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clear what plasma BNP levels reflect and whether previous
observations in patients without CKD could be applied to
ESRD patients.

Accordingly, we tested the hypothesis that plasma BNP
levels might reflect the presence and severity of stable CAD
in chronic HD patients. We also examined left ventricular
end-diastolic wall stress (LV EDWS), which we previously
found is a crucial haemodynamic determinant of plasma
BNP levels [7], to clarify the contribution of haemody-
namic factors in the regulation of plasma BNP in this
setting.

Subjects and methods

Study patients

One hundred seventy-nine chronic HD patients who had
been referred for CAG due to symptoms of angina pec-
toris, or with objective evidence of ischaemia (positive ex-
ercise electrocardiogram or nuclear test), were enrolled in
the present study. Patients with ACS including unstable
angina and acute myocardial infarction were excluded from
this study. All patients underwent regular 4-h sessions of
HD using polysulfone membrane filters three times weekly.
After dialysis, they were shown to have a condition that en-
tailed no clinical signs of hypervolaemia such as oedema,
dyspnea or an excessive increase in arterial blood pressure,
which was established under the supervision of experienced
nephrologists.

Plasma BNP levels, haemoglobin, serum albumin, serum
C-reactive protein (CRP) and serum creatinine were de-
termined in blood samples withdrawn immediately before
coronary angiography (CAG). Echocardiographic examina-
tion was performed after an HD session on the day before
CAG.

CAG and lesion morphology

CAG was performed following a standard technique. Two
experienced cardiologists who were blinded to plasma BNP
levels assessed the coronary angiograms. If they disagreed,
a third expert examined the angiogram to determine the
characteristics of the lesions. Diameter stenosis of >70%
by quantitative angiography was accepted as significant.
Extension of CAD was classified as 1-, 2- or 3-vessel dis-
ease (VD) by the standard method. We also estimated the
degree of CAD using the Gensini score and the CAD prog-
nostic index. The former is a measure of the extent and
severity of CAD and is computed by assigning a severity
score to each coronary segment according to the degree of
luminal narrowing and its geographic importance [19]. The
latter considers the number of diseased vessels, the presence
of left anterior descending or left main coronary disease,
which have been validated in an overlapping heart failure
population [20,21]. Left ventricular pressure was recorded
with a 5-F pigtail catheter connected to a fluid-filled trans-
ducer. Left ventricular volume and ejection fraction (EF)
were determined by left ventriculography with a contrast
medium using Kennedy’s formula.
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Echocardiography

Echocardiographic examinations were performed in all pa-
tients with a Sonos 5500 machine equipped with a 2.5 MHz
probe. M-mode images were obtained to measure left atrial
and ventricular dimensions [22]. The left ventricular mass
index (LVMI) was estimated using the formula of Devereux
et al. In patients with sinus rhythm, the pulsed Doppler
transmitral flow velocity was recorded to measure the ra-
tio of peak mitral E-wave velocity to peak mitral A-wave
velocity (E/A ratio) and the deceleration time of the mitral
E-wave velocity. Based on haemodynamic and echocar-
diographic data, end-diastolic and systolic meridional WS
were calculated as follows: WS = 0.334 x P(LVID)/WT(1
-+ WT/LVID), where P = LV pressure (i.e. peak systolic
pressure or end-diastolic pressure (EDP), which was ob-
tained during cardiac catheterization), LVID = left ventric-
ular internal dimension and WT = wall thickness [7].

Statistical analysis

Groups were compared using a chi-square analysis for pro-
portions and unpaired Student ¢ tests for continuous vari-
ables. Cut-off levels of BNP and the sensitivities and speci-
ficities of the cut-off levels were calculated using a receiver
operating characteristics (ROC) curve analysis. The linear-
ity of a relationship between two variables was assessed
by linear regression analysis. Further multivariable analy-
sis was performed to evaluate the independent relationship
between severity of CAD (VD, Gensini score or CAD prog-
nostic index) and plasma BNP levels in concert with demo-
graphic variables, haemodynamic indexes and laboratory
data using JMP version 5.0. Variables included in the anal-
ysis were sex, age, BMI (body mass index), NYHA (New
York Heart Association) class, HT (hypertension), DM (di-
abetes mellitus), HLP (hyperlipidaemia), AF (atrial fibril-
lation), HD etiology and duration, medications, haemody-
namic and echocardiographic indexes and laboratory data
(creatinine, CRP, albumin and haemoglobin); P < 0.05 was
considered significant. Results were expressed as mean +
SEM.

Results

Patient characteristics

The baseline clinical characteristics in chronic HD patients
according to the presence and extent of CAD are shown in
Tables 1 and 2, respectively. In all of the studied patients,
the mean age was 67.6 & 0.7 years and 13% of the pa-
tients were female. Patients with CAD were more likely to
have a history of DM and HLP. There were no significant
differences in other past history, duration of HD, etiology,
medications or haemoglobin and creatinine levels between
CAD and non-CAD or among the three CAD-extension
groups. Patients with CAD showed a higher CRP level than
those with non-CAD, but there was no difference among
the three CAD-extension groups. Patients with 1-VD had a
higher serum albumin level than with 2-VD or 3-VD. Pa-
tients who showed NYHA functional class >2 were more
prevalent in those with multivessel disease or CAD.
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Geometric and functional parameters obtained by
echocardiography or cardiac catheterization are shown in
Table 3. In all of the studied patients, mean EF was 45.5 =+
1.1% and mean LVMI, LV end-diastolic volume index
(LVEDVI) and LV EDWS were 163.5 = 4.3 g/m?, 84.4 £
3.0 ml/m? and 35.5 2.0 kdynes/cm?, respectively.

Table 1. Patient characteristics [1]

Non-CAD CAD P-value
N 51 128
Age (years) 665+ 13 68.1 £ 0.8 0.30
Females 9 (18%) 15 (12%) 0.30
BMI (kg/m?) 22.6 04 22.1+£0.5 0.50
HT 49 (96%) 120 (94%) 0.51
DM 19 (37%) 72 (56%) 0.02
HLP 15 (29%) 60 (47%) 0.02
AF 2 (4%) 11 (9%) 0.25
oMl 9 (18%) 38 (30%) 0.11
CABG 3 (6%) 20 (16%) 0.23
NYHA class > 2 5(10%) 44 (34%) <0.01
HD duration (years) 6.5+ 1.2 7.7+0.7 0.87
Etiology
nephrosclerosis 23 (45%) 44 (34%) 032
DM 16 (31%) 52 (41%) 0.56
CGN 8 (16%) 26 (20%) 0.61
PCKD 2 (4%) 3 (2%) 0.32
Others 2 (4%) 3(2%) 0.32
Medication
ACEI or ARB 23 (45%) 60 (47%) 0.80
B-blocker 29 (57%) 77 (61%) 0.54
Ca blocker 49 (96%) 122 (95%) 0.62
Laboratory
BNP (pg/ml) 285+ 30 1237 + 144 <0.001
Cr (mg/dl) 85+ 0.5 87+03 0.65
Haemoglobin (g/dl) 103+ 0.1 10.1 £ 0.1 0.39
Albumin (g/dl) 3.70 £ 0.05 3.73 £ 0.04 0.52
CRP (mg/d}) 0.29 +0.05 0.52 + 0.06 0.02

ACEI = angiotensin-converting enzyme inhibitor; AF = atrial fibrilla-
tion; ARB = angiotensin receptor blocker; BMI = body mass index;
CABG = coronary artery bypass grafting; CGN = chronic glomeru-
lonephritis; Cr = serum creatinine; CRP = C-reactive protein; DM =
diabetes mellitus; HD = haemodialysis; HLP = hyperlipidaemia; HT =
hypertension; NYHA = New York Heart Association; OMI = old my-
ocardial infarction; PCKD = polycystic kidney disease.

Values are mean &= SEM or number (%).

Table 3. Echocardiographic and haemodynamic parameters
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Cut-off level for detecting CAD

Fifty-one patients who underwent CAG had no significant
coronary stenotic lesions. Plasma BNP levels were signifi-
cantly higher in patients with CAD than in those with non-

Table 2. Patient characteristics {2]

1-VD 2-VD 3-VD P-value
N 44 33 sl

Age (years) 677412 68.14+18 68412 092
Females 2 (5%) 5(15%)  8(15%)  0.14
BMI (kg/m?) 220£04 213+£05 226+10 028
HT 39(89%)  33(100%) 48 (96%)  0.09
DM 20 (46%)  18(56%)  34(68%)  0.09
HLP 17(39%)  16(49%)  27(53%) 031
AF 4 (9%) 2 (6%) 5(10%) 082
OMI 1227%)  9Q27%)  17(33%) 0.56
CABG TU6%) 2 (6%) 11 (22%)  0.12
NYHA class > 2 4(9%) 13 (44%)  27(53%) 0.0l

HD duration {yrs) 9.9+ 1.6 7.6 1.4 6.2+08 0:10
Etiology
nephrosclerosis 16 (36%) 9 (28%) 19 (37%) 0.32

DM 12 (27%) 15 (46%) 25(49%) 0.18

CGN 13(29%) 7(21%) 6 (12%) 0.08

PCKD 1 (2%) 1(3%) 1(2%) 0.32

Others 1 (2%) 1 (3%) 1 (2%) 0.32
Medication

ACEl or ARB 20 (45%) 14 (44%)  26(51%) 0.78

B-blocker 28 (63%)  23(72%) 26(51%) 0.14

Ca blocker 41(93%)  32(96%) 47(93%) 042
Laboratory

BNP (pg/m}) 496 +49 932+ 119 2073 £317 <0.001

Cr (mg/d}) 82+08 9105 88+04 032

Haemoglobin (g/d) 103+£0.2 102+03 100£02 058

Albumin (g/dl) 3.90 £+ 0.06 3.65+0.06 3.66+0.06 0.01

CRP (mg/dl) 041+ 007 049+0.15 0.65+0.11 0.23
Gensini score 33.6+34 49.0+4.0 847458 <0.001
CAD prognostic index 27.2+13 426=£19 688417 <0001

ACEI = angiotensin-converting enzyme inhibitor; AF = atrial fibrilla-
tion; ARB = angiotensin receptor blocker; BMI = body mass index;
CABG = coronary artery bypass grafting; CAD = coronary artery disease;
CGN = chronic glomerulonephritis; CGN = chronic glomerulonephritis;
Cr = serum creatinine; CRP = C-reactive protein; DM = diabetes melli-
tus; HD = haemodialysis; HLP = hyperlipidaemia; HT = hypertension;
NYHA = New York Heart Association; OMI = old myocardial infarction;
PCKD = polycystic kidney disease.

Values are mean & SEM or number (%).

Non-CAD 1-VD 2-VD 3-VD P-value
LVEDD (mm}) 489119 516+ 1.2 527413 546+ 1.0 <0.01
PWT (mm) 1134+03 103+£03 11.24+03 10.3+03 0.01
LAD (mm) 423+038 43.8+ 1.0 430+ 1.6 42,7+ 1.1 0.79
E/A 0.80 & 0.05 098 +0.12 0.83 £ 0.07 0.93 £+ 0.09 0.44
DCT (msec) 249+ 9 219 £ 11 226 4+ 12 203+ 10 0.03
LVMI (g/m?) 152 £ 10 157+ 6 183 £ 10 167 £7 0.02
EF (%) 527%1.6 , 458+22 440426 40.1+1.9 <0.01
LVEDVI (ml/m?) 735441 * 88.0£5.8 850+ 74 90.8 £ 6.5 0.18
LVSP (mmHg) 147+3 145+ 4 146 + 4 140 £ 4 0.52
LVEDP (mmHg) 124 £ 0.6 13710 147 +1.1 184 £ 0.9 <0.01
EDWS (kdynes/cm?) 238+1.6 340+ 5.1 325+3.1 48.7+3.8 <0.01

DCT = deceleration time of early diastolic filling; EDWS = end-diastolic wall stress; EF = ejection fraction; E/A = ratio of peak mitral E-wave
velocity to peak mitral A-wave velocity; LAD = left atrial dimension; LVEDD = left ventricular end-diastolic dimension; LVEDP = left ventricular
end-diastolic pressure; LVEDVI = left ventricular end-diastolic volume index; LVMI = left ventricular mass index; LVSP = left ventricular peak

systolic pressure; PWT = posterior wall thickness.
Values are mean + SEM.
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Fig. 1. Receiver operating characteristic (ROC) curve for plasma BNP
as a predictor of relevant coronary artery disease. AUC = area under the
ROC curve.
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Fig. 2. (A) Plasma BNP levels in relation to the number of coronary
arteries with =>70% diameter stenosis. The box defines the interquartile
range with the median indicated by the crossbar. The error bars indicate

the 10th and 90th percentiles. (B) Correlation between log plasma BNP
level and log Gensini score.

CAD (1237 + 144 and 285 =+ 30 pg/ml, respectively; P <
0.01). The ROC curve for BNP as an indicator of the pres-

ence of CAD is shown in Figure 1. The area under the ROC
curve was 0.837 (95% confidence interval 0.778-0.895).

S. Niizuma ef al.

The optimal value of BNP as an indicator of CAD was 366
pg/ml, with a sensitivity of 79%, a specificity of 73%, an
accuracy of 77%, a positive predictive value of 88% and a
negative predictive value of 58%.

CAD extension and plasma BNP levels

Of the 128 patients in the CAD groups, 44, 33 and 51 pa-
tients had 1-VD, 2-VD and 3-VD, respectively. As shown in
Figure 2, plasma BNP levels increased progressively with
the extent of CAD (1-VD, 496 + 49 pg/ml; 2-VD, 932 +
119 pg/ml; 3-VD, 2073 £ 317 pg/ml; P < 0.01). Further-
more, they correlated well with the Gensini score (= 0.65,
P <0.01) or the CAD prognostic index (» = 0.60, P < 0.01).
Thus, plasma BNP levels were directly correlated to the ex-
tent of CAD, and the difference between each category was
highly significant.

Haemodynamic parameters and plasma BNP levels

In comparisons among the CAD groups, there were no
significant differences in LVMI (P = 0.08), LV volume
(P = 0.83) or EF (P = 0.15). However, higher LV EDWS
and EDP were observed in the 3-VD group (P < 0.01), as
shown in Table 3. Also, the non-CAD group showed lower
LV volume and EDWS and higher EF than CAD group.
As demonstrated in Figure 3, LV EDWS and EF were well
correlated with plasma BNP levels (» = 0.61 and 0.53, P <
0.01, respectively) and LVMI was significantly, but poorly,
correlated (r = 0.27, P = 0.009). Furthermore, a multi-
variable regression analysis that took into account EDWS
demonstrated a significant positive association between the
Gensini score, the extent of CAD (the number of diseased
vessels), or the CAD prognostic index and plasma BNP
levels. In addition, EF was independently associated with
plasma BNP level, whereas LVMI and NYHA > 2 were
unrelated to plasma BNP once the effects of the EDWS,
Gensini score and EF were accounted for (Table 4). The fit
(R-square) of the model including these variables was 0.53.

Discussion

CAD is one of the leading causes of morbidity and mor-
tality in chronic HD patients. However, since most patients
remain asymptomatic because of deconditioning, limited
activity levels and the effects of long-standing DM, the
early detection of CAD is difficult. Recently, Charytan
et al. studied 67 asymptomatic HD patients who volun-
teered for CAG with a median follow-up of 2.7 years [23].
They showed that 41.7% of the patients had CAD and
that the proximal CAD, multivessel disease or the CAD
prognostic index >48 was associated with higher mortal-
ity. CAG is a definitive diagnostic tool, but it is invasive. It
is essential to diagnose the presence and severity of CAD by
non-invasive tests as early as possible in HD patients. In the
present study, although the area under the ROC curve was
<0.85, which makes a BNP test of limited clinical value for
detecting CAD, the present result seems to be superior to
other reports on patients with no CKD [13] or on those with
CKD not requiring dialysis [24]. Also, the diagnostic utility
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Fig. 3. Correlations between log BNP level and (A) log LV end-diastolic
wall stress (EDWS), (B) LV ejection fraction (EF) and (C) LV mass index
(LVMI) in all studied patients.

Table 4. Predictors for BNP levels in regression analysis

Log BNP
Parameter B-coefficient P-value
NYHA > 2 W NS
LVMI NS
EF —0.018 0.009
Log EDWS 0.694 < 0.001
Log Gensini score 0.012 < 0.001

NYHA = New York Heart Association; LVMI = left ventricular mass
index; EF = ejection fraction; EDWS = end-diastolic wall stiess.
Significant univariable predictors were included into the multivariable
regression model as continuous and NYHA > 2 as a binary variable.

of other non-invasive tests, including exercise ECG, dobu-
tamine stress echocardiography and scintigraphy for pa-
tients with CKD, is reported to be less than that observed in
those with no CKD [25]. Thus, the measurement of plasma
BNP levels in combination with other non-invasive inves-
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tigations might help in assessing CAD involvement and
aggressive management in this high-risk population.

Several recent studies have suggested that plasma BNP
levels may have prognostic potential in chronic HD pa-
tients. Zoccali et al. demonstrated that BNP was an inde-
pendent predictor of overall and cardiovascular mortality
in HD patients [17]. Cataliotti ef al. reported that BNP was
significantly higher in dialysis patients who died of cardio-
vascular causes than in survivors [26]. Although LV mass
and function have been considered to be important asso-
ciated factors, ischaemia was not sufficiently considered
in these reports. There have been few studies on the as-
sociation between plasma BNP level and ischaemia itself
in chronic HD patients. Although both Osajima ef al. and
Nishikimi ef al. reported elevated plasma BNP levels in
HD patients with CAD [27,28], the diagnostic evaluation
of CAD does not seem to be sufficient and the sample num-
ber was relatively small. In the present study, we used CAG
in all patients for a thorough evaluation of disease sever-
ity. The number of diseased coronary arteries, the Gensini
score or the CAD prognostic index well correlated with the
plasma BNP levels in our study population. Plasma BNP
levels may achieve prognostic potential, at least in part, by
reflecting the presence and severity of CAD in chronic HD
patients. Recently, BNP/NT-proBNP has also been shown
to be useful in stable CAD patients with normal renal func-
tion. Plasma BNP levels could predict the extent of angio-
graphic coronary artery stenosis and prognosis in patients
with stable angina pectoris [13,29] as well as in those with
ACS [30]. McClure et al. reported that, in patients with
coronary ischaemia, removal of coronary stenosis by percu-
taneous coronary revascularization resulted in decrease of
plasma NT-proBNP [31]. Although the pathophysiological
mechanism behind the relation between CAD and elevated
BNP levels is not well defined, Goetze et al. reported that
tissue hypoxia alone could trigger release of BNP in the
absence of LV dysfunction [10]. We recently demonstrated
that LV EDWS is a crucial haemodynamic determinant of
plasma BNP levels in patients with chronic heart failure
[7]). Therefore, we measured LV EDWS and tried to clarify
the independent role of chronic ischaemia on plasma BNP
from haemodynamic load in the setting of CAD in HD pa-
tients. As a result, LV EDWS was associated with plasma
BNP levels, but to a lesser extent than in patients with heart
failure [7,32]. The extent of CAD (including the Gensini
score or the CAD prognostic index) was correlated with
plasma BNP levels independent of the haemodynamic load
according to a multivariable analysis. Chronic ischaemia
itself might contribute to the elevated BNP levels in the
present setting.

Several limitations should be considered in interpreting
our results. First, the study population was relatively small,
especially in the non-CAD group. Any negative findings
could thus be caused by a low statistical power. Second,
only plasma BNP levels were considered in our study. Re-
cently, the measurement of NT-proBNP was increasingly
used clinically because of its longer half-life and larger size.
NT-proBNP might be more dependent on renal clearance
than BNP [33]. However, most studies have demonstrated
that both are equally useful, even in CKD and HD patients
[34,35]. Third, echocardiography was typically performed
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the day before cardiac catheterization. This time lag could
have influenced the results. Last, in the present study, a
cohort of HD patients consisted of those who had been re-
ferred for CAG due to symptoms or objective evidence of
ischaemia, and asymptomatic patients with lack of objec-
tive evidence of ischaemia were not included. Therefore,
the applicability of our results to the screening for CAD in
all HD patients might be limited.

The present study clearly showed that plasma BNP levels
were closely correlated with disease severity as assessed by
the number of stenotic coronary arteries, the Gensini score
and CAD prognostic index in chronic HD patients with
CAD. In addition, they had significantly higher plasma BNP
levels than those with non-CAD. We also analyzed EDWS
and showed that chronic ischaemia itself might contribute
to the increased BNP levels in addition to the EDWS in this
setting. Therefore, our data suggest that plasma BNP levels
may be a useful marker in the diagnosis and follow-up of
stable CAD in patients with chronic HD by reflecting both
the haemodynamic load and the presence and severity of
ischaemia.
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Summary

Objectives: Metabolic syndrome is defined as a cluster of risk factors for cardio-
vascular disease and is intimately related to insulin resistance. Resistin, a hormone
secreted by adipocytes, may play an important role in communication between adi-
posity and insulin resistance. We investigated whether variations in the resistin gene
associated with metabolic syndrome in a Japanese population.

Method: We analyzed five SNPs, two of which were located in the promoter region
(—420C>G, 358G >A), two in intron 2 (+157C>T, +299G > A), and one in the 3-
untranslated region (3'UTR) (+1263G > C) across the resistin gene in 2968 residents
from an urban Japanese cohort. The associations of SNPs and haplotypes with
metabolic syndrome were analyzed.

Results: The GAC and CGC haplotypes (comprising —420C>G, —358G>A, and
+157C > T) had opposite influences on metabolic syndrome susceptibility in men; the
former was associated with an increased risk and the latter with a decreased risk.
We also found that the —420G allele was significantly associated with an increased
risk of metabolic syndrome and significantly correlated with high diastolic blood
pressure, high HOMA-IR values, high serum triglyceride levels, low HDL-cholesterol
levels and high serum levels of adiponectin.

* Corresponding author. Tel.: +81 6 6833 5012; fax: +81 6 6872 7486.
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Conclusion: We identified a risk-conferring SNP and haplotype of the resistin gene for
metabolic syndrome in a Japanese population. Our data suggested that resistin gene
is a susceptibility gene for metabolic syndrome in Japanese men.

Crown Copyright © 2008 Published by Elsevier Ltd on behalf of Asian Oceanian Asso-
ciation for the Study of Obesity. All rights reserved.

Introduction

Metabolic syndrome is defined as a cluster of
metabolic abnormalities, including obesity, glu-
cose intolerance, dyslipidemia, and hypertension
[1,2]. Metabolic syndrome promotes atherosclero-
sis, leading to cardiovascular disease, and increases
the risk of type 2 diabetes. Because type 2 diabetes
is a well-known risk factor for cardiovascular dis-
ease, metabolic syndrome has long been recognized
as an important underlying cause of cardiovascular
problems [3].

Epidemiologic studies indicate that metabolic
syndrome has become more prevalent in both West-
ern and Asian countries as lifestyle choices such
as a high-calorie diet and sedentary behavior have
become more common. These studies indicate that
environmental factors influence the prevalence of
metabolic syndrome [4]. In addition, a genetic pre-
disposition for metabolic syndrome has also been
demonstrated [6—16].

Recent evidence indicates that adipocytes
secrete several molecules that effect glucose
metabolism and insulin sensitivity, such as fatty
acids, adiponectin, leptin, and interleukin-6, while
visceral obesity impairs or modulates the func-
tion of these hormones and thus leads to
metabolic syndrome [5]. Resistin is a hormone
that is secreted from adipocytes and down-
regulated by thiazolidinediones [6]. These drugs are
peroxisome proliferator-activated receptor-gamma
(PPARYy) agonists that improve insulin resistance
by activating genes containing PPARy responsive
elements, including genes involved in regulat-
ing glucose metabolism and insulin sensitivity [7].
Therefore, it has been proposed that resistin may
crucially link adiposity to insulin resistance. Step-
pan et al. have shown that administration of
recombinant resistin induces hyperglycemia and
insulin resistance, while infusion of anti-resistin
antibodies ameliorates these changes [8]. Subse-
quent studies have indicated that mice with the
null allele of the resistin gene are protected against
hyperglycemia when fed a high-fat diet, because
resistin deficiency leads to decreased hepatic
glucose production without affecting whole-body
glucose disposal [9]. Thus, a significant role of
resistin in glucose metabolism is well documented

in rodents. However, the role of resistin in human
glucose metabolism and related diseases remains
controversial {10—-12].

Some clues about the influence of resistin on
glucose metabolism in humans have been obtained
from genetic studies in certain populations. Engert
et al. and Conneely et al. identified resistin gene
variants that were associated with obesity and type
2 diabetes in humans [13,14]. However, these asso-
ciations have been inconsistent, probably due to
differences in sample size, ethnicity, and disease
status [15—19]. In light of the possible involvement
of resistin in insulin resistance and the regulation
of resistin gene expression by thiazolidinediones,
we investigated whether variations of the resistin
gene were associated with metabolic syndrome in
an urban Japanese population.

Methods

Subjects and definition of metabolic
syndrome

We recruited and obtained written informed con-
sent for 3655 participants from Suita city (Osaka
Prefecture, Japan) during routine physical checks
from April 2002 to February 2004. The study design
was approved by the institutional research board
and ethics committee of the National Cardiovas-
cular Center and by the Committee on Genetic
Analysis and Gene Therapy of the National Car-
diovascular Center. Among 3655 participants, 2968
persons were included in the analysis because
we could collect blood after a 12-h fast and
because all five single nucleotide polymorphisms
(SNPs) of the resistin gene were successfully
genotyped in these subjects. According to the
Japanese consensus definition, metabolic syndrome
is defined as central obesity (waist circumfer-
ence >85cm for men and >90cm for women)
plus any two of the following three factors: dys-
lipidemia (triglycerides >1.69mmol/l (150mg/dl)
and/or high-density lipoprotein (HDL) cholesterol
<1.03mmol/t (40mg/dl) or lipid-lowering ther-
apy), hypertension (systolic BP >130 and/or
diastolic BP >85mmHg, or antihypertensive ther-
apy), and fasting plasma glucose >6.11 mmol/l
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(110mg/d\) or previously diagnosed type 2 diabetes
[20]. Subjects that did not meet the metabolic syn-
drome criteria were defined as intermediates if
they met one or more of the above criteria or as
controls if they had none of these criteria. Among
2968 persons, we identified 424 metabolic syn-
drome subjects, 1779 intermediate subjects, and
765 controls (Table 1).

As for evaluating the relation between the
resistin genotype and plasma concentration of it,
we recruited and obtained written informed con-
sent for 169 volunteers from Yahaba town (lwate
Prefecture, Japan).

Clinical parameters

Blood pressure was measured after at least 10min
of rest in the sitting position. The mean value of
2 SBP or DBP measurements obtained by a physi-
cian using a mercury sphygmomanometer (recorded
>3min apart) was used for analysis. Subjects
were classified as current smokers or drinkers if
they still smoked or drank. After 12h of fasting,
blood samples were collected into tubes containing
EDTA. Total cholesterol and HDL cholesterol lev-
els were measured with an autoanalyzer (Toshiba
TBA-80) in accordance with the Lipid Standard-
ization Program of the US Centers for Disease

Control and Prevention through the Osaka Medical
Center for Health Science and Promotion, Japan.
Plasma concentrations of resistin were measured
by radioimmunoassay (SRL, Inc., Tokyo, Japan).

Screening and identification of SNPs in the
resistin gene

DNA samples were isolated from peripheral blood
leukocytes of participants using an NA-3000 (Kurabo
Industries Ltd., Osaka, Japan). Five primers sets
were designed to amplify the promoter region,
exons, and intron/exon boundaries of the resistin
gene. The initial SNP screening was performed using
24 randomly chosen DNA samples. Screening for
genetic variants was performed by the denatur-
ing HPLC method, in which the PCR products were
analyzed using the WAVE DNA Fragment Analysis
and WAVEMAKER software 4.0 (Transgenomic, Inc.,
Omaha, NE, USA) according to the manufacturer’s
protocol. All detected variations were further con-
firmed by direct sequencing using an ABI 3700
(Applied Biosystems, Foster City, CA, USA). SNPs
were genotyped by TagMan PCR (ABI PRISM 7900HT,
Applied Biosystems). The validity of these detec-
tion systems was verified prior to the large-scale
study, using 24 samples that were genotyped at the
initial screening. All SNPs analyzed in this study
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were verified by two different genotyping meth-
ods.

Estimation of haplotype frequencies and
evaluation of linkage disequilibrium of the
resistin gene

Haplotypes and the linkage disequilibrium coef-
ficient (D' and r?-values) were computed using
Haploview software, version 3.32 (http://www.
broad.mit.edu/personal/jcbarret/haploview).

Statistical analysis

We analyzed an urban Japanese cohort that was
divided into the following three groups: metabolic
syndrome subjects, intermediates, and controls.
Clinical parameters were compared between the
metabolic syndrome and control groups by a
Dunnett test and the trend analysis for clinical
parameters among the three groups was performed
by the Tukey—Kramer HSD test. Data on fasting
blood glucose, HOMA-IR, triglyceride, leptin, and
adiponectin levels were transformed to natural
logarithm values before analysis. The following
numbers are missing from the data: a HOMA-IR
value, an LDL-cholesterol value, a leptin level, and
15 adiponectin levels.

We analyzed the association between the risk
haplotype and metabolic syndrome by the x?-test
using Haploview software. The genotypic relative
risk comparing the metabolic syndrome group with
the control group was assessed by calculating the
odds ratio (OR) and the 95% confidence interval
(C.1.), using logistic regression analysis after adjust-
ing for age and sex. Clinical variables between
subjects with and without the risk allele were
compared by a logistic regression analysis with
adjustments for age and sex.

All P-values were two-tailed, and P-values below
0.05 were considered statistically significant. All
statistical analyses without association studies of
haplotypes were performed using JMP software,
version 6.0 (SAS Institute, Inc., Cary, NC).

Results

Clinical features of metabolic syndrome

Table 1 shows the clinical characteristics of the
control subjects and metabolic syndrome subjects.
The metabolic syndrome group was predominantly
men (men/women ratio: 324/100) and older than
control subjects (67.5+9.6 vs. 59.5:£11.5 years).

The body mass index, waist circumference, sys-
tolic and diastolic blood pressure, fasting blood
glucose, hemoglobin A, and triglyceride levels of
the metabolic syndrome group were significantly
higher and HDL-cholesterol was significantly lower
than the control groups, reflecting the criteria
used to define this syndrome. Total cholesterol
and LDL-cholesterol were not significantly differ-
ent between the metabolic syndrome and control
groups. The serum leptin and adiponectin levels
of subjects with metabolic syndrome were signif-
icantly higher and lower than those of the control
group, respectively, suggesting an abnormal body
fat distribution in the former group.

ldentification of resistin gene
polymorphisms

Twenty-four individuals were examined for resistin
gene polymorphisms, including all four exons (Gen-
bank accession number: AF352730, nt 2316—4913),
using the WAVE system. A total of 10 SNPs were
found, and the five SNPs with the highest frequen-
cies were selected (Table 2). All five SNPs were in
Hardy—Weinberg equitibrium, and were reported
in the IMS-JST SNPs database (http://snp.ims.u-
tokyo.ac.jp/index.html) or in the NCBI db SNP
database  (http://www.ncbi.nlm.nih.gov/SNP/).
Two of the five SNPs were located in the pro-
moter region (—420C>G, -—-358G>A), two in
intron 2 (+157C>T, +299G>A) and one in the
3’-untranslated region (3’UTR) (+1263G > C).

Evaluation of linkage disequilibrium

Using these five SNPs as tags to define haplotypes,
we evaluated the pattern of linkage disequilibrium
in the 2968 subjects. As shown in Fig. 1, there was
one linkage disequilibrium block in this population,
and SNP-1 (—420C > G), SNP-2 (—358G > A), and SNP-
3 (+157C>T) were in strong linkage disequilibrium.
Thus, these three SNPs (SNP-1, -2, and -3) were
used to define haplotypes.

Association of resistin gene variations with
metabolic syndrome

An analysis of the association between varia-
tions in the resistin gene and metabolic syndrome
showed that a haplotype comprising SNP-1, -
2, and -3 conferred significant susceptibility to
metabolic syndrome in men (Table 3). The GAC
haplotype was associated with a significantly
increased risk of metabolic syndrome among men
but not women (metabolic syndrome 23.1%, control
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Exon b 2 3 4 106bp
,i{\ - \\ L
\
~420G>C S338G7A | HIS7CHT ] +299GA | +157C>T
~420G>C 1.000 1.000 0.606 0.175
-358G>A 0.500 1.000 0.716 0.881
+157C>T 0.132 0048 0.995 0.485 D
+299G>A 0304 0.212 0.108 0.100
+157C>T 0.006 0.079 0.006 0.006
2

Figure 1 Using five SNPs (—420C>G, —358G>A, +157C>T, +299G> A, +1263G> C) as tags to define haplotypes, we
calculated the pair-wise r? and D for each SNP pair and evaluated the linkage disequilibrium pattern for the resistin

gene in 2968 subjects.
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16.5%; OR=1.52, 95%C.l., 1.10-2.11; P=0.010),
whitle the CGC haplotype was associated with
a decreased risk of metabolic syndrome, also
only in men (metabolic syndrome 63.6%, control
70.3%; OR=0.73, 95%C.l., 0.56—0.96; P=0.026).
After permutation tests (n=1000), the association
between the GAC haplotype and metabolic syn-
drome remained significant (P=0.046) while that
between CGC and metabolic syndrome did not
(P=0.094).

The —358A allele is a representative SNP of the
GAC haplotype of SNP-1, -2, and -3 and contributes
to an increased risk of metabolic syndrome. Assum-
ing a dominant model, the —358A polymorphism
was associated with an increased risk of devel-
oping metabolic syndrome in Japanese individuals
(OR=1.3, 95%C.l., 1.0—1.8; P=0.047). However,
as shown in Table 4, the —420G allele had a
higher odds ratio in metabolic syndrome subjects
than controls after adjusting for sex and age
(OR=1.5, 95%C.l., 1.1—2.0; P=0.004). Moreover,
the +299G>A SNP in intron 2 was also domi-
nantly associated with metabolic syndrome in this
Japanese cohort. As the +299G>A SNP was not
in linkage disequilibrium with either SNP-420C > G
or SNP-358G > A, the +299A allele may be another
putative marker SNP for metabolic syndrome that
is unrelated to the —420C > G SNP. However, there

was no significant association with the +299A allele
in both men and women subgroups. Moreover, the
—420C>G SNP and —358G>A SNP were signifi-
cantly associated with metabolic syndrome only
in men.

Association of the —420C > G SNP with
clinical parameters in urban Japanese men
and women

Table 5 shows the association of these SNPs with
various clinical parameters using an analysis of
covariance, after adjusting for age. Diastolic blood
pressures in men with the —420CG+ GG genotype
were significantly higher than those in men with
the —420CC genotype. Men with the —420CG + GG
genotype also had higher serum triglyceride lev-
els and lower serum HDL cholesterol levels than
those with the —420CC genotype. Insulin resis-
tance by the homeostasis model of assessment
(HOMA-IR) value was significantly higher in those
with the —420CC + CG genotype than in those with
the —420CC genotype (1.66+0.02 vs. 1.50+0.06;
P=0.043). Moreover, serum adiponectin levels in
men with the —420CG + GG genotype were signif-
icantly lower than levels in men with the —420CC
genotype.
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Figure 2 Plasma resistin concentration and resistin —420C > G genotype in Japanese men and women.

Association of the —420C > G SNP with
plasma resistin concentration in Japanese
men and women

We examined the relation between the plasma
resistin concentration and the —420C > G SNP using
the samples of healthy volunteers in lwate prefec-
ture. Fig. 2 shows plasma concentration of resistin
in men and women according to the —420GG, CG
and CC genotype, respectively. Plasma resistin con-
centration was tended to be higher in men than
in women (5.3+0.3 vs. 4.6:+0.3; P=0.055). In
both men and women, plasma resistin concentra-
tion was significantly high in order of those with
the —420GG, CG and CC genotype.

Discussion

This study used the 2005 Japanese definition of
metabolic syndrome to diagnose and study 2968
individuals from the general population. We defined
subjects having none of the components of this syn-
drome as controls, and thus obtained 424 metabolic
syndrome subjects and 765 control subjects for the
case—control study. After a thorough analysis of
SNPs in the full-length resistin gene, we selected
five tagging SNPs to predict haplotypes and identi-
fied one linkage disequitibrium block.

We then demonstrated that the GAC and CGC
haplotypes had opposite effects on metabolic syn-
drome susceptibility, the former being associated
with an increased risk of metabolic syndrome and
the latter with a decreased risk. However, this
was only true for men and there was no such
association for women. We also showed that the

—358A and —420G alleles, which were in linkage
disequilibrium, and the +299A allele, which was
not linked with the other alleles, were all associ-
ated with an increased risk of metabolic syndrome.
Furthermore, the —420G allele was significantly
correlated with high diastolic blood pressure, high
serumn triglyceride, low HDL-cholesterol and high
HOMA-IR levels. Interestingly, the serum level of
adiponectin (a hormone involved in insulin resis-
tance and atherosclerosis) was also correlated with
the allele, implying that these genetic variations
might promote metabolic syndrome.

Previous studies on the association of resistin
gene variants with obesity and type 2 diabetes have
yielded conflicting results. Sentinelli et al. found no
significant association of resistin gene variants in
European subjects with type 2 diabetes or obesity
compared to controls [15]. Osawa et al. also failed
to detect an association between the —167C>T,
+157C>T, and +299G>A SNPs of this gene and
type 2 diabetes [16]. However, Engert et al. found
an association between SNPs in the resistin gene
promoter region and obesity in Canadian and Scan-
dinavian populations [13]. Subsequently, Osawa et
al. demonstrated that the CG+GG genotype of
the —420C>G SNP of resistin gene is significantly
associated with type 2 diabetes:-in Japanese sub-
jects [21]. Additionally, they showed that this
variation enhanced resistin gene promoter activity
through specific binding of Sp1/3, implying that the
—420C > G SNP is a causative variant [21]. We found
significant associations between the prevalence of
metabolic syndrome in Japanese men and resistin
SNPs and haplotypes, with markedly lower P-values
than those reported to date. Such strong associa-
tions might be due to the large sample size and the
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selection of a cohort that is representative of urban
Japanese populations.

Gender differences in the prevalence of
metabolic syndrome have been reported [22].
Previous studies have shown that visceral fat is
highly responsive to androgens, suggesting that a
gender difference in the etiology of this syndrome
may exist. There is also a gender difference in
plasma adiponectin levels [23], and the results
from this genetic study are compatible with these
observations.

In mice, previous observations have suggested
that resistin plays a role in insulin resistance
and glucose metabolism. Banerjee et al. showed
that mice with the null allele of this gene
have improved glucose tolerance compared with
control littermates when fed a high-fat diet
[9]. This change was paralleled by decreased
hepatic glucose production due to decreased
gluconeogenesis. Enzymes involved in gluconeo-
genesis, such as glucose-6-phosphate (G6P) and
phosphoenolpyruvate carboxykinase (PEPCK), had
decreased activity. This reduction in activity was
partly due to AMPK activation as resistin deficiency
led to AMPK phosphorylation. These results suggest
that resistin may enhance hepatic gluconeoge-
nesis, presumably by antagonizing adiponectin,
which inhibits enzymes involved in gluconeogene-
sis through AMPK activation. However, in humans,
the role of resistin in insulin resistance is unclear.
Fehmann and Heyn reported that plasma resistin
levels are not different in type 1 and type 2
diabetes [12] and Menzaghi et al. showed the
no relation to insulin resistance [24]. However,
a small observational human study has indicated
that serum resistin levels negatively correlate with
HDL-cholesterol level, which is a component of
metabolic syndrome {25].

We found that certain resistin gene variants cor-
related with metabolic syndrome in Japanese men.
However, two limitations of this study should be
noted. (1) The Japanese criteria for metabolic syn-
drome differ from those of the National Cholesterol
Education Program Adult Treatment Panel Il (NCEP-
ATP Ill). Because of the cut-off value for waist
circumference, a relatively small number of women
were included in this study. However, the odds ratio
for metabolic syndrome susceptibility in women
was almost equal to the value obtained with the
NCEP-ATP {ll criteria (data not shown). (2) The study
cohort consisted predominantly of elderly Japanese
men and women living in urban areas with a tem-
perate climate. Therefore, these results need to be
confirmed in other cohorts.

In summary, we found that the G allele of the
—420C > G SNP of the resistin gene increased sus-

ceptibility to metabolic syndrome and correlated
with the clinical traits of this syndrome. This SNP
was also associated with lower serum adiponectin
levels, suggesting a possible functional relevance
of the resisitin gene in metabolic syndrome.
Taken together with previous results, resistin may
increase the susceptibility of metabolic syndrome
by modulating lipid metabolism and adiponectin
secretion from adipocytes. Further investigations
are needed to confirm this hypothesis.
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ABSTRACT

11@-Hydroxysteroid dehydrogenase type 1 (11p-HSD1), one of the isoforms of the 11p-
hydroxysteroid dehydrogenase enzymes, acts as an oxo-reductase to reactivate cortisone
to cortisol, plays a critical role in tissue-specific corticosteroid reactions, and is therefore a
key molecule associated with the development of metabolic syndrome. We investigated
whether variations in the 113-HSD1 gene correlated with metabolic syndrome. We per-
formed case-control study using a population-based urban Japanese cohort. Among 3005
urban residents, we examined 431 subjects diagnosed with metabolic syndrome according
to the Japanese definition and 777 subjects with none of metabolic syndrome criteria as
control. We genotyped three single nucleotide polymorphisms (SNPs) (+9410T>A,
+17925C>T, +27447G>C) across the 118-HSD1 gene in them and analyzed the associations
of SNPs and haplotypes with metabolic syndrome. The +9410A allele showed a tendency to
metabolic syndrome (OR = 1.5, 95%C.1., 1.0-2.2; P = 0.041 and Bonferroni corrected P = 0.123)
without statistical significance. However, we could not find any significant association

Haplotype between metabolic syndrome and SNPs in the 118-HSD1 gene. Our findings indicate that
polymorphisms and haplotypes in the 118-HSD1 gene are not significantly associated with
metabolic syndrome in the Japanese population.

© 2009 Elsevier Ireland Ltd. All rights reserved.
1. Introduction

an oxo-reductase that reactivates cortisone to cortisol [1] and
is an abundant intracellular componentin adipose tissue, liver

Two isoforms of the 11p-hydroxysteroid dehydrogenase and central nervous system [1-3]. In contrast, 118-HSD2 is a
enzyme (118-HSD), 11p-HSD type 1 (118-HSD1) and 11B-HSD dehydrogenase that inactivates cortisol to cortisone and is
type 2 (11B-HSD2), catalyze the conversion between hormon- exclusively expressed in organs involved in water and
ally active cortisol and inactive cortisone {1]. 113-HSD1 acts as electrolyte metabolism, such as the colon, kidney, sweat

* Corresponding author. Tel.: +81 6 6833 5012; fax: +81 6 6872 7486.
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gland, and placenta [1,4]. This differential expression provides
a mechanism for tissue-specific corticosteroid receptor acti-
vation that is independent of circulating cortisol concentra-
tions [1,5]. Moreover, studies using animal models have shown
that 118-HSD1 increases intracellular glucocorticoid levels by
converting circulating 11-dehydrocorticosterone (cortisone in
humans) into active corticosterone (cortisol) through 118-
reductase in adipocytes decrease intracellular glucocorticoid
levels [6-9]. In human, 11B-HSD activity in adipose tissue was
positively correlated with BMI [10] and 11p-HSD1 inhibition
enhances insulin sensitivity and provides a new approach to
control metabolic diseases, including type 2 diabetes [11-13].

Epidemiologic studies have indicated that metabolic
syndrome has become more prevalent in Western and Asian
countries due to both environmental factors and lifestyle
changes, such as a high-calorie diet and sedentary behavior.
However, there is also evidence that certain individuals are
genetically predisposed to metabolic syndrome and its related
traits. Polymorphisms in the HSD11B1 gene which encodes
11B-HSD1 have been reported to be associated with type 2
diabetes [14] and hypertension {15}]. In particular, Gelernter-
Yaniv et al. reported the positive association of the ins4436A
SNP in the HSD11B1 gene with BMI and insulin resistance in
obese children [16]. However, this association has been
inconsistent, probably because of differences in sample size
and ethnicity [17].

In light of the possible involvement of 118-HSD1 in
metabolic syndrome, we investigated whether genetic var-
iants of the HSD11B1 gene are associated with metabolic
syndrome.

2. Methods
2.1.  Subjects and definition of metabolic syndrome

We recruited 3655 residents on population-based cohort
(Suita, Osaka Prefecture, Japan) from April 2002 to February
2004 and obtained written informed consent to study SNPs.
The study design was approved by the Committee on Genetic
Analysis and Gene Therapy and the ethics committee of the
National Cardiovascular Center. We certify that all applicable
institutional and governmental regulations concerning the
ethical use of human volunteers weresfollowed during this
research. Of the 3655 participants, 3005 were included in the
study because blood could be collected from them after a 12-
h fast and because all three single nucleotide polymorphisms
(SNPs) of the HSD11B1 gene in these subjects were success-
fully genotyped. According to the Japanese Gonsensus
determined by eight scientific societies including the
Japanese Society of Internal Medicine, metabolic syndrome
is defined as central obesity (waist circumference >85 cm for
men and >90 cm for women) plus any two of the following
three factors: dyslipidemia (triglycerides >1.69 mmol/l
(150 mg/dl) and/or high-density lipoprotein (HDL) cholesterol
<1.03 mmol/]l (40 mg/dl), or lipid-lowering therapy), hyper-
tension (systolic blood pressure (SBP) >130 and/or diastolic
blood pressure (DBP) >85 mmHg, or antihypertensive ther-
apy), and fasting plasma glucose >6.11 mmol/l (110 mg/dl) or
previously diagnosed type 2 diabetes [18]. Subjects with none

of these metabolic syndrome criteria were defined as
controls. Among 3005 persons, 431 persons met the meta-
bolic syndrome criteria, 777 persons did not meet any one of
the metabolic syndrome criteria, and 1797 persons who
belonged neither to metabolic syndrome nor to controls were
indicated as intermediate in Table 1. The Japanese criteria for
metabolic syndrome differ from those of the National
Cholesterol Education Program Adult Treatment Panel III
(NCEP ATP 1II), which is considered present when at least
three of the five traits including an increased waist
circumference, blood pressure elevation, low HDL choles-
terol, high triglycerides, and hyperglycemia. As we thought
whether a 118HSD gene was involved in the crises of the
metabolic syndrome with the pathology which made visceral
fat accumulation a base, we used the Japanese criertia for
metabolic syndrome.

2.2.  Clinical parameters

Blood pressure was measured after at least 10 min of restin
the sitting position. The mean values of two SBP or DBP
measurements obtained by a physician using a mercury
sphygmomanometer (recorded >3 min apart) were used for
analysis. After 12 h of fasting, blood samples were collected,
and total cholesterol, HDL-cholesterol, and triglyceride levels
were measured with an autoanalyzer (Toshiba TBA-80) in
accordance with the Lipid Standardization Program of the US
Centers for Disease Control and Prevention through the
Osaka Medical Center for Health Science and Promotion,
Japan.

2.3, Anthropometric estimates

The participants, wearing no shoes and only underwear, were
weighed on an electronic scale, and results were recorded to
the nearest 0.1 kg. Height was measured to the nearest 0.1 cm
using height meter with the subject standing. Waist diameters
were measured to the nearest 1.0 cm at the height of the navel
upon breath intake using a non-extendable linen tape
measure.

2.4.  Screening and identification of SNPs in the human
HSD11B1 gene

Genomic DNA samples were isolated from peripheral
leukocytes of the participants. Eight primer sets were
designed to amplify the promoter and intron/exon bound-
aries of the HSD11B1 gene, and an initial SNP screening was
performed using 48 randomly chosen DNA samples. Screen-
ing for genetic variants was performed using a denaturing
HPLC method, in which the PCR products were analyzed using
WAVE DNA Fragment Analysis and WAVEMAKER software
4.0 (Transgenomic Inc.,, Omaha, NE, USA), following the
manufacturer’s protocol. All detected variations were con-
firmed by a direct sequencing using an ABI 3700 (Applied
Biosystems, Foster City, CA, USA). SNPs were genotyped using
TagMan PCR (ABI PRISM 7900HT, Applied Biosystems). The
validity of the detection systems was verified prior to the
large-scale study, using 48 samples that were genotyped at
the initial screening,
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2.5. Estimation of haplotype frequencies and evaluation of
linkage disequilibrium (LD) patterns in the HSD11B1 gene

We estimated the frequencies of the haplotypes and the
coefficient for LD (D' and r* value) among SNPs using
Haploview software version 3.32 (http://www broad.mit.edu/

mpg/haploview/).
2.6.  Statistical analysis

Clinical parameters were compared between metabolic
syndrome and control groups using the paired t-test, and a
trend analysis for clinical parameters was performed using the
Tukey-Kramer HSD test. Fasting blood glucose and triglycer-
ide levels were transformed to natural logarithms before
analysis. The association between the risk haplotype and
metabolic syndrome was assessed by the chi-square test using
Haploview software (http://www.broad.mit.edu/haploview/
haploview). This software enables a haplotype population
frequency estimation and tests the significant association by
Z-test. The genotypic relative risk was assessed by comparing
the metabolic syndrome group with the control group and
calculating the odds ratio (OR) and the 95% confidence interval
(C.1), using a logistic regression analysis after adjusting for age
and sex.

All P values are two-tailed, and P values below 0.05 were
considered statistically significant after Bonferroni correction.
Statistical analyses were performed using JMP software,
version 6.0 (SAS Institute Inc., Cary, NG, USA).

3. Results
3.1.  Clinical features of metabolic syndrome subjects
Table 1 shows the clinical characteristics of metabolic

syndrome and control subjects. Men had a higher prevalence
of metabolic syndrome than women (men, 24.2%; women,

6.1%) and metabolic syndrome subjects were older than
subjects without the syndrome (age, 67.6 £9.5; 59.5 +11.5
years, respectively). Metabolic syndrome had a significantly
higher body mass index (BMI), waist circumference, systolic
and diastolic blood pressures, fasting glucose, HbAlc, and
triglyceride levels ard significantly lower HDL-cholesterol,
reflecting the criteria of metabolic syndrome. Total cholesterol
levels were not significantly different between the groups.

3.2,  Identification of polymorphisms in the HSD11B1 gene

Forty-eight individuals were examined for polymorphisms in
the 11p-HSD1 gene using the WAVE system. A total of seven
SNPs and an insertion polymorphism were found in the gene.
All eight polymorphisms were in Hardy-Weinberg equili-
brium, and the seven SNPs were reported in the NCBI db SNP
database (http://www.ncbinlm.nih.gov/SNP/). Two of the
eight polymorphisms were located in the promoter region
(-718T>A, -658G>A), two polymorphisms in intron 3
(+1930insA, +1972T>G), three SNPs in intron 4 (+9410T>A,
+17925C>T, +27447G>C) and one SNP in the 3'UTR
(+29813G>A) (Table 2).

We evaluated the linkage disequilibrium pattern among
these eight polymorphisms and defined haplotypes using DNA
from 48 persons. As shown in Fig. 1, one LD block consisted of
SNPs from SNP-3 to SNP-8. As the I’ between SNP-7 and SNP-3,
-4, and -8 were all 1.00, respectively, and the r> between SNP-7
and SNP-3, -4, and -8 were 1.00, 1.00, and 0.899, respectively,
we considered that SNP-7 captured SNP-3, -4, and -8. Taking
together with their low allele frequencies of SNP-1 and -2, we
used three SNPs (SNP-5, -6, and -7) for determining a haplotype
of the LD block and this association study.

3.3.  Association of SNPs and haplotypes of the HSD11B1
gene with metabolic syndrome

As shown in Table 3, the +9410T>A SNP was nominally
associated with metabolic syndrome after adjusting for sex

Table 1 = Comparison of
Japanese population (n = 3005)

al parameters among metabolic syndrome, intermediate and control groups in an urban
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Table 2 - Characteristics of the polymorphisms in the 118-HSD1 gene locus.
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SNP -T18T>A -658G>A [+1930insA[H972T>GHI410T>A T 7928CoTIH27447G>CH29813G>A

1 TI8T>A 1.000 1.000 1.600 1.000 1.000 1.000 £.000

2 -658G>A | 0.000 1.000 1.600 1.600 1.000 000 1.000

3 | +1930insA | 0.001 0,001 1.0090 1,000 1600 1.000 1000

4 [ +19727>G | 9.001 0.001 1.000 1000 L0608 1000 1.000 o’
&5 | H9410T>A | 0,001 0.001 0.009 0.609 1.000 1.000 1.000

6 [F17925C>T| 0.006 0.006 0,061 0.461 0,130 1004 1000

T [ F¥27447G>C| 6.001 0.001 1.000 1.000 0.009 0.061 1.000

8 [129813G>A] 0.001 0.001 0.8%9 0.899 0.010 0.068 (.899

+1872T>G
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$17925C>T
+29813G5A
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+1930in%A

Block 1 (27 kb)
SNPs 3 4

Fig. 1 - Pairwise linkage disequilibrium in 118-HSD1 gene evaluated by D' and r’. Using the eight SNPs (—718T>A, —658G>A,
+1930insA, +1972T>G, +9410T>A, +17925C>T, +27447G>C, +29813G>A) in the 113-HSD1 gene, we calculated pairwise r’and
D' for each SNP pair and evaluated the linkage disequilibrium pattern of the 113-HSD1 gene in 48 pilot samples. The three
SNPs (+1930insA, +1972T>G and +27447G>C) are completely linked each other as both r? and D' among these SNPs equal to
1.0. A bold line surrounds a haplotype block.
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