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ccording to the new I[nternational

Diabetes Federation (IDF) defini-

tion of metabolic syndrome, for a
person to be defined as having metabolic
syndrome they must have central obesity
defined by waist circumference (1). Inthe
definition, there are some ethnic or coun-
try-specific differences in the cutoff
points of waist circumference, and Japa-
nese cutoff points have been separately
established in the IDF definition (285 cm
for men and =90 cm for women). The
Japanese Society of Internal Medicine and
eight related scientific societies have also
jointly announced new Japanese criteria
of metabolic syndrome using the same
cutoff points of waist circumlerence (2).
However, the impact of central obesity us-
ing the cutoff points as a risk of type 2
diabetes is not known.

In this study, we investigated the in-
cidence of type 2 diabetes in citizens of
two rural communities in Japan to deter-
mine the relationship between type 2 di-
abetes and central obesity, and we also
investigated the independent effects of
central obesity compared with those of
overall obesity.

RESEARCH DESIGN AND

METHODS — The subjects were 348
men and 523 women selected from 938
citizens who had undergone medical ex-

aminations in the towns of Tanno and So-
betsu, Hokkaido, both in 1994 and 2003
or 2004.

The [ollowing participants in medical
examinations in 1994 were excluded:
those with missing data on blood pressure
or waist circumference and those with
type 2 diabetes (fasting plasma glucose
level 2126 mg/dl and/or those who were
on medication for diabetes).

Participants with central obesity were
determined according to the new criteria
announced by the IDF (1). Central obe-
sity in Japanese is defined by the IDF as
waist circumference 285 cm for men and
290 cm for women. Participants with
overall obesity were defined as those with
BMI =25.0 kg/m?, which is the standard
of the Japan Society of the Study of Obe-
sity (3).

The participants were divided into
two groups, a normal group and a central
obesity group, and the measured items in
the two groups were compared. We also
compared the incidences of type 2 diabe-
tes in normal and central obesity groups
of subjects who were newly determined as
having type 2 diabetes on the basis of data
obtained [rom medical examinations con-
ducted in 2003 or 2004. Moreover, we
estimated the relative risk of type 2 diabe-
tes in people with central obesity com-
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pared with those who did not have central
obesity.

As another analysis, the participants
were divided into two groups, a normal
group and an overall obesity group, and
the same assessments as those described
above were made for these two groups.

The SPSS package (version 11.5]) was
used for statistical analysis. The ¥ test
was used for frequency comparison. Mul-
tiple logistic regression analysis was used
to estimate the relative risk for type 2 di-
abetes. The significance level of all analy-
ses was set at P < 0.05.

RESULTS — Thirty-eight of the 654
individuals in the normal group and 27 of
the 173 individuals in the central obesity
group were newly defined as having type
2 diabetes in 2003 or 2004. The incidence
of type 2 diabetes was significantly higher
in the central obesity group than in the
normal group (15.6 vs. 5.8%; P <
0.0001). Thirty-five of the 591 individu-
als in the normal group and 30 of the 236
individuals in the overall group were
newly defined as having type 2 diabetes in
2003 or 2004. The incidence of type 2
diabetes was significantly higher in the
overall obesity group than in the normal
group (12.7 vs. 5.9%:; P < 0.0001).

The results of logistic regression anal-
ysis showed that both central obesity and
overall obesity were closely related to type
2 diabetes and that the relative risks of
occurrence of type 2 diabetes adjusted for
age, sex, systolic blood pressure, total
cholesterol, and smoking were 2.59 for
central obesity and 2.06 for overall obe-
sity {model 2; Table 1}. Central obesity
maintained its significance when addi-
tionally adjusted for overall obesity, but
averall obesity lost its significance when
additionally adjusted for central obesity
{model 3; Table 1).

CONCLUSIONS — Waist circumfer-
ence is a better predictor of visceral fat
(assessed using advanced techniques
such as dual-energy X-ray absorptiometry
and computed tomography) than BMI
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Table 1—Comparison of the relative risks for type 2 diabetes in central obesity and overall obesity

Ohnishi and Associates

Model 1
(Adjusted for age
and sex)

Model 2

{model 1 + tortal cholesterol, systolic

blood pressure, and smoking)

Model 3*
(model 2 + overall obesity or
central obesity)

2,84 (1.54-5.25)t
2.30 (1.37-3.85)1

Central obesity
Ovenrall obesity

2.59 (1.39-4.81)F
2.06 (1.20-3.54)t

2.07 (1.03-4.16)%
1.53 (0.83-2.83)

Data are relative risk (95% CI). *Relative risk of central obesity was adjusted for overall obesity (yes/no) and that of overall obesity was adjusted for central obesity
(yes/no). The results of logistic regression analysis showed that both central obesity and overall obesity were closely relaied to type 2 diabetes (models 1 and 2).
Central obesity maintained its significance when additionally adjusted for overall obesity, but overall obesity lost its significance when additionally adjusted for

central obesity (model 3). tP < 0.01; #P < 0.05.

and waist-to-hip ratio (4-6). There is a
strong association between waist circum-
ference and risk of developing health con-
ditions such as cardiovascular disease and
type 2 diabetes (7-11). In our study, only
central obesity remained a significant pre-
dictor of risk of type 2 diabetes when cen-
tral obesity and overall obesity were
included in the model simultaneously.

The IDF also announced a new defi-
nition of metabolic syndrome in 2005,
and according to the new definition, for a
person to be defined as having metabolic
syndrome he or she must have central
abesity assessed by waist circumlerence
(1). Since there are some ethnic or coun-
try-specific differences in cutoff points of
waist circumference, ethnic and country-
specific cutoff points have been separately
established in the IDF definition on the
basis of results of various epidemiological
studies. Japanese cutoff points have also
been independently established in the
IDF definition (waist circumference 285
cm for men and 290 cm for women). The
reason for the selection of these cutoff
points for Japanese subjects has been de-
scribed in detail by Matsuzawa et al. (3).

Controversy remains regarding the
cutoff points for waist circumference that
should be used in clinical practice. The
influence of abdominal fatniess on health
risks such as risk of type 2 diabetes is a
continuous one, and any cutoff point is
therefore arbitrary (12). Further epidemi-
ological data must be obtained in each
country to determine the appropriate
country-specific cutoff points {or assess-
ing the risk-of type 2 diabetes.

In conclusion, our study suggested

that the current cutoff points of waist cir-
cumference for Japanese people in the
IDF definition are useful for assessing the
risk of type 2 diabetes and that central
obesity may be more useflul than overall
abesity for evaluating the risk of type 2
diabetes.
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Effects of Angiotensin II Type 1 Receptor Gene
Polymorphisms on Insulin Resistance in a Japanese
General Population: The Tanno-Sobetsu Study

Hiroshi AKASAKAP?, Tomohiro KATSUYAY, Shigeyuki SAITOH?, Ken SUGIMOTOY,
Yuxiao FUY, Satoru TAKAGI?, Hirofumi OHNISHI?, Hiromi RAKUGIY, Nobuyuki URAZ,

Kazuaki SHIMAMOTO?, and Toshio OGIHARAY

ARthough gene polymorphisms in the renin-angiotensin system (RAS) are predisposing factors for cardio-
vascular diseases, the precise mechanisms and interactions among confounding factors have not been clar-
ifled. We Investigated whether genetic variants of RAS are Involved In insulin sensitivity in a Japanese
general population. During a medical checkup in 2001, participants (n=550) were recrulted from among the
residents of the towns of Tanno and Sobetsu, and writien informed consent was obtained to participate in
the genetic analysls and the epldemiologlical study. The insertion/deletion (/D) polymorphism of the angio-
tensin-converting enzyme gene (ACE), the Met235Thr polymorphism of the angiotensinogen gene (AGT),
and the A1166C polymorphism of the angiotensin Il type 1 receptor gene (AGTRT) were determined by gel
electrophoresis or the TaqMan PCR method. We assessed insulin sensitivity using the homeostasis model
assessment Insulin resistance {(HOMA-IR). The RAS gene polymorphisms were not assoclated with log-
transformed values of HOMA-IR, whereas borderline assoclation {p=0.02) was found between the A1166C
polymorphlsm and dichotemous categorization of insulln resistance (defined as HOMA-IR 21.73). Our
results suggested that the A1166C polymorphism of AGTRT might affect Insulln resistance by altering the
responsiveness to anglotensin 1l signaling, though this mechanism is as yet inconclusive. Further study is
required to confirm these findings in a larger, multi-ethnic population. (Hypertens Res 2006; 28 861~967)

Key Words: gene polymorphisms, renin-angiotensin system, insulin resistance, epidemiolcg{l

Introduction

The metabolic syndrome, which includes visceral obesity,
hypertension, glucose intolerance, and dyslipidemia, is
known to be a risk factor for cardiovascular diseases (J).
Using the criteria defined by the National Cholesterol Educa-
tion Program~Adult Treatment Panel 11T (NCEP-ATP I1I), the

prevalence of the metabolic syndrome is about 25% of the
general populations of both Western countries (2) and Japan
(3). Prospective epidemiological studies indicate that the met-
abolic syndrome increases the risk of cardiovascular disease
3- to 6-fold (4, 5). Similarly, in our prospective epidemiolog-
ical study the subjects with metabolic syndrome had a 2.2-
times greater risk of developing cardiac disease than the sub-
jects without metabolic syndrome (6). Therefore, intersive
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preventive measures must be implemented against this condi-
tion. Insulin resistance is closely linked to the metabolic syn-
drome (7}, and the renin-angiotensin system {(RAS) plays a
central role in the regulation of insulin sensitivity (6-10), as
well as in the regulation of blood préssure and sodium
homeostasis (/7). Many studies have examined the genetic
involvement of homozygous deletion polymorphism (DD} in
exon 16 of the angiotensin-converting enzyme gene (ACE) in
insulin resistance, but their results have been controversial
(12-14). The association between ACE insertion-deletion.
(I/D) polymorphism in intron 16 and cardiovascular pheno-
types has also been studied, with the main result being that the
D allele is a genetic risk for coronary artery disease or left
ventricular hypertrophy (15, 16).

Hypertension is one of the most common traits of the met-
abolic syndrome, and is also closely linked to insulin resis-
tance. Numerous studies have reported an association
between RAS gene polymorphisms and hypertension (17~
20). One study has indicated that the RAS gene polymor-
phisms have a synergistic effect on the predisposition to myo-
cardial infarction (27). In this study, we investigated the
association between RAS gene polymorphisms and insulin
resistance to detect a genetic risk for cardiovascular disease
among the Japanese general population, and whether RAS
polymorphisms synergistically affect insulin resistance.

fMethods

Study Subjects

We recruited 550 subjects who had undergone medical check-
ups in the towns of Tanno and Sobetsu in Hokkaido, Japan in
2001 (the Tanno-Sobetsu Study). The detailed epidemiologi-
cal findings have already been reported (22-24). Subjects
completed a standard questionnaire regarding their medical
history and smoking and drinking habits. We measured the
systolic blood pressure (SBP), diastolic blood pressure
(DBP), body mass index (BMI), total cholesterol, triglycer-
ide, high density lipoprotein (FHHDL) cholesterol, plasma glu-
cose, immunoreactive insulin (IRI), and highly-sensitive C-
reacting protein (hs-CRP) of all participants. The homeostasis
medel assessment insulin resistance (HOMA-IR) was used to
determine insulin sensitivity, and was calculated as plasma
glucose (mmolfl) X immunoreactive insulin (mU/1)/22.5.
Blood samples were collected during fasting in the early
morning.

Blood pressure was measured twice after 5 min of rest, with
the subjects seated. Hypertension was defined as SBP =140
mmHg, DBP 290 mmHg, or the current use of antihyperten-
sive agenis. One hundred and fifty of the 550 subjects
(27.3%) were taking antihypertensive agents, and these sub-
jects were included in the study. The precise types of antihy-
pertensive agents were unknown. Individuals in the acute
phase of coronary heart disease (n=4) or of cerebrovascular
disease (#n=15), and individuals undergoing medical treat-
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Table 1. Correlation Coefficient between log-Transformed
HOMA-IR and Clinical Parameters

Term r

P
Age 0.071 0.096
Gender 0.013 0.75
BMI 0.47 <0.0001
Prevalence of hypertension 0.21 <0.0001
Total cholesterol 0.050 0.24
Triglyceride 0.36 <0.0001
HBL-cholesterol -0.30 <0.0001
hs-CRP 0.16 0.0002

HOMA-IR, homeostasis model assessment of insulin resistance;
BM], body mass index; HDL-cholesterol, high density lipopro-
tein cholesterol; hs-CRP, highly-sensitive C-reacting protein,

ment for diabetes mellitus (n=44) were excluded from the
study. Individuals receiving diet therapy or exercise therapy
alone for diabetes were not counted among those receiving
medical treatment for diabetes. All participants gave written
informed consent to participate in the genetic analysis and in
all other procedures associated with the study. The Ethics
Committee of the Osaka University approved the study proto-
col. The final number of subjects participating in the genetic
study was 550.

In the Tanno-Sobetsu Study, Oimatsu et al. attempted 1o
determine the optimal cut-off point of the HOMA-IR as a
practical index for evaluating insulin resistance (25). The
tests using the glucose clamp (GC) method and 75-g glucose
tolerance tests (OGTTs) were carried out in 57 men and
women with normotension or essential hypertension. The M
value is the rate of infusion of glucose in the GC method and
serves as an index of insulin resistance; we used an M value
of 167.3 mg/m*min (the mean value minus 1 SD of the mean
value) as a cut-off point to divide the subjects into an insulin
resistance group and insulin non-resistance group, and com-
pared the data between the two groups. Also, from data on
temporal plasma glucose levels, insulin values and HOMA-
IR values obtained from simultaneously performed OGTTs,
the cut-off values for distinguishing insulin resistance, classi-
fied according to the results of the GC tests, were examined
using the receiver operator characteristic (ROC) curve. As a
consequence, HOMA-IR 1.73 was adopted. In consideration
of the fact that the 75-g OGTT is sometimes difficult to per-
form for large numbers of people, the examinations were car-
ried out using HOMA-IR. The sensitivity and specificity of
HOMA-IR 1.73 were 64.7% and 78.9%, respectively. There-
fore, in this study, dichotomous classification of insulin resis-
tance was made at HOMA-IR =1.73, in addition to the
evaluation of HOMA-IR as a continuous variable.

Genotyping

Genomic DNA was extracted from 200 il of buffy coat using
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Table 2. Comparison between Insulin Resistance Group (HOMA-IR 21.73) and Insulin Non-Resistance Group (HOMA-IR

<1.73) on Clinical Characteristics

Insulin resistance (-}

Insulin resistance (+)

(n=434) (n=116) P
Age (years) 63.240.5 65.240.9 0.04
Gender (male (%)) 35.7 37.9 0.66
BMI (kg/m?) 23.0£0.1 25.94+0.2 <0.0001
Prevalence of hypertension (%) 43.3 62.1 0.0003
Total cholesterol (mmolfl) 5.2+0.04 5.2£0.07 .57
Triglyceride (mmol/l) 1.1£0.03 1.7+£0.07 <(.0001
HDL.-cholesterol (mmol/l) 1.4£0.02 1.2+£0.04 <0.0001
hs-CRP (mg/l) 0.67+0.05 1.1£0.09 0.0003
IRI (mUm) 42+0.1 10.8£0.3 <{0.0001
HOMA-IR 0.97£0.0 2.850.1 <0.0001

Values are expressed as %, or means+SEM. HOMA-IR, homeostasis model assessment of insulin resistance; BMI, body mass index;
HDL-cholesterol, high density lipoprotein cholesterol; hs-CRP, highly-sensitive C-reacting protein; IR, immunoreactive insulin.

a QIAamp DNA Blood Kit (QIAGEN Inc., Hilden, Ger-
many). The insertion-deletion polymorphisms in intron 16 of
the angiotensin-converting enzyme gene (ACE /D) were
determined by gel electrophoresis. The Met—Thr transver-
sion at codon 235 of the angiotensinogen gene (AGT
Met235Thr) and the A—C transversion at nucleotide position
1166 of the angiotensin II type 1 receptor gene (AGTRJ
A1166C) were determined by the TagMan polymerase chain
reaction (PCR) method.

To amplify the intron 16 region where the I/D fragment of
ACE is located, the following primer pairs were used: for-
ward, . 5-CTGGAGACCACTCCCATCCTTTCT-3; and
reverse,  5-GATGTGGCCATCACATTCGTCAGAT-3'.
Genomic DNA was amplified for 45 cycles, each comprising
denaturation. at 94°C for 30 s, annealing at 58°C for 30 s, and
extension at 72°C for 30 s. The products were separated by
electrophoresis on 1.5% agarose gels and identified by ethid-
ium bromide staining.

The AGT Met235Thr polymorphism was detected using the
following primers and probes: forward, 5-GCTGTGACA
GGATGGAAGACT-3 and reverse, 5-AGTGGACGTAGG
TGTTGAAAGC-3; cytosine base (C) specific probe, 5-
FAM-CTGGCTCCCGTCAGG-MGB-3 and thymine base
(T) specific probe, 5-VIC-CTGGCTCCCATCAGG-MGB-
3. The AGTRI A1166C polymorphism was detected using
the following primers and probes: forward, 5-CATTCCTCT
GCAGCACTTCACT-3" and reverse, 5-CGGTTCAGTCCA
CATAATGCAT-3; adenine base (A) specific probe, 5-
FAM-CAAATGAGCATTAGCTAC-MGB-3'; cytosine base
(C) specific probe, 5-VIC-CAAATGAGCCTTAGCTACT-
MGB-3". PCR was conducted using a GeneAmp PCR System
9700 thermal cycler (Applied Biosystems, Foster City, USA).
The PCR conditions were as follows: initial denaturation at
95°C for 10 min, followed by 40 cycles of 92°C for 15 s and
60°C for 60 s. The fluorescence level of PCR products mea-
sured using an ABI PRISM 7900HT Sequence Detector
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(Applied Biosystems) differentiated the three genotypes of
the two polymorphisms.

Statistical Analysis

Associations between the polymorphisms and clinical vari-
ables were analyzed using one-way analysis of variance
{ANOVA). Differences in genotype or allele distribution
were examined by x® analysis. In order to evaluate the-associ-
ation between gene polymorphisms and insulin resistance

- represented as HOMA-IR, we used the stepwise method as

follows. First, a multiple-comparison procedure using
ANOVA was done between genotypes and-log-transformed
HOMA-IR. Second, ¥? analysis was done between genotypes
and insulin resistance was defined using the dichotomous
qualitative trait of HOMA-IR >1.73 or HOMA-IR <1.73.
Third, stepwise analysis was done between genotypes and
quintiles of log-transformed HOMA-IR -to confirm whether
or not the result of the second step was a chance effect. Mul-
tiple logistic regression analysis was used to assess the contri-
bution of confounding factors. All numerical values are
expressed as the mean+SEM. Values of p<0.05 were consid-
ered to indicate statistical significance. To adjust for multiple-
testing of the three gene polymorphisms by Bonferreni’s cor-
rection, we arbitrarily adopted p<0.017 as the level of statis-
tical significance. All statistical analyses were conducted
using JMP software version 5,0.1 for Windows (SAS Institute
Inc., Cary, USA).

Resulis

The mean age among the 550 subjects was 63.630.4 years,
and the mean body mass index (BMI) was 23.6£0.1 kg/m?
The mean SBP and DBP were 133.520.8 mmHg and
77.8+0.4 mmHg, respectively. The mean plasma levels of
total cholesterol, triglyceride, HDL-cholesterol, hs-CRP, glu-
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Table 3. Multiple-Comparison between
HOMA-IR and RAS Gene Polymorphisms

log-Transformed

Gene polymorphism Genotype n p

ACEID Il 0.12£0.04 214 0.92
ID: 0.12£0.04 267
DD: 0.15£0.07 69

AGT Met235Thr  Met/Met: —0.01£0.16 14 0.55
Met/Thr: 0,15+0.04 165
Thr/Thr: 0.12£0.03 335

AGTRI A1166C  AA:0.13£0.03 464 0.46
AC: 0.0910.06 82
CC: -0.191£0.29 4

Values are expressed as meanstSEM. HOMA-IR, homeostasis
model assessment of insulin resistance; ACE /D, insertion-dele-
tion pelymorphisms in intron 16 of the angiotensin-converting
enzyme gene; AGT Met235Thr, Met—Thr transversion at codon
235 of angiotensinogen gene; AGTRI A1166C A—C transver-
sion at nucleotide position 1166 of angiotensin II type 1 receptor
gene.

cose, and IRI were 5.2+£0.03 mmol/l, 1.310.03 mmol/i,
1.4+£0.02 mmol/l, 0.75£0.04 mg/l, 5.4£0.03 mmol/l, and
5.5%0.2 mU/l, respectively. The mean calculated HOMA-IR
was 1.3£0.05; this HOMA-IR value did not satisfy normal
distribution, but did satisfy log-normal distribution.

Table 1 shows the correlation coefficient between the log-
transformed HOMA-IR and the clinical parameters. BMI,
prevalence of hypertension, triglyceride, HDL-cholesterol,
and hs-CRP were significantly correlated with log-trans-
formed HOMA-IR.

Table 2 shows the clinical characteristics of the insulin
resistant (n=116) and insulin non-resistant (n=434) groups
when we defined insulin resistance as HOMA-IR 21,73, Age,
BMI, prevalence of hypertension, triglyceride, HDL-choles-
terol, and hs-CRP were significantly higher in the resistant
than in the non-resistant group.

The genotype frequencies of the gene polymorphisms
examined did not significantly differ from the values pre-
dicted by Hardy-Weinberg equilibrium. The frequencies of
the I, ID, and DD genotypes of ACE were 38.9%, 48.5%, and
12.5%, respectively. The frequencies of the Met/Mel, Met/
Thr, and Thr/Thr genotypes of AGT were 2.7%, 32.1%, and
65.2%, respectively. The frequencies of the AA, AC, and CC
genotypes of AGTRI were 84.4%, 14.9%, and 0.7%, respec-
tively. Although a multiple-comparison procedure was done
among the three genotypes of the three genes and log-trans-
formed HOMA-IR, no significant correlation was found
(Table 3). When insulin resistance was defined as HOMA-IR
21.73, the A allele of the AGTR] A1166C polymorphism was
significantly associated with insulin resistance, but not the
ACE /D or AGT Met235Thr polymorphisms (Table 4). We
examined three modes of inheritance: dominant, co-dominant
(additive) and recessive, and found that only the recessive
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Table 4. Allelic Frequency of RAS Gene Polymorphism

Insulin Insulin
resistance  resistance p
=) (+)
ACE/D
Polymorphism (1 (%)) 0.92
11" 167 (38.5) 47 (40.5)
1D 212 (48.8) 55(47.4)
DD 55127y 14(12.1)
Total 434 116
Allele (n (%)) 0.71
I 546 (62.9) 149(64.2)
D 322(37.1)  83(35.8)
Total 868 232
AGT Met235Thr
Polymorphism (n (%)) 0.59
Met/Met 12 3.0) 2(1.8)
Met/Thr 133(32.8) 32(294)
The/Thr 260 (64.2)  75(68.8)
Total 405 109
Allele (n (%)) 0.32
Met 157 (19.4) 36 (16.5)
Thr 653 (80.6) 182 (83.5)
Total 810 218
AGTRI A1166C
Polymorphism (n (%)) 0.054
AA 358 (82.5) 106 (91.4)
AC 72 (16.6)  10(8.6)
CcC 4(0.9) 0(0.0)
Total 434 116
Allele (n (%)) 0015
A 788 (90.8) 222 (95.7)
C 80(9.2) 10 (4.3)
Total 868 232

Values are expressed as n (%). RAS, renin-angiotensin system;
ACE /D, insertion-deletion polymorphisms in intron 16 of the
angiotensin-converting enzyme gene;, AGT Met235Thr,
Met—Thr transversion at codon 235 of angiotensinogen gene;
AGTRI A1166C A->C transversion at nucleotide position 1166
of angiotensin II type | receptor gene.

model of AGTR! polymorphism (i.e., AA vs. AC+CC) was
associated with insulin resistance. The estimated odds ratio
(OR) for insulin resistance in the subjects with AA was 2.25
(95% confidence interval {CI} 1.17-4.77, p=0.02) compared
to those with AC or CC. Next, we examined the association
between genotype or allelic frequencies and quintiles of log-
transformed HOMA-IR, but no significant difference was
found. Furthermore, no significant difference was found
between genotype or allelic frequencies of the lowest and the
highest quintile of log-transformed HOMA-IR.

Table 5 shows the results of multiple logistic regression



Table 5. Multiple Logistic Regression Analysis for Insulin
Resistance

Term B SEM p
Gender -0.69 0.28 0.01
BMI 031 0.05  <0.0001
Prevalence of hypertension 0.60 0.25 0.02
Triglyceride 0.008 0.002 0.0002
HDL-cholesterol -0.047 0.012 <0.0001
hs-CRP 2.29 1.0 0.03
AGTR! AA vs. AC+CC 0.81 0.39 0.04

r’=0.27 (n=550). BMI, body mass index; HDL-cholesterol,
high density lipoprotein cholesterol; hs-CRP, highly-sensitive C-
reacting protein,

analysis for the risk of insulin resistance. The confounding
factors were selected by using the stepwise method. After
adjusting for confounding factors such as gender, BMI, prev-
alence of hypertension, triglyceride, HDL-cholesterol, and
hs-CRP, the AGTRI AA genotype was independently associ-
ated with insulin resistance (OR 2.25; 95% CI 1.04-4.84).

Since the ACE I/D and AGTR/ A1166C polymorphisms
have been reported to have a synergistic effect on determining
the risk of myocardial infarction, we examined whether pairs
of polymorphisms would have a similar synergistic effect on
insulin resistance. However, none of the RAS polymorphisms
exerted a synergistic effect on insulin resistance (data not
shown).

Discussion

Angiotensin II plays a pivotal role in the pathogenesis of
hypertension, vascular remodeling and insulin resistance. Our
previous investigations revealed that RAS polymorphisms are
genetically predisposing factors for cardiovascular diseases
(26-28). Although many studies have examined the associa-
tion between RAS polymorphisms and hypertension, the rela-
tionship between RAS polymorphisms and insulin resistance
has not yet been clarified. Numerous studies have examined
candidate genes for insulin resistance, such as genes of the
angiotensin-converting enzyme (ACE) (12, 14), B-3 adrener-
gic receptor (29), uncoupling protein (UCP} 2 (30), lamin
A/C (LMNA) (31), adiponectin (32), and peroxisome prolif-
erator-activated receptor (PPAR)-y 2 (33), but the findings of
these studies were controversial.

A recent topic in clinical trials is that inhibitors of RAS,
such as ACE inhibitors and angiotensin Il type 1 (AT1) recep-
tor blockers (ARBs), may reduce the incidence of new-onset
diabetes in patients with or without hypertension and at high
risk of developing diabetes (34). Since the insulin resistance
is associated with upregulation of the AT! receptor and an
increase in oxygen free radicals in endothelial tissue caused
by activation of NADPH oxidase (35), therapy using ACE
inhibitors or ARBs may normalize oxidase stress and improve
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endothelial function. Angiotensin Il activates various intra-
cellular protein kinases, such as receptor or non-receptor
tyrosine kinases and serine/threonine kinases (36), and these
ATl-activated kinases are involved in vascular remodeling,
vascular contractility, endothelial dysfunction and insulin
resistance. Furthermore, the AT! receptor undergoes rapid
phosphorylation, desensitization, and internalization upon
angiotensin II stimulation. Recent studies with site-directed
mutagenesis of the AT1 receptor also demonstrated a struc-
tural requirement of the receptor for downstream signal trans-
duction, suggesting that AT1 mutants provide an excellent
means for examining the mechanisms of signal transduction
and their significance in mediating angiotensin II function
(37).

We identified a borderline significant association between
insulin resistance and the AGTRI/AA genotype and consid-
ered the mechanisms of this relationship. van Geel et al.
reported that the AGTR! polymorphism is associated with an
increased response to angiotensin I and not with increased
AGTR] expression (38). A hemodynamic study by Miller et
al. found that normotensive individuals with the AGTRI/AA
genotype have a higher glomerular filtration rate (GFR) than
those with the AGTRI/AC or CC genotype at baseline,
whereas the AA genotype is more responsive to an infusion of
angiotensin II in the sodium-replete state, and the response to
losartan is blunt (39). We therefore postulate that individuals
with the AGTRI/AA genotype are more responsive to angio-
tensin 11, which together with increased RAS activity, blunts
insulin sensitivity, Recent studies have revealed that a RAS
blockade increases insulin sensitivity and improves impaired
insulin signaling due to angiotensin II (40), thereby activating
the glucose transporter via translocation from the intracellular
membrane compariment to the plasma membrane fraction
9. 4D.

There were several limitations to this study. First, the sig-
nificance of association with insulin resistance was only
observed for the recessive model and for allele frequency.
Even though the p value (0.015) of the genetic predisposition
to insulin resistance in the subjects with an A allele was less
than 0.017, which was estimated as the level of significance
from Bonferroni’s correction, we have to keep in mind that
the significance was borderline. In addition, the AGTR/ poly-
morphism was significantly associated with dichotomous cal-
egorization of HOMA-IR as a qualitative trait, not as a
continuous trait, suggesting that the polymorphism only
affects insulin resistance in the advanced state. Furthermore,
we did not find a significant association between quintiles of
the log-transformed HOMA-IR and genotype or allelic fre-
quencies. This suggested that the result of a significant asso-
ciation between gene polymorphism and insulin resistance as
a qualitative trait might be a chance effect. To clarify this
matter, the genetic involvement of AGTRI should be exam-
ined in larger epidemiological studies.

In conclusion, like other investigations into the risk of
hypertension, the present study indicates the possibility that
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AGTRI gene polymorphism affects the risk of insulin resis-
tance. The AA genotype of AGTR/ in the general Japanese
population might be an independent risk for insulin resis-
tance. Further investigation is required to confirm these find-
ings in a larger, multiethnic population, and to confirm the
risk of RAS gene polymorphism for cardiovascular diseases
in a longitudinal prospective study.
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ADIPONECTIN LEVELS AND METABOLIC
SYNDROME DIAGNOSED BY USING THE
NEW CRITERIA FOR METABOLIC
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THE TANNO AND SOBETSU STUDY
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ABSTRACT. THE AIM OF THIS REVIEW STUDY is to determine the rela-
tionship between adiponectin level and metabolic syndrome (MS), based on a
new clinical definition made for Japanese. A total of 1067 participants in
mass-screening tests for residents of two rural communities in Japan in 2002
and 2003 were selected after exclusion of patients undergoing treatment for
hypertension or diabetes. MS was defined on the basis of visceral fat accumu-
lation, which is defined as waist circumference (WC) 285 cm for males and
>90 cm for females, plus any two of the following three factors: 1. elevated
triglyceride levels (=150 mg/dL) or specific treatment for this lipid abrormal-
ity and/or reduced high-density lipoprotein (< 40 mg/dL) or specific treatment
for this lipid abnormality; 2. elevated blood pressure (BP; systolic BP 2130
and/or diastolic BP 285 mmHg); 3. elevated fasting plasma glucose (2110
mg/dL). In multiple regression analysis with adiponectin as a dependent vari-
able, the body mass index (BMI) and WC were selected as independent vari-
ables, and so as the sex differences, age, and fasting plasma insulin levels.
Furthermore, adiponectin showed tighter, negative standardized regression
coefficients with WC than with BMI (-0.268 versus —0.160). Adiponectin
levels were significantly lower in subjects with MS than in subjects without
MS in both males and females, and were still significantly lower after ad-
justment for age differences. Plasma levels of adiponectin, an adipocyte-
derived antiatherogenic protein, were low in subjects with MS diagnosed by
the new criteria for Japanese.
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1. INTRODUCTION

Multiple risk factor syndrome, in which there
is clustering of high blood pressure, lipid abnormal-
ity and glucose intolerance, is one of the important
risk factors of atherosclerotic disease. Multiple risk
factor syndrome has also been called visceral fat
syndrome, syndrome X, deadly quartet, syndrome
of insulin resistance, and recently metabolic syn-
drome (MS) [1-5]. A new worldwide definition of
MS, emphasizing the importance of central obesity
with modifications according to ethnic group, was
announced by the International Diabetes Federation
in 2005 [6]. In the same year, the Commitiee on
Criteria for Metabolic Syndrome in Japan provided
a definition of MS for Japanese [7] (TABLE 1).

Adiponectin is a plasma protein (composed of
244 amino acid residues), and was identified from a
gene, apM1, that is specifically expressed in fat
tissue [8]. Adiponectin has been shown to circulate
as a trimer, hexamer, or higher-molecular-weight
form in the blood of healthy subjects and to be pre-
sent at a high level of 5-10 pg/mL [9-13]. It has
been shown that the ratios among these forms de-
termine their activity [14-16]. There are also sig-
nificant sex differences in the circulating concen-
trations of adiponectin and in the ratios of their
subunits [14,17]. It has been reported that adi-
ponectin is closely associated with visceral fat ac-
cumulation [10] and insulin resistance [18-22} and
that low levels of adiponectin are linked to compo-
nents of MS. Adiponectin level is low in subjects
cartying excessive organ fat and it increases with a
reduction in body weight [10]. It has also been
shown to be comrelated negatively with blood pres-
sure, triglyceride level, fasting plasma glucose
level, plasma glucose level 2 h after a meal and
fasting insulin concentration and to be correlated
positively with high-density lipoprotein level [23-
27.

We have shown that adiponectin is low in sub-
jects having MS diagnosed by modified NCEP-
ATP II criteria for Japanese [28]. In this review
study, we examined the association between MS
and adiponectin level by using a new definition of
MS for Japanese in participants in mass-screening
tests for residents in a region of Hokkaido, Japan.

T.ISOBE, ET AL.

2. SUBJECTS AND METHODS

Of 1,555 participants in mass-screening tests
for the residents of Tanno Town and Sobetsu Town
in Hokkaido, Japan in 2002 and 2003, 1,067 males
and females with an average age of 59.9 = 12.3
years (364 males with an average age of 62.9 =
12.3 years and 703 females with an average age of
58.4 £ 12.0 years) were selected after exclusion of
patients undergoing treatment for hypertension or
diabetes.

The mass-screening tests were carried out be-
tween 0600 h and 0800 h in the morning. Height
and body weight were measured before blood pres-
sure measurement, and blood was collected from
the subjects under fasting conditions before break-
fast. Blood pressure was measured more than once
from the right arm after resting for several minutes
in a sitting position, and average blood pressure
was calculated. Blood was coliected from the me-
dian cubital vein in a sitting position with a vacuum
tube. The items measured were systolic blood pres-
sure (SBP), diastolic blood pressure (DBP), body
mass index (BMI), waist circumference (WC), and
concentrations of fasting plasma glucose (FPG),
fasting plasma insulin (F-IRI), total cholesterol
(TC), triglyceride (TG), high-density lipoprotein
(MDL) and serum adiponectin. Biochemical data
were assayed as follows: FPG, the glucose-oxidase
electrode method; F-IRI, enzyme immunoassay (ST
AIA-PACK IRI, TOSOH, Tokyo, Japan), TC, the
cholesterol oxidase enzymatic assay method; TG,
the enzymatic colorimetric method; HDL, the di-
rect liquid-stable assay; adiponectin, the sandwich
enzyme-linked immunosorbent assay method (hu-
man adiponectin ELISA kit, Otsuka Pharmaceutical
Co., Ltd., Tokyo, Japan). The insulin resistance
index determined by homeostasis model assess-
ment (HOMA-IR) was calculated by the formula
HOMA-IR = FPG (mg/dL) x F-IRI (nU/mL)/405.

According to the new definition for Japanese in
2005 [7] (TABLE 1), MS was diagnosed as visceral
fat accumulation (defined as WC 285 cm for males
and >90 cm for females) plus any two of the fol-
lowing three factors: (1) raised TG fevel (2150
mg/dL) or specific treatment for this lipid abnor-
mality and/or reduced HDL (<40 mg/dL) or spe
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TABLE 1. DEFINITION OF METABOLIC SYNDROME ACCORDING TO A JAPANESE CRITERIA PUBLISHED IN 2005.
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Ascording to the Japanese definition, for a person to be defined as having metabolic syndrome, one must have visceral fat accumulation
(defined as waist circumference 2 85 cm for men ard 2 90 cm for women), plus any two of the following three factors:

o saised TG level (= 150 mg/dL) or specific treatment for this lipid abnormality, and/or, reduced HDL (< 40 mg/dL} or specific treatment

for this lipid abnormality both in males and females,

© raiscd BP: systolic BP > 130 and / o diastolic BP 2 85 mmHg, or treatment of previously diagnosed hypertension.

o raised FPG 2 110 mg/dL, or treatment of previously diagnosed type 2 diabetes.

NOTE: Subjects receiving specific treatment for type 2 diabetes or for hypertension were excluded in this study.
TG, wiglyceride; HDL, high-density lipoprotein; BP, blood pressure; FPG, fasting plasma glucose.
Converting factors: TG, mM = mg/dL x 0.01129; HDL, mM = mg/dL x 0.02586; FPG, mM = mg/dL, x 0.05551.

TABLE 2. BASELINE CHARACTERISTICS (MEAN VALUES AND CORRELATIONS TO LNADIPONECTIN).

Males r P value Females r Pvalue

N =364 N =703
Age (years) 629+ 12.31 0.353 <0001 584+ 12.0 0.183 0.001
BMI (kg/m*) 23.8+ 3.3 -0.311 <0.001 23.1%3.2 -0.181 <0.001
WC (cm) 84.8+ 9.31 -0.342 <0.001 79.8+ 103 -0.239 <0.001
SBP {mmHg) 133.3 + 21.07 0.010 0.842 1292+ 21.2 0.005 0.890
DBF (mmHg) 758+ 11.8F -0.135 0.010 733+ 119 —0.051 0.176
FPG (mg/dL) 970+ 16.1% -0.115 0.028 912+ 11.2 ~0.106 0.005
F-IRI (pU/mL) 4.6+4.7 -0.286 <0,001 4.6+ 28 -0.251 <0.001
HOMA-IR L1£ L4 —0.262 <0.001 1.1+08 -0.213 <0.001
TC (mg/dL) 193.2+ 33.1% -0.153 0.003 207.5 + 33.8 -0.039 0.297
TG (mg/dL) 115.1+ 74.61 -0.333 <0.001 89,1 42,0 -0.237 <0.001
HDL (mg/dL) 513+ 1161 0.281 <0.001 543+ 12.1 0.260 <0,001
Adipo (ug/ml) 6.0+3.3% 72+42

Values are means ¥ standard deviations.
BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic blood pressure.
FPG, fasting plasma glucose; F-IR], fasting plasma insulin.
HOMA-IR, homeastasts model agsessment.
TC, total cholesterol, TG, triglyceride; HDL, high~density lipoprotein; Adipo, adiponectin.

r, versus LnAdiponectin, Peason's carrelation coefficient; T P < 0,05, versus females, unpaired -test.
Conversion factors: FPG, mM = mg/dL x 0.05551; F-IR, pM = pU/mL x 6.0; TC, mM = mg/dL x 0.02586; TG, mg/dL x 0.01129;
HDL, mM = mg/dL x 0.02586.

Data are from ref. {28] and amended in part.

TABLE 3. MULTIPLE REGRESSION ANALYSIS RELATED TO LNADIPONECTIN.

B tvalue P value B tvalue P value
Sex 0.117 3.922 <0.001 Sex 0.679 2.652 0.008
Age 0.181 6.071 <0.001 Age 0.226 7.546 <0.001
BMI -0,16¢ -4.937 <0.001 wC ~-0.268 -8,138 <0.001
F-IRI -0.167 -5.183 <0.001 F-IRL -0.125 -3.950 <0.001

{3, standardized regression coefficients.

Sex, male = 0, female =1; BMI, body mass index; WC, waist circumference; F-IRI, fasting plasma insulin.
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TABLE 4, RATIO OF FACTORS COMPRISING METABOLIC SYNDROME, AND ADIPONECTIN LEVELS IN SUBJECTS POSITIVE FOR
VISCERAL FAT ACCUMULATION { VFA), LIPID ABNORMALITY (LA), HIGH LEVEL OF BLOOD PRESSURE (H-BP) OR HIGH LEVEL OF
FASTING PLASMA GLUCOSE (H-FPG) AND IN SUBJECTS NEGATIVE FOR VFA, LA, H-BP or H-FPG IN MALES AND FEMALES.

Males (N = 364) Females (N = 703)
% Adiponectin (ug/mL) % Adiponcetin (1g/mL)
+ - + -
VFA 53.8 5.0+ 2.6% 7.2+3.7 18.1 6.0 +3.7% 74+ 42
LA 25.8 4.6+ 2.3% 6.5+3.5 19.6 5.8+ 3.5% 75+42
H-BP 53.6 6.0+3.3 6.1%34 44.5 71t 41 72£42
H-FPG 9.6 5.0+£28 61434 4.6 6.6+ 4.7 72141

Values arc means + standard deviations.
%, ratio of factors comprising metabolic syndrome.

+, subjects positive for visceral fat accumulation or lipid abnormality or high level of blood pressure or high level of fasting plasma glucose

criteria,

-, subjects negative for visceral fat accumulation or lipid abnormality or high level of bloed pressure or high level of fasting plasma glucase

criteria.

VFA, visceral fat accumulation: waist circumference 285 cm for males or 290 em for females.
LA, lipid abnormality: hypertriglyceridemia: triglyceride 2150 mg/dL and/or low level of high-density lipoprotein: high-density lipoprotein <40

mg/dL and/or specific treatment for these lipid abnormality.

H-BP, high level of blood pressure: systolic blood pressure 2130 mmHg and/or diastolic blood pressure 285 mmHg.
H-FPG, high lcvel of fasting plasma glucose: fasting plssma glucese 2110 mg/dL..

TP <0.05 versus subjects in the "-" group, unpaired r-test.
Conversion factors: triglyceride, mM = mp/dL = 0.01125.
high-density lipoprotein, mM = mg/dL x 0.02586.

fasting plasma glucose, mM = mg/dL x 0.05551.

Data are from ref, [28] and amended in part.

cific treatment for this lipid abnormality; (2) raised
blood pressure (BP,; systolic BP 2130 and/or dia-
stolic BP 285 mmHg); (3) raised FPG (=110
mg/dL).

Multiple regression analysis was performed
using adiponectin as a dependent variable and us-
ing sex differences, age, BMI, WC and F-IRI as
dependent variables. The ratio of factors compris-
ing MS was calculated, and adiponectin levels were
compared among these factors. Since the female
subjects diagnosed as having MS were significantly
older than those not diagnosed as having MS (non-
MS), adiponectin levels adjusted for each average
age (males, 63 years of age; females, 58 years of
age) were compared between MS and non-MS
groups in males and females.

The present study was camried out in accor-
dance with the Declaration of Helsinki (1981) of
the World Medical Association, and the study pro-

tocol was approved by the Research Committee of
Sapporo Medical University, Sapporo. Written in-
formed consent was obtained from each subject
after a full explanation of the purpose, nature, and
risk of all procedures used.

Statistical analysis was performed with Win-
dows SPSS version 12.0 in Japanese (SPSS Japan
Inc.). Since adiponectin showed an F-distribution,
natural logarithmic-transformed values (LnAdipo)
were used, and each value is presented as mean +
standard deviation (SD). The unpaired ftest was
used to compare data between two groups. A P
value less than 0.05 was considered statistically

significant.

3. RESULTS

Clinical characteristics of the study subjects
are shown in TABLE 2. Adiponectin concentrations
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TABLE 5. UNPAIRED 7-TESTS BETWEEN METABOLIC SYNDROME AND NON-METABOLIC SYNDROME IN MALES AND FEMALES

ADIPONECTIN LEVELS AND METABOLIC SYNDROME

{MEAN VALUES).
Males Females
MS Non-MS MS Non-MS
N =47 N =317 N =40 N =663
Age (ycars) 63.7+ 11.3 62.8+ 12,5 64.3 £ 10,01 58.0+ 120
BMI (kg/m’) 262+ 3.5¢ 234431 27.1+32% 229+ 30
WC (cm) 912+ 6.41 §3.8+93 95,5 + 4.9} 78.9+97
SBP (mmHg) 147.6 + 21.01 131.1£20.1 143.4 + 12.5% 1283+ 214
DBP (mmHg) 82.0 + 11.9¢ 749+ 113 79.8+ 11.2¢ 7291118
FPG (mg/dL) 109.9+ 31.01 95.1+ 114 100.3 + 13.57 90.6110.8
TC (mg/dL) 198.9+ 373 1924+ 32.5 21231399 20721334
TG (mg/dL) 190.1+ 115.8% 104.0 % 59.0 131.9+ 48.01 86.5+ 40.2
HDL (mg/dL) 44.5 + 10.01 523+ 115 42.1£ 9.5t 55.0+ 11.9
Adipo (ng/mL) 4.4+ 237 63134 5.4% 3.4 73142

755

Values are means + standard deviations.

MS, subjects diagnosed as having metabolic syndrome.
Non-MS, subjects not diagnosed as having metabolic syndrome.
BMI, body mass index.

WC, waist circunference.

SBP, systolic blood pressure.

DBP, diastolic bleod pressure,

FPG, fasting plasma glucose.

TC, total cholesterol.

TG, triglyceride.

HDL, high-density lipoprotein.

Adipo, adiponectin,

1P <0.05 versus Non-MS group, unpaired f-test.
Conversion factors: FPG, mM = mg/dL x 005551,

TC, mM = mg/dL x 0.02586.

TG, mM = mg/dL x 0.01129,

HDL, mM = mg/dL, x 0.02386.

Data are from ref, {28] and amended in part.

were 6.0 + 3.3 pg/mL in males and 7.2 = 4.2
ug/mL in females, the concentration being signifi-
cantly higher in females than in males. LnAdipo
correlated positively with age and HDL and nega-
tively with BMI, WC, DBP, FPG, F-IRI, HOMA-
IR, TC and TG in males and correlated positively
with age and HDL and negatively with BMI, WC,
FPG F-IRI, HOMA-IR and TG in females. Age,
BMI, WC, SBP, DBP, FPG and TG were signifi-
cantly higher in males than in females, and TC and
HDL were significantly lower in males than in fe-
males (TABLE 2).

In multiple regression analysis of sex differ-

ences, age, BMI, WC and F-IRI with LnAdipo as a
dependent variable, BMI and WC were selected as
significant independent variables as well as sex
differences, age and F-IRI (TABLE 3). Fusthermore,
adiponectin showed tighter, negative standardized
regression coefficients with WC than with BMI
(~0.268 versus -0.160).

The ratio of factors comprising MS and the
adiponectin level in each factor are shown in
TABLE 4. Ratios of subjects positive for visceral fat
accumulation (VFA) were 53.8% in males and
18.1% in females. Ratios of subjects positive for
lipid abnormality (LA) were 25.8% in males and
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FIGURE 1. AGE-ADIUSTED PLASMA ADIPONECTIN LEVELS IN MALE AND FEMALE SUBJECTS WITH AND WITHOUT METABOLIC

SYNDROME. Adiponectin level was adjusted for 63 years of age in males and was adjusted for 58 years of age in fomales. Nen-MS, subjects not
diagnosed as having metabalic syndrome; MS, subjects diagnosed as having metabolic syndrome. Values are means + SDs. Data are from ref. [28]

and amended in part.

19.6% in females. Ratios of subjects positive for
high levels of blood pressure (H-BP) were 53.6%
in males and 44.5% in females. Ratios of subjects
positive for high levels of fasting plasma glucose
(H-FPG) were 9.6% in males and 4.6% in females.
Adiporectin concentrations were statistically lower
in subjects positive for VFA or for LA than in sub-
jects negative for VFA or for LA both in males and
females,

The results of unpaired i-tests between the MS
and non-MS groups are shown in TABLE 5. Adi-
ponectin concentrations were significantly lower in
the MS group than in the non-MS group both in
males and females. Though there was no statisti-
cally significant difference in ages of males, fe-
males in the MS group were significantly older
than females in the non-MS group. Adiponectin
levels after adjustment for age were still signifi-

cantly lower in the MS group than in the non-MS
group both in males and females (FIG. 1).

4. DISCUSSION

In this study, adiponectin showed positive cor-
relations with age and HDL and showed negative
correlations with BMI, WC, FPG, F-IRI, HOMA-
IR and TG both in males and females. In multiple
regression analysis related to LnAdipo, BMI and
WC were selected as significant predictor variables
as well as sex differences, age and F-IRI. Further-
more, WC showed tighter, inverse standardized
regression coefficients with adiponectin than BMI
did. Adiponectin was also significantly lower in the
MS group than in the non-MS group both in males
and females and was still significantly lower after
adjustment for age. These results suggest that WC
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