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To elucidate the role of visceral fat accumulation in
the metabolic syndrome, differences in the pathology
of the metabolic syndrome with or without visceral fat
accumulation were investigated. A total of 472 pre-
diabetic Japanese men (mean age, 47.5 + 7.2 yr) with
impaired fasting glycemia (IFG) levels of 110-125 mg/
dL were eligible for participation in the study. The study
subjects were divided into the following four groups,
and intergroup comparisons were made: group | with-
out visceral fat area [VFA] > 100 cm? but presenting
with fewer than two other risk factors (i.e., TG > 150
mg/dL, HDL-C < 40 mg/dL, BP > 130/ > 85 mmHg, or
FPG > 110 mg/dL) (n = 231); group Il without VFA of
> 100 cm? but presenting with three or more other risk
factors (n=57); group Il with VFA of > 100 cm? accom-
panied by FPG > 110 mg/dL alone (n = 27); and group
IV with VFA 2 100 cm? and two or more other risk fac-
tors (n = 157). The prevalence of patients who had three
or more risk factors with or without VFA > 100 cm?
was 45.3% (214 out of 472 patients), while that of
those with VFA > 100 cm? who had two or more other
risk factors was 33% (157 out of 472 patients). Group
Il had significantly higher VFA values than group I
(p < 0.05), and group IV had significantly higher VFA
values than group Il (p < 0.001). While no significant
differences in HOMA-R values were seen between
groups | and Il, these values were significantly higher
in group IV compared to groups I and Il (p <0.001 and
p <0.05, respectively). Furthermore, group IV showed
significantly higher 2-h insulin levels after glucose load-
ing compared to group I (p < 0.001). While no signifi-
cant differences were seen between groups Il and 1V,
insulin levels tended to be higher in group IV. Adiponec-
tin levels showed an incremental fall in VFA from group
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I through groups Il and 111 to group IV. Groups Il and
IV showed significantly lower adiponectin levels com-
pared to group I (p <0.05, p <0.001, respectively); and
group IV showed significantly lower adiponectin lev-
els than group Il (p < 0.05). A logistic regression analy-
sis using VFA, TG and HDL-C, and BP as explanatory
variables showed that the relative risk for high HOMA-
R values were 2.65 (p < 0.001) for patients with VFA
2100 cm?; 1.64 (p < 0.05) for those with TG > 150 mg/
dL and HDL < 40 mg/dL; and 1.79 (p < 0.01) for those
with BP > 130/ > 85 mmHg. These findings demon-
strate that the degree of insulin resistance and the risk
of arteriosclerosis vary depending on whether or not
the metabolic syndrome accompanied by a clustering
of risk factors has visceral fat accumulation as an under-
lying pathology, strongly suggesting a crucial role for
visceral fat accumulation in the metabolic syndrome.

Key Words: Metabolic syndrome; ATPIII; visceral fat
accumulation; HOMA-R; adiponectin; high-sensitivity
CRP.

Introduction

The metabolic syndrome is defined as a metabolic disor-
der that predisposes affected individuals to cardiovascular
disease by causing insulin resistance, atherogenic lipopro-
tein abnormalities, and hypertension. A variety of diagnos-
tic criteria for the metabolic syndrome have become avail-
able overseas, including the criteria proposed by the National
Cholesterol Education Program (NCEP) Adult Treatment
Panel III (ATPIII) (/) and by the World Health Organiza-
tion (WHO) (2), a cause for some confusion among prac-
ticing physicians. In Japan, the Examination Committee on
Diagnostic Criteria for Metabolic Syndrome drew up and
published diagnostic criteria tailored to the Japanese popu-
lation in April 2005 (3). One major feature of these diag-
nostic criteria, in line with those of IDF (4), is their inclusion
of visceral fat accumulation, defined as a waist circumfer-
ence of over 85 cm in men and over 90 cm in women cor-
responding to a visceral fat area (VFA) of 100 cm? in an
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Table 1
Characteristics of Metabolic Syndrome With or Without Visceral Fat Accumulation
Group

I (n=231) I (n=57) I (n = 27) IV (n=157)
VFA > 100 cm? — — + +
Other risk factor (incl. FPG > 110) 24 31 1 27
MS (ATP III) — + — +
MS (new diagnostic criteria) — — — +
Age* 47+ 74 47 +7.2 49 + 6.6 49 + 6.87
Height (cm) 169 £ 5.6 169 + 6.4 170 + 6.1 169 £ 5.6
Body weight (kg)#*** 66.1 +7.6 66.8 + 9.6 75.1 £ 9.911# 75.8 £ 9.47T1 ¥
BMI##:* 24.1+3.0 243 +3.0 26.4 +2.57 27.4 £ 4574
VFA (cm?)##* 60 + 25 73 £ 237 118 + 257114 139 + 37TTT.HESS
SFA (cm?)#* 121 + 58 123 + 46 162 + 64714 155 + 61771 #
V/S ratio*** 0.56 £ 0.3 0.64 +£0.2 0.81 = 0.37 0.96 + 0.67TT#H+
TG (mg/dL)*** 113 + 64 219 + 86Tt 119 + 53#+# 186 + 10771783
HDL-C (mg/dL)*** 58+ 13 46 + 1777 58 = 16+ 51 + 12777
SBP (mmHg)*** 127 + 16 139 + 13 120 + 10%# 139 + 16777888
DBP (mmHg)*** 78 + 1 85 + 10777 75 £9 85+ 11777883
LDL-C (mg/dL)* 128 + 31 130 + 35 13124 139 + 347
Uric acid (mg/dL)** 62=+13 6.6+1.2 64+14 6.7 1.3
HbAlc (%) 52 +0.6 53+0.6 54+0.5 54+09
AUC for glucose (mg-h/dL)** 317 +52 31 £60 24 + 47 336+ 521
ACU for insulin (uU-h/mL)%*** 94 + 52 114 = 54 119 + 60 135 + 78777

#p < 0.05, ¥¥p < 0.01, ##%p < 0.001, for trend; p < 0.05, TTp < 0.01, 7p < 0.001 vs I; ¥p < 0.05, ¥p < 0.01,

HEp < 0.001 vs IT; $p < 0.01, $8p < 0.001 vs III.

VFA, visceral fat area; SFA, subcutaneous fat area; MS, metabolic syndrome; AUC, area under the curve.

abdominal CT scan at the umbilical level (5), as an essen-
tial criterion for the metabolic syndrome, which, with two
or more risk factors from among lipoprotein abnormalities
(TG = 150 mg/dL. and/or HDL-C < 40 mg/dL), hyperten-
sion (= 130/ > 85 mmHg), and FPG > 110 mg/dL, combine
to establish the diagnosis of the metabolic syndrome, thus
positioning visceral fat accumulation as a key player in the
metabolic syndrome (3). Our current study investigated what
pathology might be in place in patients who do not meet
these new criteria for the metabolic syndrome, despite the
observed clustering of multiple risk factors, other than vis-
ceral fat accumulation.

Results

The prevalence of the metabolic syndrome based on the
ATPIII diagnostic criteria and the new diagnostic criteria
was 45.3% (214 out of 472 subjects) and 33.3% (157 out of
472 subjects), respectively. Groups III and I'V had signifi-
cantly higher BMI values than group I (p < 0.05 and p < 0.001,
respectively), and group IV showed significantly higher BMI
values than group II (p < 0.001) (Table 1). Group I showed
significantly higher VFA values than group I (p < 0.05),
and group I'V showed significantly higher values than group
IT (p < 0.001) (Table 1).

As for laboratory variables other than those included in
the diagnostic criteria for the metabolic syndrome, group
IV had significantly higher LDL-C and uric acid levels than
group I (p <0.05 andp < 0.01, respectively) (Table 1). While
no intergroup differences were seen in HbAlc, the areas
under the plasma glucose and insulin curve (in an oral glu-
cose tolerance test [OGTT] using 75 g glucose) were sig-
nificantly higher in group IV compared to group I (p < 0.05
and p < 0.001, respectively) (Table 1).

No significant differences were seen in HOMA-R between
groups I and II, while HOMA-R values were significantly
higher in group IV than in groups I or II (p < 0.001 and p
<0.05, respectively) (Fig. 1). Additionally, group I'V showed
significantly higher 2-h insulin levels after glucose loading
compared to group I (p < 0.001). Furthermore, insulin lev-
els tended to be higher in group IV than in group II (Fig. 1),
while not being significantly different. Adiponectin levels
showed a declining tendency with increasing VFA from
group I to groups II, III, and IV. Groups IIT and IV had sig-
nificantly lower adiponectin levels than group I (p < 0.05
and p < 0.001), and these levels were significantly lower in
group IV than in group II (p < 0.05) (Fig. 2). Likewise,
high-sensitivity CRP values showed an increasing tendency
with increasing VFA from group I to groups II, I1I, and I'V.
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Fig. 1. HOMA-R values and 2-h insulin levels after glucose loading in the metabolic syndrome accompanied by visceral fat accumulation,
versus that not accompanied by visceral fat accumulation. Other risk factors for all groups studied include FPG > 110 mg/dL. VFA,

visceral fat area; MS, metabolic syndrome.
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Fig. 2. Adiponectin levels and high-sensitivity CRP values in the metabolic syndrome accompanied by visceral fat accumulation, versus
that without visceral fat accumulation. Other risk factors for all groups studied include FPG > 110 mg/dL. VFA, visceral fat area; MS,

metabolic syndrome.

Group IV showed significantly higher values than group I
(p < 0.01) (Fig. 2).

In a logistic regression analysis using high HOMA-R
values as the target variable, the relative risk for high HOMA-
R values was shown to be 2.65 (p < 0.001) for VFA > 100
cm?, 1.64 (p < 0.05) for TG > 150 mg/dL and HDL < 40 mg/
dL, and 1.79 (p < 0.01) for BP > 130/ > 85 mmHg.

Discussion

In this study, group Il who had three or more risk factors,
other than VFA > 100 cm? (those who met the diagnosis of

the metabolic syndrome under the ATPIII diagnostic crite-
ria, but failed to meet the new criteria) showed significantly
higher VFA values than group I without VFA > 100 cm? who
had two or fewer other risk factors (thus failing to meet the
ATPIII or new diagnostic criteria for the metabolic syndrome)
while there were no significant differences in HOMA-R or
in 2-h insulin levels after glucose loading between the two
groups. These findings suggest that visceral fat accumula-
tion is implicated in the clustering of risk factors, even in
those with VFA < 100 cm?.

HOMA-R and 2-h insulin levels after glucose loading
were more or less similar in group II (those with three or
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more other risk factors but not VFA > 100 cm?) and group
III (those with FPG > 110 mg/dL only, in addition to VFA
> 100 cm?). Furthermore, group IV who had two or more
other risk factors in addition to VFA > 100 cm? (those who
met the ATPIII and new diagnostic criteria for the metabo-
lic syndrome) showed significantly higher HOMA-R values
as well as high 2-h insulin levels after glucose loading as
compared to group II who had three or more other risk fac-
tors but not VFA > 100 cm?.

Published reports have shown that the level of adiponec-
tin, an adipocytokine specific to adipose cells (6), decreases
with the accumulation of visceral fat (7), and that hypoadip-
onectinemia is closely associated with insulin resistance (8)
and arteriosclerosis (9,10). In this study also, adiponectin
levels were shown to decrease with the accumulation of
VFA, from group I to groups II, 111, and IV, with the adipo-
nectin levels being significantly lower in group IV com-
pared to group II (p < 0.05). Furthermore, of the laboratory
variables examined other than those included in the diag-
nostic criteria for the metabolic syndrome, LDL-C and uric
acid as well as areas under the glucose and insulin curves
at OGTT with 75 g glucose were shown to be significantly
higher in group I'V than group I, while no significant differ-
ences were seen in these variables between groups I and II.

These findings demonstrate that the degree of insulin
resistance and the risk of arteriosclerosis vary depending
on whether or not the metabolic syndrome accompanied by
a clustering of risk factors has visceral fat accumulation as
an underlying pathology. Likewise, a logistics regression
analysis showed that the relative risk for high HOMA-R
values is 2.65 for VFA > 100 cm?, being higher than for TG
> 150 mg/dL. and HDL <40 mg/dL (1.64), and of BP > 130/
>85mm Hg (1.79), suggesting that VFA > 100 cm? contrib-
uted to a greater extent to the development of insulin resis-
tance than the other risk factors. These results strongly sup-
port the view that visceral fat accumulation plays a key role
in the metabolic syndrome (/1,12).

While the mechanism(s) through which insulin resis-
tance may be related to the development of atherosclerosis
remains to be clarified, insulin resistance is assumed to be
an important factor likely contributing to the development
of atherosclerosis by inducing multiple atherosclerotic risk
factors as shown in this study. It is also of note that insulin
per seisthoughtto actas a growth factor on vascular smooth
muscles thus giving rise to the view that hyperinsulinemia
is also implicated in atherosclerosis (/3). Furthermore, in
recent years, research findings have been accumulated sug-
gesting that, in insulin-resistant states, well in advance of
the onset of abnormalities such as proliferation of vascular
smooth muscle cells, vascular dysfunction as represented
by vasodilatory response is found to be present (/4). In our
study, insulin resistance as part of the metabolic syndrome
accompanied by visceral fat accumulation has been shown
to contribute more to atherosclerosis than that without vis-

ceral fat accumulation. However, whether or not the pres-
ence of visceral fat accumulation in insulin resistance may
account for any long-term differences in the development
of atherosclerosis remains to be clarified in a future, long-
term study.

Subjects and Methods

The study subjects were recruited from a pool of employ-
ees who received routine care at the outpatient clinic in the
Matsushita Electric Industrial Corporation. Only subjects
who decided to participate in the study voluntarily and who
gave written informed consent were included in the study.
A total of 472 pre-diabetic Japanese men (mean age, 47.5
+ 7.2 yr) with impaired fasting glycemia (IFG) (glucose
levels of 110-125 mg/dL) based on clinical data provided
by the employer were eligible for participation in the study.
The subjects were excluded from the study if they were
known to have diabetes mellitus (DM) or were receiving
drug therapy that affected glucose tolerance, or for hyper-
lipidemia or hypertension. Glycemic status in this cohort
of subjects had been reassessed by repeated oral glucose
tolerance test (OGTT). The diagnostic criteria for the meta-
bolic syndrome set forth by the NCEP ATPIII guidelines
(1), Japanese new diagnostic criteria for the metabolic syn-
drome (3), and the Criteria for Obesity Disease in Japan (5)
were used as references to divide the study subjects into
four groups, and intergroup comparisons were made: group
I without VFA > 100 cm? but accompanied by two or fewer
other risk factors (TG > 150 mg/dL, HDL-C < 40 mg/dL,
BP > 130/ > 85 mmHg, or FPG > 110 mg/dL) (n = 231);
group II without VFA > 100 cm? but accompanied by three
or more other risk factors (n = 57); group III with VFA >
100 cm? accompanied by FPG > 110 mg/dL only (n = 27);
and group IV with VFA > 100 cm? and two or more other
risk factors (n = 157).

After fasting overnight, the subjects were subjected to
an OGTT with 75-g glucose early in the morning. Blood
samples were drawn from the median cubital vein before
the test and every 30 min for a period of 2 h. Plasma glucose
levels were determined by the glucose dehydrogenase meth-
ods. Insulin and adiponectin levels were determined using
commercial enzyme immunoassay kits (LS Eiken Insulin
Kit, Eiken Chemical, Tokyo, Japan and adiponectin ELISA
kit, Otsuka, Tokushima, Japan). High sensitivity C-reactive
protein (hs CRP) was measured by latex nephelometry assay
(N High Sensitivity CRP, Dade Behring, Marburg GmbH,
Marburg, Germany). The incremental areas under the insu-
lin (AUC insulin) and glucose (AUC glucose) curves were
calculated by the trapezoidal method for 0-, 30-, 60-, 90-,
and 120-min time points.

The estimate of insulin resistance was based on a homeosta-
sis model assessment (HOMA-R) as described by Matthews
etal. (15) and 2-h insulin levels after glucose loading. Serum
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lipids (triglycerides, total cholesterol, HDL cholesterol) were
measured enzymatically using enzyme reagents (L-Type
TG H, Wako Pure Chemicals, Osaka, Japan; L-Type CHO
H, Wako Pure Chemicals, Osaka, Japan; Cholestest N HDL,
Daiichi Pure Chemicals, Tokyo, Japan). An estimate of the
LDL-cholesterol (LDL-C) concentration was then made
from these three measurements using the Friedewald for-
mula when TG levels were below 400 mg/dL.. The hemo-
globin Alc (HbAlc) was measured by cation exchange high-
performance liquid chromatography (Bio-Rad Laboratories,
Hercules, CA, USA). Blood pressure was measured at least
twice, with the subjects in a seated position after at least
5 min of rest. The average of blood pressure measurements
was used for the analysis. Body mass index (BMI [kg/m?])
was computed from current body weight and height. Abdom-
inal computed tomography (CT; Hitachi model, CTWS550,
Hitachi Medical Co., Yokyo, Japan) scans at the umbilical
level were also performed on all subjects during this same
time period. Abdominal VFA and subcutaneous fat area were
measured, as described elsewhere (5,16).

Statistical Analysis

All data are presented as means + SD. An estimation of
the reliability of intergroup differences was made using
one-way analysis of covariance. The Scheffe method was
used to adjust for multiple comparisons in a post hoc analy-
sis. A p value < 0.05 was considered significant. Regression
analysis was used to evaluate the relative risk for insulin
resistance associated with the number of risk factors involved
in the metabolic syndrome, where VFA, TG and HDL-C
and BP were used as explanatory variables to evaluate the
relative risk for high HOMA-R values associated with the
number of risk factors involved in terms of odds ratio. The
median value for all subjects (2.59) was used as the cutoff
for HOMA-R.
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