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Abstract

Controversy remains as to whether the presence of the tryptophan-to-arginine (Trp64Arg) variant of the f;-adrenergic receptor gene
impedes the magnitude of body weight loss by diet and exercise intervention. The objectives of the present study were to compare the
changes in body weight between carriers and noncarriers of the Trp64Arg variant before and after 6 months of diet and exercise interventions
for weight loss. A total of 37 middle-aged Japanese individuals (12 carriers and 25 noncarriers of the Trp64Arg variant) participated in the
study. There were no significant differences in body weight between the 2 groups at the baseline. There were significant reductions in body
weight both in carriers and noncarriers, but no significant differences between the 2 groups with respect to changes in these variables. The
weight changes were —2.52 kg (95% confidence interval [CI], —3.56 to —1.48) among carriers and —1.89 kg (95% CI, —2.65 to —1.13) among
noncarriers, and the change in the variant carrier group minus the change in the variant noncarrier group was —0.47 (95% CI, —1.97 to 1.02).
These results suggest that the presence of the Trp64Arg variant of the 53-adrenergic receptor gene may not play a major role as a hindrance to

weight reduction.
© 2008 Elsevier Inc. All rights reserved.

1. Introduction

The magnitude of weight loss in lifestyle intervention
programs varies substantially among participants [1]. For
instance, the Diabetes Prevention Program, a successful
weight loss intervention, has demonstrated that 50% of
participants achieve a weight loss goal of 7% or more
through diet and exercise intervention by the end of the
curriculum (at 24 weeks), whereas the remaining participants
fail to do so [2]. If persons with obesity who will not respond
to the diet and exercise intervention program could be
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predicted by objective markers, they could be provided more
intensive protocols or treated by medication or surgery [3,4].

Genetic factors have been shown to influence a predis-
position to obesity by being associated with body fat
mobilization and energy balance [5]. One such gene is
involved in formation of the 5-adrenergic receptor, which is
the main receptor associated with the regulation of thermo-
genesis and lipolysis in brown and white adipose tissue [6].
The tryptophan-to-arginine (Trp64Arg) variant of the fs-
adrenergic receptor gene has therefore been suggested to be
associated with low rates of energy expenditure [7-9]. On
the basis of these findings, it has been hypothesized that the
presence of the Trp64Arg gene variant influences the
magnitude of weight loss of persons with obesity receiving
diet and exercise intervention. To date, 8 studies have
examined the association between the Trp64Arg variant of
the fs-adrenergic receptor gene and the magnitude of weight
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loss; but the results were inconsistent [10-17]. Half of the
studies showed that persons with the Trp64Arg variant had
difficulty losing body weight [10,12,13,16], whereas the
other half did not [11,14,15,17]. All of the positive results
were reported from Japan [10,12,13,16]; and the null results
were from France [11], the United States [14,15], and Korea
[17], suggesting that the inconsistent results were due to
ethnic differences.

We therefore tested the hypothesis that middle-aged
Japanese adults with the Trp64Arg variant of the fs-
adrenergic receptor gene will lose less body weight during
a diet and exercise intervention program than those without
the variant.

2. Methods
2.1. Study population

The persons included in the present study were those
who participated in a diet and exercise intervention
program in 2004 or 2005 for prevention of obesity-related
diseases, such as type 2 diabetes mellitus, living in
Nishiaizu town, Fukushima prefecture, Japan [18,19]. The
inclusion criteria for the intervention program were body
mass index (BMI) of 23.0 or higher [2,20], fasting plasma
glucose concentration of 125 mg/dL or lower, and postload
plasma glucose concentration (2 hours) of 199 mg/dL or
lower [2]. The criteria also included no history of cancer,
myocardial infarction, stroke, or kidney disease. A total of
53 persons participated in the intervention program, of
whom 37 gave written informed consent to participate in
the present study. The study protocol was reviewed and
approved by the Ethics Committee of Tohoku University
Graduate School of Medicine.

2.2. Genotyping

Genetic testing was carried out in company X. The
Trp64Arg variant of the fs-adrenergic receptor gene was
detected by the polymerase chain reaction—restriction
fragment length polymorphism method [21]. Briefly, DNA
was extracted from 7 mL of whole blood treated with the
anticoagulant ethylenediaminetetraacetic acid (EDTA) after
digestion with proteinase K and purification with phenol-
chloroform. The polymerase chain reaction was carried out
using 100 ng DNA and the following primers: sense 5’-CGC
CCA ATA CCG CCA ACA C-3’ and antisense 5'-CCA
CCA GGA GTC CCA TCA CC-3’. The amplification
product was digested with BsfNI.

The fragments were resolved on a 2.5% agarose gel and
detected. According to the fragment size revealed by
electrophoresis, the genotype was judged as follows. The
fragment size was judged as the Arg/Arg type if 158 and 31
base pairs (bp); the Trp/Trp type if 97, 61, and 31 bp; and the
Trp/Arg type if 158, 97, 61, and 31 bp.

Genetic testing was conducted after the postintervention
examination.

2.3. Intervention program

Nishiaizu town consists of 5 districts. The intervention
program was conducted in 2004 in districts A and B, and in
2005 in districts C and D. The participants underwent a diet
and exercise weight loss program for 6 months including
diet, exercise, and supportive group therapy [19]. The
objectives of the intervention were to lose 7% of body weight
[2]. A 10-lesson and 1-letter curriculum in district A, a 5-
lesson and 1-letter curriculum in district B, and a 7-lesson
and 1-letter curriculum in districts C and D covering diet,
exercise, and behavior modification were designed to help
the participants achieve their goals. The curriculum, taught
by trained nurses and nutritionists on a one-to-two basis
during the 6 months after enrollment, was flexible, culturally
sensitive, and individualized.

The behavioral program for obesity was based on learning
principles such as recognizing a participant’s health risks
related to obesity, studying healthy life skills, setting specific
behavioral goals, modifying behavior determinants, and
reinforcing desired behavior. The approach began with a
health check to recognize their situation regarding obesity
and obesity-associated diseases. The second step offered
intensive, professional individual information to improve the
participants’ unhealthy lifestyle, that is, overeating and
insufficient physical activity, and self-monitoring ability, that
is, daily checking of weight, daily estimation of caloric
intake, and monitoring of the number of steps walked.
Participants were committed to achieve their specific
behavioral and anthropometric goals, as related to their
individual lifestyles and measured physiologic data.

2.4. Outcome measures

The primary outcome measure was the change in body
weight. The secondary measurements included the changes in
BMI, body fat distribution, glycemic control, insulin
resistance, plasma lipid concentration, plasma adiponectin
concentration, and plasma 8-iso-prostaglandin (PG) F2a
concentration. 8-iso-PGF2a is a lipid peroxidation biomar-
ker, which is suggested to be able to quantify the status of
oxidative stress in vivo [22-24]. The outcome measurements
were performed before and after the intervention.

After an overnight fast, body weight and height were
measured. Body weight was measured with the subject
dressed only in light clothing. Body mass index was
calculated as weight (in kilograms) divided by squared height
(in square meters). One cross-sectional computed tomo-
graphic scan was obtained at the umbilicus level using a
General Electric Yokogawa Medical Systems (Tokyo, Japan)
high-speed DX/I. Abdominal adipose tissue areas, including
intraabdominal and subcutaneous, were analyzed using
computed tomographic scanning and the abdominal adipose
tissue analysis software package Fat Scan Ver.2.0 (N2
System, Ibaraki, Japan) [25].

Venous blood was collected from the antecubital vein after
a 12-hour overnight fast. Blood samples were collected into
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2 tubes containing EDTA-2Na, and plasma was separated by
a 10-minute centrifugation at 3000 rpm. Serum samples were
separated by a 5-minute centrifugation at 3000 rpm and then
stored at —80°C until assay within 3 months.

The participants underwent a 75-g glucose tolerance test
after a 12-hour overnight fast. Blood was taken at 0, 60, and
120 minutes; and plasma glucose and serum insulin were
evaluated. Blood glucose concentrations were measured by
an enzymatic method (Shi-no-Test, Tokyo, Japan). Concen-
trations of insulin were measured by enzyme-linked immu-
nosorbent assay (insulin enzyme immunoassay test; Wako,
Osaka, Japan). Homoeostasis model assessment of insulin
resistance (HOMA-IR) was calculated using the following
formula: fasting serum insulin (in microunits per milliliter) x
fasting plasma glucose (in milligrams per deciliter)/405.
Hemoglobin A;. (HbA;.) was measured by high-perfor-
mance liquid chromatography with a reference range of 3.8%
to 5.5%, which was standardized by the standard substance
provided by the Japan Diabetes Association.

Serum total cholesterol (TC), high-density lipoprotein cho-
lesterol (HDL-C), low-density lipoprotein (LDL-C), and
triglyceride (TG) concentrations were measured by enzymatic
methods (Kyowa Chemical, Kagawa, Japan, for TC and TG;
Daiichi Chemical, Osaka, Japan, for LDL-C and HDL-C).

Serum adiponectin concentrations were measured by a
commercial radioimmunoassay (Linco Research, St Louis,
MO). The intraassay coefficient of variation was less than
6.2%, and the interassay coefficient of variation was less
than 9.2%. Assay sensitivity was 1 upg/mL. All plasma
samples were diluted 1:250 to yield an effective range of 0.2
to 50 pg/mL.

Total (esterified plus free) 8-iso-PGF2o concentrations
were assayed in plasma by a specific enzyme immunoassay
kit (Cayman Chemical, Ann Arbor, MI) [26-29]. For total 8-
iso-PGF2a measurement, peripheral venous blood was
collected in EDTA-2Na— and EDTA-4Na—coated cold
polyethylene tubes containing indomethacin, an inhibitor
of cyclooxygenase, and aprotinin, an inhibitor of kallikrein,
to prevent any in vitro formation of 8-iso-PGF2a. After
collection, blood samples were immediately cooled at 4°C;
and the samples were centrifuged at 3000 rpm at 4°C for
10 minutes. The plasma fraction was removed and stored at
—80°C for later 8-isoprostane assay.

2.5. Statistical analysis

Participants were divided into 2 groups: Trp64Arg variant
carriers (Trp/Arg or Arg/Arg) and noncarriers (Trp/Trp).
Comparison of frequencies among categories was performed
by % or Fisher exact test, where appropriate. Comparisons
between the 2 groups were performed by Student ¢ test to
assess the differences in anthropometric and metabolic
parameters. Effects of the diet and exercise intervention on
weight loss or other secondary outcomes were tested using a
paired ¢ test in each group before and after the intervention.
Analysis of covariance was used to investigate the signi-
ficances of differences in the initial values as well as those of

net changes after the intervention among the 2 groups. The
net change in each variable was calculated as (the variable
after intervention — the variable before intervention) in
the variant carrier group — (the variable after intervention —
the variable before intervention) in the variant noncarrier
group. We considered the following variables to be potential
confounders a priori: age at the baseline in years (continuous
variable), sex, participants’ district of residence, and
individual baseline variables. All statistical analyses were
performed with SAS version 9.1 (SAS, Cary, NC). We used
approximate variance formulas to calculate the 95%
confidence intervals (Cls). Differences were accepted as
statistically significant at P less than .05.

3. Results

The present intervention for 6 months yielded an average
weight loss of 2.1 kg, and 89% of the participants reduced
their body weight.

Comparison of baseline variables between Trp64Arg
variant carriers and noncarriers is shown in Table 1. Among
the 37 participants, 1 person was an Arg64Arg variant carrier,
11 were Trp64Arg variant carriers, and 25 were noncarriers.
The participants showed no statistically significant difference
with respect to sex ratio and mean age, although the ratio of
men was small among Trp64Arg variant carriers.

There were significant reductions in body weight and BMI
among both Trp64Arg variant carriers and noncarriers,
indicating that the present intervention program was
effective. The changes in weight were —2.52 kg (95% ClI,
—3.56 to —1.48) among carriers and —1.89 kg (95% CI, —2.65
to —1.13) among noncarriers (Table 2). The reductions of
body weight and BMI were larger among carriers than among
noncarriers, although there were no significant differences
between carriers and noncarriers with respect to changes in
these variables. In addition, there were no effects of the
variant on the number of participants who reached a goal of
7% weight reduction. Three of the 12 participants among

Table 1
Characteristics of participants according to the Trp64Arg ps-adrenergic
receptor gene variant

Trp64Arg fs-adrenergic receptor P value
gene variant
Carriers Noncarriers
(Trp/Arg or Arg/Arg) (Trp/Trp)
No. of participants 12 (11 Trp/Arg, 1 Arg/Arg) 25
Men/women 1/11 8/17 22
Age (y) (SD) 59.5 (6.7) 60.1 (6.2) .78
Districts participants
lived
A area 2 6 73
B area 4 10
Cor D area 6

P value with Fisher exact test for men to women ratio and for districts
participants lived; otherwise, with Student ¢ test.
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Table 2

Changes in body weight and other variables according to the Trp64Arg f;-adrenergic receptor gene variant

Variables Trp64Arg f;-adrenergic

Preintervention Postintervention Post — pre

P value®

Net change® (95% CI)

receptor gene variant (SE) (SE) change (SE)
Body weight (kg) Carriers (Trp/Arg or Arg/Arg)  59.1 (1.88) 56.6 (1.72) —2.52(0.53) .0006 —0.47 (—-1.97 to 1.02) 52
Noncarriers (Trp/Trp) 60.6 (2.21) 58.7 (2.22) —1.89 (0.39) <.0001
BMI (kg/m?) Carriers (Trp/Arg or Arg/Arg)  25.6 (0.72) 24.5 (0.67) —1.08 (0.23)  .0007 —0.17 (-0.78 to 0.44) .57
Noncarriers (Trp/Trp) 24.8 (0.75) 24.0 (0.75) —0.80 (0.15) <.0001
Abdominal adipose
tissue areas (cm?)
Intraabdominal Carriers (Trp/Arg or Arg/Arg) 100.1 (12.0) 94.3 (6.22) —5.78 (7.40) .45 =7.77 (=27.27 to 11.69) .42
Noncarriers (Trp/Trp) 106.2 (7.96) 109.9 (9.17) 3.71 (6.02) .54
Subcutaneous Carriers (Trp/Arg or Arg/Arg) 222.4 (16.6) 205.5 (16.5) -16.88 (10.1) .12 1.06 (—20.29 to 22.41) .92
Noncarriers (Trp/Trp) 189.2 (15.0) 176.4 (13.9) -12.77 (591) .04
Fasting plasma glucose Carriers (Trp/Arg or Arg/Arg) 100.4 (3.06) 95.9 (2.10) —4.50 (1.55) .01 —2.97 (-7.39 to 1.44) 18
concentration (mg/dL) Noncarriers (Trp/Trp) 100.1 (2.02) 100.2 (1.89) 0.08 (1.78) .96
Postload plasma glucose  Carriers (Trp/Arg or Arg/Arg) 140.8 (8.76) 138.1 (8.60) —2.75(7.76) .73 6.99 (—13.06 to 27.03) .48
concentration Noncarriers (Trp/Trp) 141.8 (7.36) 130.0 (6.88) -11.84 (6.71) .09
(2 h) (mg/dL)
HbA . (%) Carriers (Trp/Arg or Arg/Arg) 5.33 (0.10) 5.14 (0.06) —-0.18 (0.07) .02 —0.09 (-0.20 to 0.02) .09
Noncarriers (Trp/Trp) 5.32 (0.08) 5.22 (0.06) —0.10 (0.04) .02
Fasting plasma insulin Carriers (Trp/Arg or Arg/Arg)  6.77 (1.61) 5.13 (0.65) —1.64 (1.38) .26 —1.06 (—2.48 to 0.36) .14
concentration (uU/mL) Noncarriers (Trp/Trp) 6.21 (1.09) 5.37 (0.82) -0.83 (0.57) .16
HOMA-IR Carriers (Trp/Arg or Arg/Arg) 1.75 (0.47) 1.22 (0.16) -0.53(0.39) .21 —0.33 (-0.71 to 0.06) .10
Noncarriers (Trp/Trp) 1.54 (0.27) 1.33 (0.21) -0.21 (0.14) .15
Plasma TC concentration Carriers (Trp/Arg or Arg/Arg) 209.3 (4.99) 216.2 (7.22) 6.92 (5.92) .27 10.31 (-8.49 to 29.11) .27
(mg/dL) Noncarriers (Trp/Trp) 219.4 (6.50) 216.3 (7.72) -3.08 (5.11) .55
Plasma HDL-C Carriers (Trp/Arg or Arg/Arg)  62.3 (3.78) 63.4 (2.04) 1.08 (2.54) .68 —0.11 (—6.54 to 6.32) 97
concentration (mg/dL) Noncarriers (Trp/Trp) 58.7 (2.98) 62.7 (3.14) 4.04 (2.06) .06
Plasma LDL-C Carriers (Trp/Arg or Arg/Arg) 132.6 (4.46) 133.3 (6.03) 0.67 (5.35) .90 7.46 (—6.47 to 21.38) .28
concentration (mg/dL) Noncarriers (Trp/Trp) 138.0 (6.11) 131.2 (6.38) —6.76 (3.85) .09
Plasma TG concentration ~Carriers (Trp/Arg or Arg/Arg)  4.40 (0.10) 4.45 (0.11) 0.05 (0.08) .56 0.02 (—0.30 to 0.34) .89
(mg/dL)* Noncarriers (Trp/Trp) 4.53 (0.13) 4.48 (0.12) —0.05 (0.11) .63
Plasma adiponectin Carriers (Trp/Arg or Arg/Arg) 10.9 (1.80) 12.9 (1.66) 1.93 (0.55)  .005 —0.50 (—1.96 to 0.96) .49
concentration (ug/mL) Noncarriers (Trp/Trp) 9.5 (0.91) 12.1 (0.99) 2.61 (0.37) <.0001
Plasma 8-iso-PGF2a Carriers (Trp/Arg or Arg/Arg)  10.3 (0.64) 8.63 (1.04) -1.68 (1.29) .22 —0.38 (—1.73 to 0.96) .56
concentration (pg/mL) Noncarriers (Trp/Trp) 11.7 (0.69) 9.84 (0.53) -1.85(0.96) .07

 Paired 7 test.

® The change in the variant carrier group (Trp/Arg or Arg/Arg) minus the change in the variant noncarrier group (Trp/Trp). The net differences were

calculated by analysis of covariance.
¢ Log-transformed.

carriers and 3 of the 25 participants among noncarriers
reached their goal (P =.37). The changes in body weight and
BMI in the variant carrier group minus the changes in the
variant noncarrier group were —0.47 (95% CI, —1.97 to 1.02)
and —0.17 (95% CI, —0.78 to 0.44), respectively.

There also were significant reductions in plasma HbA
levels and significant increases in plasma adiponectin levels,
but no significant differences were observed between carriers
and noncarriers with respect to change in these variables.

Significant reduction in subcutaneous adipose tissue area
was observed only among noncarriers; but the magnitude of
the reduction was larger among carriers than among
noncarriers, and there was no significant difference between
carriers and noncarriers with respect to changes in this
variable. Significant reduction in fasting plasma glucose
concentration was observed only among carriers, and there
was no significant difference between carriers and non-
carriers with respect to changes in this variable.

There were no apparent changes in the area of intraab-
dominal adipose tissue, postload plasma glucose concentra-

P value®

tion (2 hours), fasting plasma insulin concentration, HOMA-
IR, plasma TC concentration, plasma HDL-C concentration,
plasma LDL-C concentration, plasma TG concentration, or
plasma 8-iso-PGF2a concentration.

4. Discussion

We tested a hypothesis that middle-aged Japanese
individuals with the Trp64Arg variant of the f3-adrenergic
receptor gene would lose less body weight during a weight
reduction program involving diet and exercise intervention
than individuals without the variant. Contrary to our
hypothesis, although the present intervention for 6 months
yielded an average weight loss of 2.1 kg, we found no
difference between carriers and noncarriers in loss of body
weight after the weight loss intervention.

Previous studies that have examined the association
between the Trp64Arg variant of the fs-adrenergic receptor
gene and the magnitude of weight loss achieved by diet and
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exercise intervention have yielded inconsistent results [10-
17]. All of the positive results have been reported from
Japan [10,12,13,16]); and null results were reported from
France [11], the United States [14,15], and Korea [17],
suggesting that the inconsistent results were due to ethnic
differences. However, of the 4 studies reporting positive
results, 3 were conducted by the same research group
[10,12,13]; and the remaining one [16] showed a small
difference in weight loss of —0.01 and —0.74 kg (P = .035)
for women with and without the Trp64Arg variant,
respectively. The consistency of our data for Japanese
subjects with data from France [11], the United States
[14,15], and Korea [17] indicates that the discrepancy
cannot be fully explained by ethnic differences.

We also found no difference between carriers and
noncarriers in the loss of abdominal adipose tissue area,
fasting plasma glucose concentration, postload plasma glucose
concentration (2 hours), HbA,., fasting plasma insulin
concentration, HOMA-IR, plasma TC concentration, plasma
HDL-C concentration, plasma LDL-C concentration, plasma
TG concentration, plasma adiponectin concentration, or
plasma 8-iso-PGF2o concentration. Among previous studies
demonstrating that persons with the Trp64Arg variant of the
Bs-adrenergic receptor gene have had no difficulty in losing
body weight [11,14,15,17], 2 studies [14,17] have reported
that persons with the Trp64Arg variant had difficulty in
improving their body fat distribution [14,17], TC/HDL-C
ratio [14], and glycemic control [17] than persons without the
variant. Further studies are needed to examine the effects of
the variant on these variables, giving careful consideration to
multiple comparisons.

Our results indicating an absence of any effect of the
Trp64Arg variant of the ;-adrenergic receptor gene on body
weight loss may be partly explained by the aggressive weight
loss program, which may have masked the modest effects of
the gene variant. That is, the environmental challenge may
have overwhelmed any modest gene effects of the Trp64Arg
variant on body weight. Meta-analyses of cross-sectional
studies have demonstrated that, across the population,
persons with the Trp64Arg variant of the p;-adrenergic
receptor gene show only a slight increase in average BMI of
0.19 (95% CI, —0.03 to 0.41) kg/m* [30], 0.26 (95% CIL, 0.18
to 0.42) kg/m? [31], and 0.30 (95% CI, 0.13 to 0.47) kg/m?
[32] compared with persons without the variant, suggesting
that the effects of the Trp64Arg variant on body weight may
be small. However, the possibility that the discrepancy
among the results of the studies could have been due to the
difference in the degree of intervention and the amount of
weight loss seems unlikely because the average weight loss
values were widely distributed in these studies. The average
weight loss in carriers and noncarriers was 5.2 kg (homo-
zygotes)/5.5 kg (heterozygotes) vs 8.3 kg [10], 4.6 kg vs
83kg[12],4.8 kgvs7.4kg[13],and 0.01 kg vs 0.74 kg [16]
among the studies that showed positive effects of the
Trp64Arg variant, whereas it was 7.6 kg vs 6.4 kg [11],
16.4 kg vs 14.1 kg [14], about 15 kg vs about 15 kg [15],

3.5 kg vs 3.4 kg [17], and 2.5 kg vs 1.9 kg (present study)
among the studies that showed no effects of the variant.

Our study had some limitations. First, our prospective
interventional study design yielded a relatively small number
of participants. Thus, we may not have had adequate power
to detect modest gene effects on the phenotypes. However,
we do not believe that the null findings of the present study
were due to a type 2 error because the point estimate of the
weight loss was larger in carriers than in noncarriers. Second,
the participants of the present study had a relatively mild
average BMI of 25.6 kg/m” in carriers and 24.8 kg/m® in
noncarriers. Therefore, the effects of the Trp64Arg variant on
body weight loss among persons with much higher BMI
were unclear. Third, we could not obtain details of the
participants’ lifestyles including diet and exercise after
intervention because of the nature of the intervention
program. Thus, there was a possibility that intervention
intensities differed between carriers and noncarriers. How-
ever, genetic testing was conducted after the postintervention
examination; and therefore, this possibility seems unlikely.
Finally, because 76% of our study population included
women, it is uncertain whether our results could be applied
to men.

In conclusion, we have found that persons who carry the
Trp64Arg variant of the fs-adrenergic receptor gene show a
response to diet and exercise intervention similar to that of
noncarriers of the variant. These results suggest that the
presence of the Trp64Arg variant of the ps-adrenergic
receptor gene should not be a hindrance to weight reduction
by diet and exercise intervention.
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