relevance of the S-adrenergic receptor
polymorphisms to insulin resistance, we studied their asso-
ciation with polymorphisms of B, (Arg16Gly, GIn27Glu)
and B, (Trp64Arg) adrenoceptor genes.

Methods: We studied 155 young, nonobese Japanese
men using the homeostasis model assessment of insulin
resistance (HOMA-IR) to divide individuals into insulin-
sensitive and insulin-resistant groups. Insulin resistance in
the participants was defined as HOMA-IR equal to or
greater than the average plus 1 SD of 3.1. There were 69
men who were insulin resistant and 86 men who were
insulin sensitive. Body mass index (BMI), blood pressure
(BP), plasma glucose, insulin, leptin, norepinephrine (NE)
levels, and the polymorphisms of Argl6Gly and Gin27Glu
of the B,- and Trp64Arg of the B;-adrenoceptor polymor-
phisms were measured in all participants.

Results: The insulin-resistant group had higher fre-
quency of the Glyl16 allele of Argl6Gly compared with

the insulin-sensitive group, whereas the frequencies of
genotypes or alleles of GIn27Glu and Tip64Arg were
similar. The insulin-resistant group had a higher mean
HOMA-IR, fasting insulin, NE, and total fat mass com-
pared with levels in the insulin-sensitive group, but the
BMI and leptin levels were similar. The subjects carrying
the Gly16 allele of the B,-adrenoceptor gene had a higher
mean HOMA-IR, fasting insulin, NE, body fat mass, and
BP than those without the Gly16 allele.

Conclusions: The Glyl6 mutation of the f3,-adreno-
ceptor gene is associated with increased insulin resistance,
adiposity, and BP accompanied by higher plasma NE
levels early in the metabolic disease in developing obesity.
These findings show an important role of B,-adrenoceptor
gene polymorphisms in the association of insulin resis-
tance in hypertension and obesity. Am J Hypertens
2005;18:1009-1014 © 2005 American Journal of Hyper-
tension, Ltd.

Key Words: Insulin resistance, sympathetic nerve ac-
tivity, B,- and Bs-adrenoceptor polymorphisms, blood
pressure, and obesity.

besity and hypertension are associated with
o metabolic disturbances such as insulin resis-
tance, hyperinsulinemia, and dyslipidemia.'*
One pathophysiologic significance of early insulin re-
sistance is that insulin has mitogenic properties that can

potentiate vascular smooth-muscle growth, promoting
structural changes in blood vessels and possibly con-

tributing to atherosclerosis. Thus, insulin resistance
may be an important etiologic factor in the cardiovas-
cular risk seen in the development of obesity and hy-
pertension.'

One major risk is that human obesity and hypertension
have well defined genetic determinants such polymor-
phisms in the B,- and f3;-adrenergic receptor.* 12 We have
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reported that insulin resistance and hyperinsulinemia are
associated with heightened sympathetic nerve activity!?
and that heightened sympathetic nerve activity, as seen in
elevated plasma NE, predicts insulin resistance, subse-
quent weight gain, and BP elevation.!*~'® In addition,
normotensive and normal-weight individuals who have a
positive family history of hypertension and obesity also
have heightened sympathetic nerve activity.!”"!® These
findings imply that sympathetic overactivity defined here
as high plasma NE levels are associated with genetic
determinants on the B-adrenergic receptor that may con-
tribute to insulin resistance. The present study further
examines the relationship between polymorphisms of the
B-adrenergic receptors and progression in reduced insulin
sensitivity in nonobese, normotensive Japanese men.

Methods
Subjects

A cohort of 1121 men working in Osaka, Japan, as part of
their biannual medical evaluation were studied. Subjects
were excluded who were >50 years of age, overweight
(body mass index [BMI] 25 to 30 kg/m?) or obese (BMI >30
kg/m?), had diabetes mellitus (fasting glucose level>100
mg/dL), or hypertension (=160/95 mm Hg). Additional ex-
clusions were subjects who were taking medications for
hypertension, hyperlipidemia, hyperuricemia, or other illness.
After exclusion, 155 young men who were nonobese (BMI
<25 kg/m?) and nonhypertensive (BP <160/95 mm Hg) and
who were not using any medications were recruited from the
cohort. The subjects were subdivided into an insulin-sensitive
group and an insulin-resistant group using the homeostasis
model assessment of insulin resistance (HOMA-IR) and a
cut-off limit of average + 1 SD (2.2 + 0.9) in participants.
Because it is well known that recent alterations in plasma
insulin, leptin, and NE levels are altered with weight changes,
only those subjects who had steady body weight (weight had
not changed significantly (<5%) over the past year) were
enrolled in the present study.'>!619

The protocol was approved by the Ethics Committee of
Osaka University Graduate School of Medicine, Japan,
and written informed consent was obtained from all of the
subjects.

Measurements

After an overnight fast of 12 h, BMI, total body fat
mass, BP, heart rate, and venous sampling for blood
glucose, plasma norepinephrine (NE), insulin, leptin,
and the extraction of genomic DNA from leukocytes
were obtained after a 30-min rest period in the supine
position. Lipids profiles (total cholesterol, triglyceride,
HDL-cholesterol) and uric acid levels were also evalu-
ated. Both BP and heart rate were measured three times
in the supine position by an automated sphygmoma-
nometer (TM-2713, A&D Co. Ltd., Tokyo, Japan),
which had been standardized against a mercury sphyg-
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momanometer. The percentage body fat mass was de-
termined with impedance measurements (BF-102,
Tanita, Japan), and total body fat mass (kg) was calcu-
lated according to the following formula: [percentage
body fat mass (%)/100] X body weight (kg). Plasma NE
was measured by high-performance liquid chromatog-
raphy with a fluorometric method (intra-assay coeffi-
cient of variation [CV] = 2.1%; inter-assay CV =
3.6%; sensitivity = 0.06 to 120 nmol/L). Plasma im-
munoreactive insulin was measured by standard radio-
immunoassay methods (insulin RIABEAD II, Dinabott;
intra-assay CV = 1.9%; inter-assay CV = 2.2%; sen-
sitivity = 0.75 to 300 pU/mL). Plasma leptin was
measured by radioimmunoassay (human leptin RIA kit,
Linco; intra-assay CV = 5.0%, interassay CV = 4.5%,
and sensitivity = 0.03 to 6 nmol/L). The HOMA-IR was
defined as the product of fasting plasma insulin (uU/
mL) and glucose (mg/dL) divided by 405.2°

Genotyping

Genotyping was performed by the TagMan assay, as pre-
viously described.*» Two polymorphisms (arginine/gly-
cine substitution, Argl6Gly, and glutamine/glutamate
substitution, GIn27Glu) of the 8,-adrenoceptors® and one
polymorphism (tryptophan/arginine substitution, Trp64Arg)
of the B3-adrenergic receptor’!'? were evaluated. For sin-
gle-nucleotide polymorphisms of the B,-adrenergic recep-
tor gene, the probes and primers were as follows: for
Argl6Gly, the probes were CGCATGGCTTCCATT-
GGGTGC and CGCATGGCTTCTATTGGGTGC, and
the primers were GGAACGGCAGCGCCTTCT and
CAGGACGATGAGAGACATGACGAT; for Gln27Glu,
the probes were CTCGTCCCTTTCCTGCGTGACGT and
CTCGTCCCTTTGCTGCGTGACGT, and the primers used
in this assay were the same as those used for Argl6Gly. For
the Trp64Arg single-nucleotide polymorphism in the B;-
adrenergic receptors, the probes were TCTCGGAGTCCAG-
GCGATGGCCA and CTCGGAGTCCGGGCGATGGCC,
and the primers were GGAGGCAACCTGCTGGTCAT and
CACGAACACGTTGGTCATGGT.

Statistical Analyses

Genotype frequencies and Hardy-Weinberg equilibrium
were estimated with x? test. Values are shown as mean =
SD. Differences among groups were examined by the
paired or unpaired ¢ test. Multiple regression linear anal-
yses were applied to evaluate the relationship between
HOMA-IR as a dependent variable and plasma NE, BMI,
total body fat mass, and mean BP (systolic and diastolic
BP) as independent variables. Values of P < .05 were
considered significant.

Results
Prevalence of Insulin Resistance

A total of 69 subjects were insulin resistant and 86 subjects
were insulin sensitive as defined by the HOMA-IR. The
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insulin-resistant group had a significantly lower frequency of
the Argl6/Argl6 genotype (*= 1238, P = 002) and a
higher frequency of the Gly16 allele (2= 5.53,P = 019)in
analysis of the B,-adrenoceptor gene compared with resulis
in the insulin-sensitive group (Fig. 1). Frequencies of each
genotype and allele of GIn27Glu and those of Trp64Arg were
similar between the insulin-sensitive and insulin-resistant
groups.

Profiles of Insulin-Resistant Subjects

The insulin-resistant group had higher HOMA-IR, fasting

plasma insulin, NE, total body fat mass, uric acid, total
cholesterol, triglyceride, and lower HDL-cholesterol lev-
els, whereas BMI, BP levels, and leptin levels were similar
in both groups (Table 1).

Profiles of the Subjects Carrying
the Gly16 Allele of the p,-Adrenoceptor

Insulin resistant subjects had a higher frequency of the
Gly16 allele of the B,-adrenoceptor gene, suggesting the
Gly16 allele is related to insulin resistance. Thus, we
compared the subjects with and without the Gly16 allele of
the B,-adrenoceptor gene regardless of the status of insulin
sensitivity. The HOMA-IR, fasting plasmas insulin, NE,
total body fat mass, serum uric acid levels, and systolic,
diastolic, and mean BP levels were higher in the subjects
with the Gly16 allele (the Argl6/Glyl6 + Glyl6/Glyl6
genotype) compared with values in subjects without the
Gly16 allele (the Argl6/Argl6 genotype) of the B,-adre-
noceptor gene (Table 2). When those subjects were sub-
divided by insulin sensitivity, only the insulin-resistant
group with higher fasting plasma insulin (P < .05) and NE
(P < .05) levels were found in the group with the Gly16
allele (Fig. 2).

Muitiple Regression Linear Analyses

When HOMA-IR was used as a dependent variable,
plasma NE (P = .012), total body fat mass (P = .016), and
systolic (P = .034) and mean BP (P = .007) levels were
significant determinant variables (R* = 0.379, F = 19.96,
P < .001) in multiple regression linear analysis.

Discussion

To clarify the relationship of B-adrenoceptors polymor-
phisms, insulin resistance, and plasma NE levels as an
index of the sympathetic nervous system activity, we
studied profiles of hormones and relations of polymor-
phisms of B-adrenoceptor genes over time in healthy in-
dividuals. We found that the insulin-resistant subjects had
higher frequencies of the Gly16 allele of the 8,-adreno-
ceptors, and that the subjects who carried the Gly16 allele
had higher levels of fasting insulin (HOMA-IR), plasma
NE, and uric acid. In addition, total body fat mass and BP
levels were higher in the subjects with the Gly16 allele in
nonobese, nonhypertensive men. These findings suggest 1)
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FIG. 1. Frequencies of the genotypes (upper panel) and the allele
(lower panel) at Argl6Gly of the g,-adrenoceptor gene.

that insulin resistance could in part be determined by the
genetic variant of the B,-adrenoceptor gene, and 2) that the
B,-adrenoceptor polymorphism accompanying higher
plasma NE levels could increase insulin resistance, adi-
posity (obesity), and BP elevation.

In the present study, we used plasma NE levels as an
index of sympathetic nerve activity. Tuck,?? Grassi and
Esler,”® and Rahn et al** reported different results in
sympathetic nervous system activity in hypertensive pa-
tients according to NE measurement methods, muscle
sympathetic nerve activity using microneurography meth-
ods, plasma NE measurements, and regional spillover
method.?> Many investigators recommend the regional
spillover method as a gold standard for sympathetic nerve
activity, but these are difficult and invasive measurements.
Plasma NE levels are much more practical for large pop-
ulations and represent the result of several different pro-
cesses such as secretion, clearance, and reuptake,
especially in large population studies such as cross-sec-
tional design studies'*!? and in repeated measurements in
longitudinal studies.!*~*¢

B-Adrenoceptor Polymorphisms
Versus Insulin Resistance

Significant evidence has been provided for a strong physio-
logic relationship between the 3,-adrenoceptor and B;-adre-
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Table 1. Comparisons of values between insulin-sensitive subjects and insulin-resistant subjects

Characteristic

Insulin-Sensitive Subjects

Insulin-Resistant Subjects

Number

Age (y) 37.0
Body mass index (kg/m?) 21.6
Total body fat mass (kg) 14.4
Waist-to-hip circumference ratio 0.90
Systolic blood pressure (mm Hg) 127
Diastolic blood pressure (mm Hg) 78
Mean blood pressure (mm Hg) 94
Heart rates (beats/min) 64
HOMA-IR 1.7
Plasma insulin (uU/mL) 8.1
Plasma norepinephrine (pmol/mL.) 1.26
Plasma leptin (ng/mL) 3.9
Blood glucose (mg/dL) 90.7
Total cholesterol (mg/dL) 200
Triglyceride (mg/dL) 117
HDL-cholesterol (mg/dL) 58
Uric acid (mg/dL) 5.3

86 69

+ 6.9 36.8+7.8
+ 2.8 22.8 £ 2.8
+ 4.1 16.1 = 3.9%
+ 0.11 0.92 + 0.13
+ 12 129 + 11
+ 11 79 + 12
+ 10 96 + 12
+ 3 65 4

+ 0.9 4.2 = 0.5%
+ 2.7 17.1 = 2.9t
+ 0.29 1.74 = 0.38%
+ 2.0 4.1 + 2.1
+ 5.8 93.5 + 6.0
+ 27 216 = 22*
+ 35 173 + 481
=13 50 x 12%
+ 1.4 5.8 = 1.2%

HOMA-IR = homeostasis model of insulin resistance.

* P<.05,1P<.001, P < .01 versus values in the insulin-sensitive subjects.

nocepior as seen in obesity,"~>'"?%*" hypertension,'® and

insulin resistance.' "2 Among B,- and B;-adrenoceptor poly-
morphisms, amino acid substitutions, Argl6Gly and
GIn27Glu of the B,-adrenoceptor polymorphism, and
Trp64Arg of the Bs-adrenoceptor polymorphism are also
considered functionally important in understanding the ge-
netic relationship among obesity, hypertension, and insulin
resistance. i

Gratze et al*® found that young, normotensive, white
male subjects homozygous for the Gly1l6 allele of the

B-adrenoceptor gene had higher BP and lower peripheral
vasodilation in response to the infusion of the B-blocker
salbutamol. The B,-adreoceptor is also expressed in pan-
creatic B-cells to modulate insulin secretion. Irakashi et
al*® suggested that the Argl6Gly variant of the f,-adre-
noceptor gene has an influence on insulin secretion. In the
present study, the subjects with the Gly16 allele of the
B,-adreoceptor gene had higher plasma insulin and NE
levels, suggesting that the Gly16 allele of the §8,-adreno-
ceptor gene is closely linked to insulin-resistant status

Table 2. Comparisons of values between subjects with and without Gly16 allele of the g,- adrenoceptor gene

Subjects Without Subjects With Gly16 Allele
Characteristic Gly16 Allele Argi6/Argi6 (Argi6/Glyi6 + Gly16/Gly16)
Number 45 110
Age (y) 36.2 + 6.9 37.2 = 6.5
Body mass index (kg/m?) 216 + 2.1 22.4 = 2.5
Total body fat mass (kg) 14.6 =+ 3.7 15,5 = 3.9%
Waist to hip circumference ratio 0.90 = 0.11 0.91 = 0.13
Systolic blood pressure (mm Hg) 124 = 12 129 + 14%
Diastolic blood pressure (mm Hg) 76 = 11 80 + 12%*
Mean blood pressure (mm Hg) 92 + 12 96 + 8*
Heart rates (beats/min) 634 65 + 3
HOMA-IR 2.5 +0.7 3.0 = 0.5%
Plasma insulin (pU/mL) 10.2 £ 3.7 12,9 = 2.2%
Plasma norepinephrine (pmol/mL) 1.28 + 0.29 1.57 = 0.38*
Plasma leptin (ng/mL) 3.8 20 4.1+ 2.1
Blood glucose (mg/dL) 91.0 £ 5.8 92.3 £ 6.0
Total cholesterol (mg/dL) 201 = 30 210 = 27
Triglyceride (mg/dL) 127 = 43 148 + 50
HDL-cholesterol (mg/dL) 57 = 12 53+ 13
Uric acid (mg/dL) 50+ 1.4 5.7 = 1.2%

Abbreviation as in Table 1.
* P < .05 versus values in the insulin-sensitive subjects.
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FIG. 2. The homeostasis model assessment of insulin resistance
(HOMA-IR) (top panel), fasting plasma insulin levels (second
panel from top panel), supine plasma norepinephrine levels (sec-
ond panel from bottom panel), and plasma leptin levels (bottom
panel) in the insulin-sensitive group and the insulin-resistant group
according to the Gly16 allele of the B,-adrenoceptar gene. *P < .05,
**k%P < 001 versus values in the insulin-sensitive subjects. #P < .05
versus values in the subjects without Gly16 allele (carrying Argl6/
Argl6 genotype) of the g,-adrenoceptor gene.

associated with heightened sympathetic nerve activity
shown as higher plasma NE levels and BP elevation. Thus,
the Glyl6 allele could lead to heightened sympathetic
nerve activity, insulin resistance, and higher BP and adi-
posity and could predict these developments in nonobese,
nonhypertensive individuals.

The Glu27/Glu27 genotype of the pB;-adrenoceptor
gene has a well established association with obesity.’
Subjects with Glu27 homozygotes have excess body fat
and increased fat cell size compared with Gln homozy-
gotes in a white population and also have abdominal
obesity and insulin resistance.’® We did not observe the
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association of the polymorphism at GIn27Glu of the B,-
adrenoceptor gene with insulin resistance, perhaps because
of the very low frequency of the Glu27 allele. In a healthy
Japanese population, distribution of the Glu27 ailele of the
B,-adrenoceptor gene is different from that in individuals
of non-Asian white ethnicity, as previously reported,*® and
the frequency of the Glu27 allele of the B,-adrenoceptor
gene is much lower.

Insulin Resistance
Versus Sympathetic Overactivity

The group with the Gly16 allele of the (3,-adrenoceptor
gene had a higher total body fat mass and BP levels, and
our results in multiple regression analyses showed close
relationships between HOMA-IR, plasma NE, total body
fat mass, and mean BP. These findings demonstrate that
the Gly16 allele that accompanies insulin resistance and
heightened sympathetic nerve activity is associated with
relatively greater adiposity and BP elevation. In addition,
we have previously shown that insulin resistance is
strongly related to heightened sympathetic nerve activity,
BP clevation, and increased adiposity.’*>!° The present
study was examined in a cross-sectional design. Hence, we
could not discern the relations between genotype, BP
elevation, and weight gain; however, we have reported in
longitudinal studies that higher levels of plasma NE as a
phenotype marker of sympathetic nerve activity predicts
subsequent BP elevation and weight gain.'*~16 Taken to-
gether, our findings suggest the proposal that the adrener-
gic receptor defects lead to sympathetic nervous system
overactivity that might play a role in the development of
insulin resistance, hypertension, and obesity. In conclu-
sion, a polymorphism at Arg16Gly of the ,-adrenoceptor
gene could be linked to insulin resistance and sympathetic
nerve overactivity, as in this population of nonobese,
nonhypertensive Japanese men.
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Rebound Weight Gain as Associated
With High Plasma Norepinephrine
Levels That Are Mediated Through
Polymorphisms in the p2-Adrenoceptor

Kazuko Masuo, Tomohiro Katsuya, Hideki Kawaguchi,
Yuxiao Fu, Hiromi Rakugi, Toshio Ogihara, and Michael L. Tuck

Background: A successful weight loss program is
essential treatment for obesity-related diseases, but it is
well known that the majority of individuals do not succeed
in weight loss maintenance. The present study evaluates
hormonal mechanisms and the relationship of $2-adreno-
ceptor polymorphisms involved in individuals who regain
weight after initially successful weight loss.

Methods: Overweight Japanese men (n = 154) were
enrolled in a 24-month weight loss program. Body mass
index (BMI), total body fat mass, plasma norepinephrine
(NE) and leptin levels, and B2-adrenoceptor polymorphisms
(Argl6Gly, GIn27Glu) were measured every 6 months for
the 24-month period. Maintenance of weight loss was defined
as significant weight loss (=10% reduction) from entry
weight at 6 months and maintenance of the weight loss for an
additional 18 months. Rebound weight gain was defined as
significant weight loss at 6 months but subsequent regain of
body weight during the next 18 months.

Results: The results showed that 37 subjects main-
tained weight loss during 24 months, whereas 36 subjects
had rebound weight gain. The BMI at entry and calorie
intake and physical activity at each period were similar

between the two groups. Subjects who maintained weight
loss had at entry a significantly lower fat mass and plasma
NE levels compared to those with rebound weight gain.
Body fat mass, NE, and leptin levels at entry predicted the
degree of change in body weight during the 24-month
study period. Subjects with rebound weight gain had a
significantly higher frequency of the Gly16 allele for the
B2-adrenoceptor polymorphism compared to subjects who
had a 24-month maintenance of weight loss. Subjects
carrying the Glyl6 allele also had significantly higher
plasma NE, leptin, and body fat mass levels and a greater
waist-to-hip ratio both at entry and throughout the study.

Conclusions: A high initial degree of body fat mass
and high plasma NE levels as determined by the Glyl6
allele for the B2-adrenoceptor polymorphisms predict
those individuals who will have rebound weight gain after
their initial successful weight loss. Am J Hypertens
2005;18:1508—-1516 © 2005 American Journal of Hyper-
tension, Ltd.

Key Words: Rebound weight gain, weight loss resis-
tance, sympathetic nerve activity, leptin, obesity, B2-ad-
renoceptor polymorphisms.

eight loss and maintenance of weight loss are the
w most effective nonpharmacologic treatments for
correction of cardiovascular and metabolic risk
factors in obese patients.”~” However, few obese people

succeed in sustained weight loss, and long-term results of
weight loss programs are disappointing with a substantial

See related article on page 1517

_proportion of people regaining most of the weight initially

lost.

There is strong evidence suggesting that human obesity
has both genetic and environmental determinants.®® In-
vestigations have reported associations of polymorphisms
of the B2- and B3-adrenoceptors in obesity,'*~'* and reg-
ulation of thermogenesis is mainly attributed to 2- and
B3-adrenergic receptor activity. Increased energy expen-
diture and increased resting metabolic rate are predictive
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of weight loss, and the sympathetic nervous system plays
a key role in regulating energy balance through stimula-
tion of thermogenesis. Effects on rates of thermogenesis
are also influenced by genetic factors. Few studies have
taken into account success in maintenance of weight loss,
resistance to weight loss, and rebound weight gain as part
of hormonal changes associated with changes in body
weight or the polymorphisms of the B-adrenoceptor genes
that occur with weight change. We examined weight loss
in relation to changes in body fat mass, plasma norepi-
nephrine (NE), leptin, and insulin. In addition, we com-
pared polymorphisms of B2- and B3-adrencceptor genes
in subjects who maintained weight loss during 24 months
to those who regain body weight (rebound weight) in a
protocol of a defined, constant dietary intake and exercise
program.

Methods
Subjects

The weight loss program enrolled 154 overweight (25
kg/m® <body mass index [BMI] <30 kg/m?) men, con-
sisting of 89 overweight normotensive men (blood pres-
sure [BP] <140/90 mm Hg) and 65 overweight, unireated
mildly hypertensive men (140/90 mm Hg <BP <160/95
mm Hg). None of the subjects had diabetes (fasting blood
glucose level >100 mg/dL) or other illness including
psychological or emotional problems.'® No subject was
taking antihypertensive agents or other medications. Fur-
thermore, no subject had any symptoms of obstructive
sleep apnea (ie, breathing pauses every night or almost
every night) or extremely loud habitual snoring or sleep-
iness during the daytime.'”'® Only subjects whose body
weight had not changed for at least the past 2 years
(weight change <5%) provided in their biannual medical
evaluation records were enrolled in the present study.*!°
The subjects enrolled in this weight loss program were
emotionally stable,'® and had a similar socioeconomic
status. The protocol was approved by the Ethics Commit-
tee of Osaka University Graduate School of Medicine,
_ Japan, and written informed consent was obtained from all
the subjects.

Study Design

The weight loss program consisted of a low caloric diet
(1600 kcal/d, 55% of calories from carbohydrate, 30%
from protein, and 15% from fat) and a low sodium diet (7g
NaCl per day) and aerobic exercise of more than 1 h daily
(eg, walking, jogging, or gym exercise). The subjects
attended a 1-h private teaching and counseling session
each week for 4 weeks, followed by biweekly 1-h sessions
for 23 additional months. All sessions were led by experts
in nutrition and exercise counseling. Calorie intake was
calculated based on the subjects meal diary, which was
agsisted by nutritionists. The physical activity was quan-
tified and recorded by the use of step-counters used on a

REBOUND WEIGHT GAIN AND p2-ADRENOCEPTOR POLYMORPHISMS 1509

daily basis. Diet and exercise compliance were monitored
according to the subjects’ own records every 2 weeks and
were recorded at private counseling sessions. Compliance
to diet and exercise was considered excellent and consis-
tent based on those records.

Methods

After an overnight fast of 12 h and 30 min rest in the
supine position, height, body weight, BMI, percentage
total body fat mass, BP, heart rate, and venous blood
sampling for measurements of blood glucose, plasma NE,
leptin, insulin, and the extraction of genomic DNA from
leukocytes were obtained. Samples were taken at entry and
at 6, 12, and 24 months during the study. The BP and heart
rate were measured more than three times in the supine
position by an automated sphygmomanometer (TM-2713,
A&D, Tokyo, Japan) using an adjusted cuff size based on
arm circumference. Recorded BP levels and heart rates
were averaged. The percentage body fat mass was deter-
mined by impedance measurements (BF-102, Tanita, To-
kyo, Japan). Total body fat mass (in kilograms) was
calculated according to the following formula: [percentage
body fat mass (%)/100] X body weight (kg). Plasma NE
was measured after separation by high-performance liquid
chromatography using the flucrometric method as previ-
ously described in detail,"® and plasma immunoreactive
insulin was measured by a standard radioimmunoassay
method as described in detail (insulin RIABEAD M, Din-
abott, Tokyo, Japan).'” Plasma leptin was measured by
radioimmunoassay19 (human leptin RIA kit, Linco, St.
Charles, MO, USA). The homeostasis model assessment
of insulin resistance (HOMA-IR) was defined as the prod-
uct of fasting plasma insulin (in microunits per milliliter)
and glucose (in milligrams per deciliter) divided by 405.%°

Genotyping

Genotyping was performed by the TagMan assay, as
previously detailed (Applied Biosystems, Foster City, CA,
USA).*! Two polymorphisms (Argl6Gly, GIn27Glu)
of the B2-adrenoceptors'®'* and one polymorphism
(Trp64Arg) of the B3-adrenoceptor®® were evaluated. For
single-nucleotide polymorphisms (SNPs) in the 82-adreno-
ceptor genes, the probes and primers were as follows:
for Argl6Gly, the probes were CGCATGGCTTCCA-
TTGGGTGC and CGCATGGCTTCTATTGGGTGC, and
the primers were GGAACGGCAGCGCCTTCT and
CAGGACGATGAGAGACATGACGAT; and for
GIn27Glu, the probes were CTCGTCCCTTTCCTGCGT-
GACGT and CTCGTCCCTTTGCTGCGTGACGT (the
primers used in this assay were the same as those used for
Argl6Gly). For the Trp64Arg SNP in the 83- adrenocep-
tor, the probes were TCTCGGAGTCCAGGCGATG-
GCCA and CTCGGAGTCCGGGCGATGGCC, and the
primers were GGAGGCAACCTGCTGGTCAT and
CACGAACACGTTGGTCATGGT.
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Table 1. Characteristics in the four study groups according to responses to weight loss

Weight Loss
Maintenance

Rebound

Slow Weight
Loss

Weight Loss
Resistance

Subjects (n)
Age at entry (yr)
Height (m)
BMI (kg/m?)

Entry

6 months

12 months

18 months

24 months
Total body fat mass (kg)

Entry

6 months

12 months

18 months

24 months
Waist-to-hip ratio

Entry

6 months

12 months

18 months

24 months
Systolic BP (mm Hg)

Entry

6 months

12 months

18 months

24 months
Diastolic BP (mm Hg)

Entry

6 months

12 months

18 months

24 months
Mean BP (mm Hg)

Entry

6 months

12 months

18 months

24 months
Heart rate (beats/min)

Entry

6 months

12 months

18 months

24 months

Plasma norepinephrine (pmol/mL)

Entry
6 months
12 months
18 months
24 months
Plasma leptin (ng/mL)
Entry
6 months
12 months
18 months
24 months
HOMA-IR
Entry
6 months
12 months
18 months
24 months
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Table 1. Continued
Weight Loss Slow Weight Weight Loss
Maintenance Rebound Loss Resistance
Caloric intake (x1,000kcal/d)
Entry 2.3 +0.6 24 +05 2.4+ 0.5 2.3+04
6 months 1.5 £ 0.4%* 1.5 £ 0.3%x* 1.6 + 0.3%* 1.6 = 0.2%*
12 months 1.4 = 0.5%* 1.5 = 0.4%x* 1.5 £ 0.3%* 1.5 + 0.3%x*
18 months 1.5 = 0.4%% 1.5 = 0.5** 1.6 + 0.5%* 1.6 £ 0,2%*
24 months 1.5 = 0.3%* 1.5 £ 0.4%x* 1.5 + 0.4%* 1.5 £ 0.2%*
Physical activity (x1,000steps/d)
Entry 9.7 £ 4.3 10.1 = 4.8 9.6 £ 3.7 9.8+ 2.9
6 months 21.5 £ 3.8%%* 22.3 + 4, 1** 20.9 + 2,9%* 20.5 + 2.1%*
12 months 22.5 * 2,9%x* 19.5 = 4.5# 20.4 = 3.9%* 20.1 = 2.5%%*
18 months 21.7 £ 2.3%% 20.1 x 3.2%%* 19.8 + 3.4%* 20.9 + 2,5%*
24 months 20.7 £ 3.7%* 19.7 + 4.1%* 22.3 + 4 5%* 20.7 = 3.0%x*

Weight loss resistance indicates the subjects who fail to lose weight significantly during 24 months.

BMI = body mass index; BP = blood pressure.

* P<.05, 1 P < .01 compared with values in weight loss resistant subjects; P < .05, § P < .01 compared with rebound subjects; I1P<
.05, 1 P < .01 compared with values in slow weight loss subjects; # P < .05, ** P < .01 compared with values at baseline. Data are

mean = SD. n = 154.

Statistical Analyses

Genotype frequencies and the Hardy-Weinberg equilib-
rium were estimated with y? test. Values are shown as
mean * SD. All data analyses were performed with SPSS
8.0 for Windows program (Chicago, IL, USA). Changes in
measured parameters within each group and differences
among groups were examined by two-way analysis of
variance. When these differences were significant, the
Dunnett test was used to determine whether the differences
of the mean measured variables at 6, 12, and 24 months
were significant within the groups and among the groups
compared from baseline. Multiple linear regression anal-
yses were used to examine relations among variables using
changes in body weight or in mean BP versus changes in
hormonal measurements during weight and BP changes.

Results

Prevalence of Weight Loss
Maintenance, Rebound Weight
Gain, and Weight Loss Resistance

When significant weight loss was defined as a 10% or
more reduction in BMI from baseline, 73 subjects suc-
ceeded in achieving weight loss at 6 months. Maintenance
of weight loss was noted in 37 subjects and rebound
weight gain was found in 36 subjects. Sixty other subjects,
who did not have a significant weight loss at 6 months,
actually succeeded in significant weight loss at 24 months
(slow weight loss group). Thus, a total of 97 subjects
succeeded in significant weight loss at 24 months. Fifty-
seven subjects failed to have significant weight loss at 24
months, 36 subjects had rebound weight gain, and 21
subjects failed to lose weight during the entire 24-month
period. Thus, there were four study groups: subjects who
failed to lose weight during 24 months represented the

weight loss resistant group (n = 21); subjects with main-
tenance of weight loss represented the weight loss main-
tenance group (n = 37); subjects with weight regain
represented the weight rebound group (n = 36); and those
who failed to lose weight at 6 month but succeeded to lose
weight at 24 months represented the slow weight loss
group (n = 60).

Calorie Intake and Physical Activity

Diet compliance (calorie intake) and physical activity
(steps per day) were not significantly different among the
four groups (Table 1). Behavior (alcohol intake, cigarette
smoking) and socioeconomic status was similar among the
four study groups throughout the study. Thus, compliance
was considered very good for the 24-month period.

Frequencies of g2- and
p3-Adrenergic Receptor Polymorphism

Table 2 shows the frequencies of the genotypes and the
alleles of B2- and B3-adrenoceptor genes in the four study
groups according to the response in weight loss. The weight
loss resistant group, the rebound weight gain group, and the
slow weight loss group had a significantly higher frequency
of the Gly16 allele of the Argl6Gly of the B2-adrenoceptor
compared to the weight loss maintenance group (x> = 5.76,
P = 016; y* = 538, P = 020; ¥ = 6.11, P = .013,
respectively). The weight loss resistant and slow weight loss
groups (both groups failed to lose weight at 6 months) had a
higher frequencies of the Glu27 allele of the GIn27Glu of the
2-adrenoceptor compared to a combined group with weight
loss maintenance and rebound weight gain group (both
groups succeeded in significant weight loss at 6 months) (x
= 6.16, P = .013; ¥* = 6.22, P = .013, respectively) (Table
2). The frequency distribution of the Glu27 allele of
GIn27Glu was 9.4% and that of the Arg64 allele of Trp64Arg



