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Relationship between Visceral Fat and
Cardiovascular Disease Risk Faetors:
The Tanno and Sobetsu Study

Yu CHIBAY; Shigeyuki SATTOH?; Satoru TAKAGIY, Hirofurii OHNISHIV, Nobiio KATOHY,
Junichi OHATAY, Motoya NAKAGAWAD, and Kazuaki SHIMAMOTOD

We assessed: the. amount: of visceral fat using ultrasonography: (US) and: studied. its. relationship: to. cardio-
vascular disease risk factors, partfcu[arly. blood pressure. The subjects in-the first study were .45 male and:. -
61-female outpatients. We. measured :the visteral fat area (VEA): of each: subject using:abdominal’CF and. .
waist circumference: (WC), and visceral fat-distance (VFD)-using:US: The subjects-inl.the-second.study. were

- 353 malerand-457 female-inhabitants; of a rural: community, for whom VFD and WC were measured,, We:
divided:stbjects into tertiles. based 6n. VED-and WC, and studied the relationship between each group and
individual risk factors. In-an:analysis; of. outpatient subjects, the correlation cog(fjgjgnt_. between VFA and
'VFD was: satisfactory: r=0:660:for men:and r=0.643 for women. In the analysls of the raral subjects, the high
VFD: group 'had 4: significantly:-higher odds ratie than the low VED group in high blood pressure (HBP) and ,
Rypettriglyéeridemid. (HFG). for-men.and; in. HBR; HTG and low high-density llpoproieln cholesterolemia
(LHDL) for women::Moreover,.adjusting VED for-body mass index revealed that; in comparisen td WC,-VED: .
was significantly related to risk factors. VFD was used as an:independent: variable:in:multiple: regression-
analysis with blood pressure level as a ependent variable; no- significant- association between; WEG-and - ...
blood pressure was obtained. Visceral fat agééééhent by US:may be useful:for epidem‘iolegicél;'s‘tlidy‘and«
for, clinies:with-no-abdominal-CF: equipment.for-identifying: high-risk individuals, such-as those with-meta-. . -

- bolic: syndrate..(Hypertens:Res 2007; 30: 229-236)

‘ Key. Words:- ultrasonography; visceral obesity, cardiovascular: disease:risk tactors; waist: ciréumference,” -

-Hypertension.

) , lntfqdiléﬁ’dri .
Obesity-is often complicated by:artsrioscleretic diseases:such
as-hypertehsion, ischemic:heart: diséase-and cerebrovaseular
disease ay well as by: their risk: factors: (- 2)., Since. the Tite
1980s; these complications Have beer explained: by: the: con-
cept-of a multiple risk-facter:syndtoiné such a¥ syndrome X
(3% the deadly: quartet: (4), and: visceral fat. syndroms.(5):
More: recently, the ferm metabolic. $yndrome: (MS) has. been
adopted by the National:--Cholesterel Bdpeaticn Program

:

Adglt Treatment Panel HT (NCEP ATPIIT) (6). Visceral obe.
sity, in which fat markedly acepmulates in-the: peritorieal
mesentery and around the greatér omentum, is thought to be a
{undamental pathology {or MS in patice. The Incidence of
cardiovascular disease i$ high even in non-obese indfviduals
with 2 body mass-index (BMIy-within.the npfmal range: who
have an.accumulation: of; visceral fif (7);-and:accurate- assess-
ment of beth body fat distribution:and.¥iseceral-fat accumula-
tienis critical for.assessing the'rigk of arterioselérotic:disease.

Previpus-studies:have shown. that waist-tozhip-ratio, awaist-
to-height ratio;. waist cit¢imfererice (WC): and. visceral- fat
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assessed by abdominal CT are relatively good indicators of
the risk of cardiovascular disease (8-13). Abdominal CT
enables quantification of the visceral fat area (VFA) and
therefore serves as the gold standard for visceral fat assess-
ment. On the other hand, WC measurement is recommended
as a simpler and easier screening method (14). However,
abdominal CT has drawbacks, including exposure-tq radia-
tion, lack of ease and simplicity, and high eost. WC includes
subcutaneous fat, and WC measurement therefore has draw-
backs such as an inability to account for an individual’s
height and a low level of reproducibility in the'case of marked
obesity.

Simple methods for assessing visceral fat accumulation
using pltrasonography (US) have been studied in recent years
(15-20). In addil;ion previous studies have indicated a rela-
tionship between hypertension and visceral fat assessed by
abdominal CT and WC, but US was not used in any of those
studies (2/-24). Thus, in the preseat study, we assessed the
usefulness-of vis¢eral fat ‘assessment. by US.in outpatients.-
Then, based.on the:results of a- cross-séctional study, we
assessed the.relationships between abdominal obésity- deter-
mined by US:and cardiovascular disease risk factors, particu-
larly blood pressure levels.

Methods
Study 1

The subjects‘weré-45 men-and 61 women Outpaﬁeuts {mean
ages: 55.4+19:4years for men. and- 67.5410:8: . years: for

women). Individuals-with: cardiovascular-disease;, renal- digs-

ease or a severe debilitating:disease: were excluded from par--
ticipation. Height, body.weight, WC; VFA and tetal fat area
(TPA) were determined by abdominal CT, and visceral fat
distance (VFD) was determined by US. The subcutaneous fat
area (SFA).was calculated by. subtracting VFA from TFA..

Informed consent was obtained from each outpanent, who
completed a form consenting to testing. Height, body weight.
and visceral fat levels were measured on the same day, and
BMI was caleulated. Correlations between VEA; SFA, VED,
BMI and-WG.were investigated.

Measufement of Visteral Fat Levels

CTequipment from Foshiba Medigal Systems (Tokye, J apan)
was used:for. abdeminal: CT. Imaging was.done:at the'end of

expiration at.the umbilical level: ‘Tracing in eross-sectional .

images :was. done:using a trackball-the total ‘ctoss-sectional
area ‘was-determined by aitomatic calenlation of - ‘portions
with.a-CT number 6f—200 to. 1,000 Hounsfield.units (HU)
using the method of Grauer et al. (25). In addition, portions
with a CT number of ~200 to - 10 HU were separated as adi-
pose tissue and their areas were’ automatxcally caIcuIated
WC was measured w1th non-stretclhiable méasiring tape
while subjects bared the circumference of the abdomen. The

Rectus abdominis muscle

Visceral fat distance: VFD

Lumbar spine

Fig. 1. VFD was measured between the peritoneum and the
lumbar spine, and which was taken as the average value.
VED=(a +b + c)/3 Each subject assumed a supine position,
and at the end of expiration the distance from the peritoneum
to the front of the vertebral body was measured perpendicu-
larly three times with a 3.5 MHz linear probe while making
the slightest contact posstble and the average value was
used as the VFD,

umbilical circumference. was: measured in increments of 0.1
cm-during expiration while standing ¢(14).

VFD:was measured using VF-7.503T- portable uitrasonog-
raphy: equipment (FukudaElectrical, Toekye, Japan) by the
method of Stolk-ez ak (£8;.19)-That is; each subject assumed
& supine’ positicn; andat the end of expiration the distance
froth- the peritoneum: to. the front:of the vertebral body was

- measured- perpendicularly:three tires; with-a 3.5 MHz linear

probe:while making'ths.least pessible.amount of tontact, and
the average value was uséd as the VED (Fig. 1)-All measure-
ments Wete performed by the.same investi gator

'Study 2

The- sub_]ects Were 353 -Imen- and 457 woImen (mean ages:
62:8+12.2 yeats .for.men-and.$7,8+12.6 years:for women)
out of 1,455 individuals who underwent screening for local

-residents of d.rural: ‘eommunity; individuals being treated for

hypertension, diabetes or hyperlipidemia were excluded. The
study was approved by the Ethics Committee of Sapporo
Medical University; and written informed consent was
obtained from each subject.

For all subjects, helght a.nd body weight were measured
aftter fasting for 8 h or longef since their last meal, blood pres-
sure levels-were measured and blood samples were taken. The
blood samples:were used-to measure high-density lipoprotein
(HDL)~cholesterol levels- (HDLxc), tnglycendc levels (TG),
fasting plasma.glucose levels (FPG). and-serum insulin levels.
Afterwards, WC-and VFD: were measuted. Height and body
weight-wére measured: at- intervals. of 0.1 cm’ and 01 kg,
respectively, with subjects lightly dressed and shoés
removed. Blood. pressure-was- measured. twice consecutively.
on the upper arm using an automated sphygmomanometer
(HEM-907 Omron Instruments, Tokyo Iapan) with sabjects
in a séated restmg position, and the average was used for sys-
tolic blood pressure (SBP) dnd dlastohc blood pressure

(DBP).
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Table 1. Characteristics of the Subjects for Study 1

Chiba et al: Visceral Fat Obesity and Hypertension 231

] Men (n=45) Women (n=61) p-value
Age (vears) - 55.4+194 61.5+10.8 <0.001
Body weight (kg) 67.1+11.8 56.4+8.8 : <0.001
BMI (kg/m?) 242432 247439 0.462
Lean: BME<22 11/45 (24%) 14/61 (23%)
Overweight: 22 <BMI<25 17/45 (38%) 23/61 (38%)
Obese: 25<BMI 17/45.(38%) 24/61 (39%)
WC (cm) 84.9+8.38 85.6+10.1 0.787
VED (cm) 52412 4.9+1.43 0.459
SFA (cm?) 147.0£63.8 221.2+132.4 <0.001
VFA (cm?) 137.0£62.6 128.9451.8 0.606

All values are mean+SD. BMI, body mass index; WC, waist circumference; VFD, visceral fat distance; SFA, subcutaneous fat area;

VFA, visceral fat area.

Table 2. Correlation between Adipose Tissue Measured by
CT and Other Anthropometric Parameters

Adipose tissue measured by CT

~ SFA ] VFA

Men (n=45)

BMI 0.763* 0.565*

wC 0.861* 0.646* .

VFD 0.237 0.660*
Women (n=61)

BMI 0.591* 0.571*

wC 0.595% - 0.499%*

VFD - 0.289#* - 0.643%

Values are Pearson s correlation coefﬁc1ents *p<0.001,
**p<0.05. SFA subcutaneous fat area; VFA visceral fat area;
BMI, body miass index; WC, waist clrcumference, VED, visceral
fat distance.

Measurement Methods-

HDL-c was measured by the- enizyniatic: method (iomoges
nous), TG was measured by the . enzymatic colorimetric
method (free glycerol elimination), FPG was measured by the
GOD immobilized oxygen electrode maximum reaction
accelerdtion method, and: serum . insulin level was measured
by. the enzyme immunoassay method. In addition, -homeosta-
sis' model assessment index: (HOMA-IR) was: calculated on
the basis of FPG and‘seruni insulin levéls £26).

Dlagnostic Cntena for Cardlovascuiar Digease
Risk Factors

Diagnostic criteria for cardiovascular disease risk factors fol-
lowed the NCEP ATPII criteria for MS:(6). High biood pres-
sure (HBR) was defined as SBP >130 mmHg and/er DBP
=85 mmHg or higher, hypertriglyceridetnia (HTG) was
defined as TG =150 mg/dl; low HDL cholesterolemia
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(LHDL) was defined as HDL-c <40 mg/dl for men and <50
mg/dl for women, and high fasting plasma glucose (HFPG)
was definedas FPG 2110 mg/dl:

Statistical Analysis

Statlsncal analysis was done using Windows SPSS' version
11. SJ Numerical values are shown as means (mean)+SD
The correlation between two variables was evalizated using
Pearson s correlation coefficient. COmpanson between two
groups was done with an unpaired #-test. Fot lOngth regres-
siori analysis, subjects were divided into tertiles based on
VFD and WC, adjusted for age (model 1) and then ad)usted
for age and BMI (model 2); with the low VFD and low WC
groups as areference, odds ratios (OR) and individual cafrdlo-
vascular disease risk factors were examined: Cornpanson of
three groups was done by multiple comparisons aftcr “ohe-way
ANOVA For multiple regression analysis, bldod pressure
level served as a dependent vaiidblé, and the’ télationighips
between cardiovascular disease risk factors with VFD and
WC were studied. Inall instances, the level of significance
was p<0 05. ;

Results
Study 1

Table 1 shows.charatteristies of the 45 ‘male and 61 female
outpatient subjects whese visceral fat.levels were measured
by abdominal CT. No significant difference between the male
and female subjects was found in BMI, WC, VED or VFA,
SFA was significantly larger for women than for mef..

The correlations bétween- SFA and VEA determined- by
abdominal €T and BMI, VFD and'WC are shown.in Table, 2.
The correlation .coefficients betwéen VFA and VED were
r=0.660 (p<0.001) for men and 7=0.643 (p<0.001) for
women. In addition, VFA: had a stronger comelation to VFD
than to BMI o WC. Moreover,; BMI and WC had ‘stronger
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Men

Women

VFA (cm?)

150.04

100.04

r=0.643

so0] p < 0.001

500 600 700 800 0.0
VFD (mm)

300 400 500 600 700 800 900 200 300 400

VFD {mm)
Fig. 2. Scattergrams of relationship between VFD and VFA for men and women. VFD, visceral fat distance assessed by ultra-

sonography; VFA, visceral fat area assessed by CT. There were significant positive correlations between VFD and VFA in both
men and women.

Table 3. Characterlstlcs of the Study Subjects of Residents of a Rural Commumty

. Women (n= 457)

Men (n=353) p-value
Age (years) 628%12.2 57.8+12.6 <0.001
Body weight (kg) 63. 9+10.1 53.7£7.6 <0.001
BMI (kg/m?), 23732 23.0+3.2 0.002
. Lean: BMI<22 } 107/353 (30%) 177/457 (39%)
Ovcrwelght 22<BMI<25 143/353 (41%) 171/457 (31%)
Obese: 25 <BMI 103/353 (29%) 109/457 (24%
WC (cm). 84.749.1 82,6199 0.002
) VFD (em), 5517 4.7£1.3 <0.001
SBP (mmHg), 131.9420.1 0.001
DBP (mmHg) 155116 <0. 001
HpL-c (mg/dl) . 513117 : <0.001
115 1£752 88.3449.2 <0.001. |
96 84157 94.4+17.7 0.041
4547 4.4£29 ns.
1.13%1.38 1.0420.72 ns.

Allivalues. are: meanﬂ:SD BMI, body mass mdex WC waist circumference; VFD, visceral fat distance; SBP systohc blood pressure,
DBP, diastolic blood pressure; HDL-c, high-density- Iipoprotem-cholesterol TG, tnglyccnde‘ FFG, fasting plasma glucese; HOMA-IR,

homeostasis model assessment index; n. s., not significant.

correlations to SFA than to VFA (Table 2). )
Figure 2 shows scattergrams of the relationships bétween

VFD antd’ VFA for:men and women: There: were significant

p051tive correlahdns between.VFD and: VFA ‘in-both sexes.

et

Study’ 2 o L o
Table.3: shows thie: charactenstxcs of:the: sub]ects i Study 2.
Averagé VEDs were 5.5 1.7 crii for mieti and:4.7+3 3 em:for
women; dndiaverage WECs were 84. 7:t9¢1 cm- for men and
82.6:9:9:¢m: for wormen.

.'The subjects. were: djvided.inte tertilés based:on- VFD and
WE; OR for.cardiovascular disease-risk factors with individ+
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A

ual low-tertile groups as-a'reference areé.shown in Table 4.
Adjusted -only-for age (model-1); OR increased significantly
for the: male VER gfoup:in ¢ompdrison to- that- for the:low
VED group i HBP (OR: 3.45 [95% CI: 1.83=-5.77};
p<0.001) and HTG (OR: 3.74 [1.72-8.12); p<0.05), and it
mgrcas §1gn;ficanﬂy fox the female group, mHBP' (OR 2 31
(i 373 92] p<0. 05), bioved (OR: 133 [3. 02—58 I ; p50.05)
and LHDL (OR: 4.62 [2.47-8.62]; p<0.001). Sumlarly, OR
increased-significantly for'the male WC- group in.comparison
to that fot thelow WE 3 group.in' HBP (OR 2, 00 [1.15-3:45);
'p<(:05); HTG (OR:.3.09 [1.41-6.75};:p<0:05) and:LHDL
(OR: 882 [1:98-39.3}; p<0 05),; and it -increased: signifi-
cantly -for the female group in:HBP (GR: 1.95 [1:18=3.237;
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Table 4. Odds Ratios and 95% CIs of CAD Risk Factors by Tertile of VFD and W€
HBP HTG HFPG LHDL
Men (n=353)
Model |
VFD
Lower tertile 1.00 1.00 1.00 - 1.00
Middle tertile 1.79 (1.04-3.09)* 2.31 (1.04-5.16)* 1.04 (0.4-2.44) 1.95 (0.83-4.59)
Upper tertile 3.45 (1.83-5.717)t 3.74 (1.72-8:12)* 0.80 (0.32-2.00) 2.02 (0.85-4.77)
wC
Lower tertile 1.00 1.00 1.00 1.00
Middle tertile 2.10°(1.22-3.59)* 3.41 (1.56-7.44)* 0.79 (0.32-1.99) 16.4 (3.79-71.1)t
Upper tertile 2.00 (1.15-3.45)* 3.09 (1.41-6.75)* 1.26 (0.54~2.96) 8.82 (1.98-39.3)*
Model 2
VFD
Lower tertile 1.00. 1,00 1,00 oo
Middle tertile 1.67 (0.95-2. 95) 2.21.(0.97-5.04) 0.88 (0.36-2. 13) 171(0.71-4.14)
Upper tertife 2.75 (1.37-5.50)* 3,35 (1.35-8.32)* 0.52 (0.17-1.62) 1.44 (0.52-4.04)
wC ‘
Lower tertile 1.00 1.00 _ 1.00. 1.00
Middle terulc L. 60 (0.86-2.96) 3.09 (1.31-7.31)* 0.71 (0.25-1.96) 17.6 (3.77-82. 2
. _Upper tertile 115 (0.51-2. 59 254 (0.87-7.41) 1.00 (0.29-3.46) 10.1 (1.75-58.1)*

Women (n=457)
Model 1

VED. : :
Lower teitile 1:00 1:00 1.00 1.00
Middle:teitile 1£76.(1:04-2:98)* 6.28.(1.38-28.6)* 0:52 (0:16-1.72) 2.32 (1.23-4.38)*
Upper tertile 2.31 (1:37-3.92)* 13.3.(3.02-58.5)* 1.82 (0.71-4.69y 4.62 (2.47+8.62)!
Lower tertile 1.00 1.00 1.00- 100 . -
Middle tertile 1.05 (0:63-1:76y . -3.79 (1.21-11.8)* 1:10.(0.43-2.82) < 272 (1:52-4.86)*- .
Upper tertile 1.95 (1.18-3.23)* 5.79 (1.93-17.4)* 0.93-(0:37-2.34) -2.46 (1;3‘6—4.43)*
Model 2 . . . .
Lower tertile 1.00- 100 1.00 1.00
Middle tertile 1.27°(0.73-2.22) 4.59 (0.99-21:3) 0.56/(0.16-1.92).. 1.91,(0:99-3.70)
Upper tertile 1.06 (0:55-2.04) 6.36 (1.30-31.3)* 2.16 (0.67-6.92) © 2:94 (1:40-6.17)*
WC : . : .
Lower tertile 1.00 1.00 . . 1.00 1.00
Middle tertile 0.65(0:37-1.15) 2.37 (0.73-1.73) 0.90 (0:32-2.47) 1.78 (0.95-3.33)
Upper tertile 0:74 (0.37-1.45) 2.06 (0.56-7. 57). 0.60-(0.17-2.05). - 0.97(0.45+2.09)

Model 1: adjtisted for dge; Médel 2! adjhsted for age ind BMI, ngmﬁca.utly differeiit ffont e Lower teitile: % <0.05, 15 <0.001. CL,
confidence interval; CAD, cardisvasculir: diséase; HEP, h1gh ‘blood pressure; HTG, hypeﬁnglycendenuh‘ "HFPG, High fastmg plasma
glucose, LHDL, low ‘high- densny lxpoprétem cholesterolellﬁa VFD, \nscerai fat distdfice; ’WC Walst cucumfei‘ehce :

s
1

that for the low: V’FD».igroup-i'h‘ HTG (OR:'" 6:36:[1.30-31.3];
P<0.05) and: LHDL (OR::2.94[1.40~6.177; p<0 :05). How=
ever; 1o’ significant, association was:-found between WE and
any of the facters: ' » -
Table'5 shows. -the results .of mulnple regression analysi$
with' SBR-and:PBP as dependent: variables: Fof i nen;-VFD
was seleeted: as: a significant -independent variable for both
SBP-and DBP: Howéver, thete was nior significant as§ociation
between. WC and SBP o between WG and'DBP.

p<0.05); HTG (OR: 579 [L93a—17 4% p<0 05) and LHDL
(OR: 246 [1136:4.43]; p<0.05). -

When additionally adjusted for: BME (model 2), OR
increasedsignificantly for the male VED:  group in comtparisoix
to that-for the'low: VFD group-in HBP (ORx2:75 [1.37-5:50];
p<0.05) andi HTG (OR: 3:35°[1.35-8.32]; p<0.05). How-
ever, no significant association wasifound between WGC-and
HBP or:between: WC and HTG: In addition, OR. increased
significantly-for the female high-VED group in comiparison to

-50-



234 Hypertens Res Vol. 30, No. 3 (2007)

Table 5. Results of Multiple-Regression Analysis Related to SBP and DBP

Dependent
Independent SBP DBP
B p-value B p-value
Men (n=353) VFD 2.093 0.015 1.049 0.047
wC 0.287 0.226 0.163 0.265
Women (n=457) VEFD 1.422 0.118 0.739 0.154
wC 0.110 0.425 ~0.057 0.466

Dependent variables: systolic blood pressure (SBP) or diastolic blood
(VFD) or waist circumference (WC) and addftionally adjusted for age, triglyceride
fasting plasma glucose (FPG), body mass index (BMI). f: standardized regression

Although the data are not shown, when VFD was divided
into tertiles, HOMA-IR increased significantly in the higher
tertiles. Moreovér, in multiple regression analysis using
HOMACIR as a dépendent variable and using age, SBP, TG
and VFD as independent variables, VED was found to be a
significant indepetident variable of HOMA-IR for both men
and womeén.

Discussion

The significance of visceral obesity has been noted in recent
years, and the accumulation of visceral fat-must be accurately
assesséd. However, abdominal CT is not 2. simple technique,
and WC also has the drawback of leading to an assessment
that includes subcutaneous fat. In contrast, US involves no
radiation exposure, the technique can be quickly learned, it is
typically completed in less than 5 min; and it has been
repoited to-have-a good level .of reproducibility (15-20). In
‘the present study we therefore investigated whether US can
be used as an easy screening method for the accurate estima-
tion of the accumulation of visceral fat in J; apéanese as well.

Whei the correlations between VEA, SFA, BMI, VFD:and
WC wete-examined, VFD was found to have a stronger posi-
tive correlation with VFA than with- SFA for both men and
women. Additionally, BMI and WC each had a stronger pos-
itive correlation with SFA than with- VEA. This is becaiise
measurements of BMI and WC are dssessment methods that
include elements, of sybcutaneous fat. The present stidy indi-
cated that VED measurement is a simple method for assessing
visceral Tat that does net mplugc.elgménts,of subcutaneops fat
and that VFD measurement is a useful means of assessing vis-
ceral fat in a large number of subjects.

The relationships-between: viseeral fat and cardiovascular
disease risk factors. were: then: assessed i a study. using US
perforinied on-inhabitants of a rural.-community: who were not
being treated for hypertension, diabetes or: hypérlipidemia.
The data presented in Table 4, obtained after adjustment for
age and BMT (mode] 2), showed that VFD .was sigiificantly
correlated with HBP, HTG and LHDL in men -and. with HTG
and LHDL in women. On the other hand, W€ was correlatsd
with LHDL in-men but showed only: weak correlations with

pressure (DBP). Independent variables: visceral fat distance
CTG), hig_h—density lipoprotein-cholesterol (HDL-¢),

coefficient.

risk factors in women.

What eliminated the relationship between WC arid cardio-
vascular disease risk factors in women subjects in’ particular
was the effect of subcutaneous fat. Subcutanebus fat has less
of an effect on arteriosclerosis than visceral fat and instead
has antiarteriosclerotic action (27). In geneéral, visceral obe-
Sity, a condition in which visceral fat readily atcumulates,
affects men more than women; women are affécted by female
sex hormones and exhibit body types that feature subcutane-
ous obesity (28, 29). Thus, in assessment by BMI and WC,
the effects of subcutaneous fat are more intensely reflected in
worhen than in men. This-fact is supported by the stronger
correlation of BMI and W€ to SFA than to VFA-in the study

- of outpatient cases (Study 1).

We could not find a significant association betweeny FPG
and a rise in VFD'or WC for either men or-women. The rea-
sons are threefeld. First, individuals on medication for type 2
diabetes were excluded: in-this study and, second; the study
was conducted in a homogenous population with a relatively
low FPG. Third, we could not find participants with ifapaired
glhicose tolerance (IGT) because we did not conduct: oral glu-
cose tolerance tést (OGTT) in this study. Thus, theré was a
small number of participants with high FPG and there was no
significant relationship between FPG and VFD for eithet men
oF women,

The results of miltiple regression analysis showed that
VFD was an independent explanatory variable of blood pres-
sure in mei, No.significant relationiship was found between
WC.2nd bleod, pressure in men or women, VED may be a
good indicator of bload pressure in men. Morgover, VED may
also be a useful index for the management of blood pressure
in men with metabolic syndrome.

Ini a State of visceral fat.acocumulation, it is thought that free
fatty acid produced by the decompoesition of TG- flows- iito
the liver and-induces-insulin résistarice. Mareaver; substanees
that induce insidin resistance-such -as tumor nesrosis factor
(TNF)-tv are produced from visceral fat, Studies have indi-
cated: the possibility that ¢levation of blood: pressure is
induced-in-a state:of insulin resistance by. various mechanisms
via adipccytokines. ¢30). It has also. been reported: that ¢om-
pensatory: hyperinsulinemis, which-occurs i a state of insulin
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resistance, plays a role in blood pressure elevation via renal
mechanisms (31).

In multiple régression analysis, no telationsliip was found
between VFD and blood préssiire in women. Possible reasons
for this are the influenice of an'autocortelation due fo the addi-
tion of BMI to the adjusted items and both the small mean
value and the low distribution of VED i in female subjects
- WC measurement is a very useful screening method for
assessing v1scera1 fat because it is simple and cheap. It does,
however, have drawbacks such as an inability to assess tall
individuals differently than short ones and a low level of
reproducibility in the case of marked obesity, since WC
includes subcutaneous fat. Therefore, the J apanese criteria of
MS recommend- assessing real visceral fat accumulation by
CT when we find individuals with WC >85 cm in meén and
290 crii i woinen, Although abdormnal CT i§ the gold stan-
dard for visceral fat assessment, it entails exposure to radla-
tion, lack of ease and mmphcxty, and hlgh cost General
practmoners may have a good deal of opportumty to assess
individuals with MS, but very few physmans have CT egiiip-
ment in-their-clinics, .Assessmentby US is.a simpler technique
than:abdominal:CT and allows ;general practitioners to-assess
visceral fat accumulation in their clinies. When-we find-high-
risk'individuals with an acéumulation of risk factors and-with-
out: abdommal -obésity (WC <85 cm in'ieén, WC <90 cm in
women), it 1§ imiporfant’ to-cordirit their fat dlstnbutxon by
other methods than WC, In such cases, the US method may be
useful sunply assessm thi atcummilati

One limifation- of the present,
were. Japanese; thus the re .
or~1‘ dtv" duals. of .certa.m ethnic, gmups The female body type
in. pa.rtlcular dlffers between, Westerpers.and Japanese. Never-
theless, diagnostic criteria for WC that take into -ascount eth-
nicity have beeri incorporated ‘in. the. Intefriational Didbetes
Federation'(IDF)’s diagnostic criteria for MS, ' Whilé there are
differences in extent, the relationship betwekit visceral fat
accumulation and cardiovascular disease risk factors is uni-
versal (32, 33).

No statistical analysis was performed to evaluate the differ-
ences in the measured parameters between premenopausal
and’ postmenopausal women in our study group. In general,
postmenopausal women tend toward obesity more than pre-

inenopausal women, and their blood pressure levels and vis- -

ceral fat levels are known to increase (34, 35). A study taking
this into actount is needed in the future. Additionally, the
present study involved cross-sectional studies, and additional
prospective studies on the relanonshlp between abdomma]
obesity and elevated blood pressure are needed. i

In conclusion, US is a.simpler technique than abdominal-

CT, and its usefulness in visceral fat assessment was demon-
strated in the screening of residents of a rural community.
VFD is thought to be a good index for assessing not only vis-
ceral fat accumulation but also cardiovascular risk factors.
Moreover, in men VFD showed a significant correlation with

blood pressure. Visceral fat assessment by US may be useful
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for epidemiological studies and for clinics with-no abdominal
CT equipment to identify high-risk individuals such as those
with metabolic syndrome.
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Original Article

Visceral Obesity in Japanese Patients with
Metabolic Syndrome: Reappraisal of
Diagnostic Criteria by CT Scan

Mariko EGUCHIY, Kazufumi TSUCHIHASHIY, Shigeyuki SAITOH“,
Yoshihiro ODAWARA?, Tohru HIRANO?, Tomoaki NAKATAD, Tetsuji MIURADY,
Nobuyuki URAY, Masato HAREYAMAD?, and Kazuaki SHIMAMOTQ?Y

To reappraise the cutoff level of abdominal circumference (AC) for diagnosis of visceral obesity in Japa-
nese, we examined the association of visceral fat deposmon with other constituents of metabolic syndroive
and atherosclerotic cardlovascular disease (ASCD). CT was used for determination of visceral-fat area
(VFA), subcutaneous-fat ared (SFA) and AC on CT (ACcr) i 420 Japariese patlents with (n=180) or without
ASCD (n=240). VFA cutoff levels were calculated by récéiver operating characteristic (ROC) analysis. ACer
correlated with VFA (r=0. 828), SFA (r=0.795), and AC measured with an anthropometric tape (ACy, +=0.96).
The VFA cutoff levels ylelding the maximum sensitivity and spe0|f|c|ty to predict two or more componenfs‘

of metabolic syndrome were 92 éth? in males’and 63 c::m2 i females, which correspond to ACiy valiiés of 83‘

cm and 78 cm, respectlvely The male ACy cutoff Ievel was similar to the AC in current Japanése &ritefid

(85 cm), but the female ACy cutoff level was considerably smaller ‘than the criteria, and this chafige i m Sutoff

level increased the prevalence of metabolic syndrome in.females three-fold The:cutoff levels of VEA for. pre-
dicting presence of ASCD.were 98 cm? in males and 75 cm? in females, corresponding to ACy values of 84
cm and 80 cm, fespectively. The present results obtained by CT support the validity of the current Japanese

criteria for visceral obesity in males but.not in. females. ACiy of 78.cm. appears to bé a cutoff level-suitable.
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for diagnosing visceral obesity-in.Japanese females, though further. confirmation Is needed. (Hypertens.Res:

2007; 30: 315—323)

Key Words: metabolic syndrome, coronary: artérial disease; viscetal obesity, agiing

Introduction
Clustering of major risk factors (hypertensi:on,- diabetes meili-
tus; and hyper-lipidemia) has been shown to have synergistic
effects.on the development of atheroselerotic, cardiovagcular
disease (ASCD) (Z; 2). The conttibutien of clustéred minor
risk factors for- ASCD has also received- attention recently,
and attractive clinical concepts: (3~6). emerged in the 1980s:
metabolic syhdrome X, insulin.résistance syndrorme, visceral
fat syhdrome and mulhple risk. factor syndrome Currently,

the cluster of minor inetabolic-factors for ASCD is referred to
as metaboli¢ syndrome, and consists of visceral obesity; glu-
cose -infolerance or- insulin Eesistance; dyslipidemia, . and
rdised blood.pressure. However, séveral-definitions of meta-
bolic:syndrofe, which differ in-theiz required combinations

-of risk facters and cutoff levels for each factor, have:been pro-

poséd{7--9). )

One of the marked differences among the curtent diagnos-
tic criteria of ‘metabolic. syndrome is the method used’to
assess. visceral obesity and- its requirement for diagnosis. In
the: definition of metabolic syndrome by the National Choles-
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Table 1. Clinical Backgrounds in Studied Subjects

Hypertens Res Vol. 30, No. 4 (2007)

All (n=420) Male (n=235) Female (n=185)
Age (years old) 62+15 63%14 61£17
Gender [male/female] 235/185
Risk factors (n (%))
Hypertension 275 (66) 163:(69) 112 (61)
Diabetes mellitis 141 (34) 84'(36) 5731
Hyperlipidemia 297 (71) 167 (71) 130 (70)
Hypefuricemia 132'(32) 93 {40) 39 21)*
Smoking 174.(42) 143.(63) 31 (17)*
Family history 65 (16) 34 (15) 31(17)
Weight (kg) 60+14 65+14 53+11¢%
BMI (kg/m?) 2344 2314 2244%
Systolic blood pressure (mmHg) 134421 135420 133+20
Diastolic blood. pressure (mmiHg) 77%13. 77413 76£13
Major disease (n (%)) ) '
Coronary heart disease 122 (29) 88 (37) 34 (18)
Cardiomyopathy 33(8) 19 (8) 14 (8)
Valvular disease . 40 (10) 15 (6) 25(14)
Aortic disease 41 (10) 27(11). 14 (8)
Arthythmia 61315 38 (16) 23(12)
Renal disease 56 (13) 27(11) 29 (16)
Stroke i2 (3) 7.(3) 503).
Others,, 5407 14 (6). 4 (22)
Medlcatlon (n (%)), .
Antlhypertenswe agents 241 (57) 149 (63) 92 (50)*
Annhyperhpldemxa agents 112 (26) 49 (21)_1 63. (34)*
Antidigbetic agents 81(19). . 45 (19) L 36 0)

All the variables-are expressed as mean+1 SD. *p<0 05 vs..male group; respectlvely

terol Education Program: Adult Treatment: Panel IIF @VCEP -
ATP 1) (7), visceral obesity is not:a requisite. However; vis-
ceral obesity needs to be present in metabolic syndrome as
defined by the International Diabetes Federation (IDF 2005)
(8) and the Examination Committee of €riteriafor Metabolic
Syndrome in Japan (Japz'mese criteria) (9). In these defini-
tions, visceral obesity is assessed by abdominal (walst) ¢cir-
cumference, but its cutoff level is not the;, same: abdommal
circumferences’(ACs) are: =102 ¢m in males' and-=>88 cm in
females in: the NCEP ATR IIT criteria; 285-94. cm i males
and 280-90-cm in: females, dependitig on ethnic groups; in
the IDF criteria, and' 285 cm in miales or:290.covin females
in the Japanese criteria. These differences in diagnostic crite-
tia of visceral obesity derive from different rationales in eack.
subject:population.

In the present study, weé used rmulti: detector-row CTr
(MDCT) to-teappraise visceral obesity criteria for the diagno-
sis of ‘metabolie syndrome and screening of ASCD. in Japa-
nese subjects. Since visceral fat, but not subcutaneous fat, is
primarily responsible for the production of cytokines relevant
to fhe developmenf of metabolic syndrome (0, 1I), the
amounts of ‘visceral and subciitaneous fat were separately
determined by MDCT together with AC. The relationships

between: the amount: of visceral fat.and metabolic-syndrome
or-ASCD were, analyzed:by. use:of receiver opérating charac-
teristic (ROC) curves, and the results suggest that the current
Japanese criterion of visceral obesity in males (AC=85cm)is
valid but that the criterion. for females needs. to. be modified
possibly to AC of 78 cm.

Methods

Study Subjects

We énrolled 420 consecutive patients who tinderwent MDCT
at Sapporo Medical University Hospital between January
2001 and December 2003 (Table 1). Informed consent for use
of their data-in scientific.research was ébtaired from all study
subjects. Data from: each subject. were ‘saved in anonymous
formats and- securely stored in a computer. Information on
coronary risk factors, including: data-en.the blood préssure
category, serum triglyceride and high- density lipoprotein
(HDL) cholesterol levels and presence/absence of ASCD,
was obtiined by physu:al and laboratory examinatiofs.
Unless otlierwise stated metabohc syndrome was diagnosed
in accordance with the current Japanese criteria (1 0), which
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Fig. 1. Representative MDCT zmages used for determination of visceral fat:ared: and. subcutaneous fat area. CT-slices at the

ése case.

level of the umblltcus were used fo h detgrmination of dreas. VFA, viscerdl f at-aj

3

measurement of =85 cm in males or >90 ¢r nal
two or more of the following minor abnorm; €57 1y glilcose
intolerance (fasting blood glucose 2110 mg/ i taking
medication for diabetes, 2) serum tnglyccnde 2150;mg/dl, 3)
HDL cholesterol <40 mg/dl in either males and femdles, arid
4) blood pressure >130/85 mmHg. Cases of severe conges-
tive heart failure (NYHA IV), ascites, mahgnant tumor, thy-
roidal disease, and the other emacmtmg disorders were
excluded from the study to prevent eritry bias. General obesity
was determined as body miass index (BMD) 225%, following
the criteria of the Japanese Society of Obesity. (12). ASCD in
this study included coronary artery- disease,.cerebrovascular
disease, arotic atherosclerotic disease, and atherosclerotic
valvular heart disease. The subclinical forms of atherosclero-
sis, such as thickening of the intima in the carotid artery, were
not examined and not included in ASCD in this:study.

Determmatlon of Visceral and Subcutariecus Fat
Areas by MDET '

All of the MDCT images were obtained either by Aquﬂhon
4DAS (Toshlba Inc., Tokyo, Japap). or nght Speed Ultra
8DAS (General Elecmcs Japan Co., Tokyo Japan) with a
“minimal slice width of 5-7 mm. Data wefe stored on ‘visual
servers and retrospectively analyzed using commertially sup-
plied software without.information tegarding patients’ car-
diovascular and biochemical parameters. The fat.areas in each

au‘ujc»L were dc’tet‘mln
umbilicus (Fig. 1) irtual Place (AZE Inc., Tokyo,
Japan). Subcutaneous defined as the extraperitoneal
fat between skin and musclé; with attenuation ranging from
—150 to —50 Hounsfield umts The intraperitoneal part with
the same density as the subcutaneous fat layer was defined as
visceral fat. The visceral fat area (VFA) and subcutaneous fat
area (SFA) were determined by automatic planimetry.

Determination of AC ' -

AC on CT (ACcr) was determined in all subjects, from CT
images at the umbilical level usinig a mobile caliper. In 80
randomly selected. subjects (37 males and 43 females),
abdominal circumference (ACy) was also measured with an
anthropometric tape to confirm its correlation with ACcr.

Statistical Analysis

All numeric- variables are, expressed as the means+SD. Dif-
ferences in the incidences betweén § groups were tested by the
X test. Comparison of group. mean data was, performed by
one-way analysis of variance (ANOVA) and Bonferroni’s
post Lo test. The correlation between two-values was evalu-

" ated by linear and exponential regression analyses. Difference

between -regression lines was examined by analysis-of co-
variance. Values of p <0.05 were considered statistically: sig-
nificant. ROC analysis was performed to determine cutoff
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Fig. 3. Correlation between abdominal circumference (ACcr) and accumulation-of visteral (VFA) and subcutaneous fat (SFA).
Open circles and closed circles indicate the data Jor males and feminles, respectively. Therz was no significant difference in the
régression lines for the ACci-VFA relationships between males (broken line) and females (solid line): However, the regression
line for: the ACcr-SFA relationship was shifted vpwards in females compared with males.

points of VFA yielding the maximum sensitivity and specific- nary artery disease terided to be-higher. in' males than-in
ity for predicting metabolic syndrome and ASCD. females, though the difference was not statistically signifi-
| cent. The pereeniages. of subjects on pharmacological treat-
Resuilts ~ ments for hypertension, hyperlipidemia and. giab_pi_es_,.vygge
) - 57%, 26% and 19%, respectively.

Characteristics of Subjects . ‘ , o
As shown:in Table 1, we enrolled 420 patients aged 6215 X;:gf;gar_ggp?bcutﬂ"eous Fat Dégosition in

years old (age range, 14-92 years). The age and incidences of S
risk factors, except for hyperuricemia and smoking, were Figure 2 shows: the levéls of VPA-and.SFA:and ratio-of VFA
compdrable in the male and female subjects. Of the 420 to total fat area (TFA; TFA=VFA+SFA) in each age group.
patients, 180 (42.9%) had ASCD, and the incidence of coro- There was a trend for lower VFA and higher SFA in subjects
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