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Visceral fat thickness measured by ultrasonography can estimate
not only visceral obesity but also risks of cardiovascular and

metabolic diseases'™
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Hyun Chul Lee, Kap Bum Huh, and Bong Soo Cha

ABSTRACT

Background: Visceral obesity isclosely associated with cardiovas-
cular disease and the metabolic syndrome. Estimating the amount of
visceral fat isimportant and requiresastraightforward, reliable, and
practical method.

Objective: We investigated whether visceral fat thickness (VFT)
measured by ultrasonography can adequately assess visceral fat ac-
cumulation and predict cardiovascular or metabolic diseases.
Design: Diabetic patients (240 men and 106 women) underwent
ultrasonography to estimate visceral fat accumulation.

Results: The visceral adipose tissue area had the best correlation
with VFT (r = 0.799, P < 0.001). VFT correlated with HDL-
cholesterol, triacylglycerol, and high-sensitivity C-reactive protein
concentrations, the homeostasis model assessment for insulin resis-
tance, and the intima-media thickness at the common carotid artery
(r = —0.30, 0.39, 0.34, 0.31, and 0.33, respectively; P < 0.05) in
men and with triacylglycerol and high-sensitivity C-reactive protein
concentrations and the homeostasis model assessment for insulin
resistance (r = 0.33, 0.44, and 0.30, respectively; P < 0.05) in
women. Men inthe middle and high VFT tertiles had a higher odds
ratio (OR) of coronary artery disease[ORs: 4.48(95%Cl: 1.29,5.51)
and 2.04 (1.06, 3.94), respectively; P = 0.016], hypertriacylglycer-
olemia[ORs: 2.87 (1.41, 5.86) and 1.91 (1.24, 2.95), respectively;
P = 0.003], and the metabolic syndrome[ORs: 3.38 (1.61, 7.10) and
1.95(1.16, 3.27), respectively; P = 0.003] than did thosein thelow
tertile, after adjustment for age, waist circumference, and body mass
index.

Conclusion: VFT might beareliableindex for assessing the amount
of visceral fat and for identifying diabetic patients, particularly men,
who are at high risk of cardiovascular disease. Am J Clin Nutr
2004;79:593-9.

KEY WORDS Abdominal obesity, cardiovascular disease,
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INTRODUCTION

Obesity has induced many public health problems related to
metabolic diseases, including glucoseintol erance, hypertension,
dyslipidemia, hyperinsulinemia, and atherosclerosis. Moreover,
these complexesareknown toincreasetherisk of cardiovascular

disease (CVD; 1). In particular, the accumulation of adipose
tissue predominantly in the viscera cavity playsamajor rolein
the development of metabolic syndrome, CVD, or both (2).

Therefore, estimating the visceral fat accumulation isimpor-
tant in terms of evaluating patients with a higher risk of CVD.
Currently, computed tomography (CT) at the abdominal level is
recognized as the standard method (3). However, exposure to
ionizing radiation, high cost, and low availability prevent the
wideuseof CT inclinical and epidemiologic studies. Therefore,
alternative, smple, noninvasive methods of assessing visceral
fat accumulation are needed. Such methods would include the
anthropometric indexes, such as the body mass index (BMI; in
kg/m?), waist circumference, and thewaist-to-hip circumference
ratio (WHR; 4); dual-energy X-ray absorptiometry (5); and ul-
trasonography (6—9). Ultrasonography is areliable and conve-
nient way of quantifying the amount of viscera fat, and the
diverse ultrasonographic values were reported to be useful (6—
11). Nevertheless, the absence of a useful measurement with
established simplicity andreliability preventsthewidespread use
of ultrasonography. In addition, whether the ultrasonographi-
cally determined amount of visceral fat directly reflectsthe risk
of CVD, other metabolic diseases (eg, hypertension, dyslipide-
mia, and metabolic syndrome), or both remains to be proven.

To assessthe usefulness of ultrasonographic measurement for
viscera fat, we investigated the correlation between the values
measured with CT and with ultrasonography and the correlation
between several ultrasonographic values and the risk factors of
CVD. Thisstudy particularly focused on whether thevisceral fat
thickness (VFT) measured by ultrasonography could be an al-
ternative index for estimating the risk of CVD and whether it
could predict the presence of coronary artery disease (CAD) or
other metabolic diseases.
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SUBJECTS AND METHODS

Subjects

Three hundred forty-six diabetic patients (240 men and 106
women) who visited the Diabetes Center at the Severance Hos-
pital, Yonsel University, for glycemia control were enrolled in
the study. The exclusion criteria included pregnancy; endocri-
nopathies other than diabetes; a history of treatment with anti-
obesity drugs, thiazolidinediones, or corticosteroid; abnormal
rena function as determined from the age-adjusted creatinine-
clearance values, symptoms that are indicative of CAD within
the previous 6 mo; abnormal electrocardiogram findingswithout
aconfirmation by angiography; and weight lossof > 3kg during
the past 3 mo.

All the participants underwent the standard examination and
testing, which included measurement of the concentrations of
fasting glucose, total cholesterol, HDL cholesterol, triacylglyc-
erol, high-sensitivity C-reactive protein (hsCRP), and insulin;
blood pressure, height, weight, and waist and hip circumference
measurements (by the same investigator); a resting electrocar-
diogram; and completion of a questionnaire on CVD and other
diseases. Asan indicator of insulin resistance, this study used an
index for a homeostasis model assessment for insulin resistance
(HOMA-IR), which was calculated as follows:

HOMA-IR = [fasting plasma glucose (mmol/L) X
fasting serum insulin (wU/mL)]/22.5 (1)

The body fat distribution for al participants was estimated by
ultrasonography, and CT scan was performed on only 75 of the
subjects (50 men and 25 women). The study wasapproved by the
Ethics Committee of Yonsel University College of Medicine,
and written informed consent was obtained from each subject.

Anthropometric data

Theheight and weight were measuredto thenearest 0.1 cmand
0.1 kg, respectively, whilethe subjectswere wearing light cloth-
ing and not wearing shoes. The waist circumference was mea-
sured at themidpoint betweenthelateral iliac crest and thelowest
rib, and the hip circumference was measured at the maximal
protrusion of the greater trochanter.

Ultrasonography was performed by using a high-resolution
ultrassonographic system (SA 9900; Medison, Seoul, Korea) as
described by Suzuki et a (10) and Armellini et a (11). Briefly,
the subjects were examined in the supine position. All frozen
images were obtained immediately after respiration to avoid the
influence of therespiratory statusor abdominal wall tension. The
maximum thickness of the preperitoneal fat (PFT,,,) and the
minimum thickness of the subcutaneous fat (SFT ,;,,) were mea-
sured by longitudinal scanning with the use of a7.5-MHz linear
probe from the xiphoid process to the umbilicus along the linea
alba. Thepreperitoneal fat thicknesswas defined asthethickness
of the fat tissue between the liver surface and the lineaaba, and
the subcutaneousfat thicknesswasdefined asthethicknessof the
fat tissue between the skin-fat interfaceand thelineaal ba. There-
after, transverse scanning was performed to measure the maxi-
mum subcutaneous fat thickness (SFT,,,.) by usinga7.5- MHz
probe and to measure VFT by using a 3.5-MHz probe; both
measures were obtained 1 cm above the umbilicus. VFT was
defined asthe distance between the anterior wall of the aortaand

the internal face of the rectoabdominal muscle perpendicular to
the aorta. The ratio of PFT,,, to SFT,;, was calculated and is
referred to as the abdominal wall fat index (AFI). The ratio of
VFT to SFT .., Was cal cul ated as the value corresponding to the
CT-determined ratio of visceral fat area (VFA) to subcutaneous
fat area (SFA) (VSR).

CT scanning was carried out on the same day as ultrasonog-
raphy. The CT scans were performed (Tomoscan 350; Philips,
Mahway, NJ) to measure the VFA and SFA at L4-L5 and the
muscle and fat areas at midthigh (the midpoint of the upper
border of the patella and the greater trochanter). Adipose tissue
was defined as having a density of —150 to —50 Hounsfield
units, and muscle tissue was defined as having a density of —49
to 100 Hounsfield units (12). The VSR and the ratio of the VFA
to the muscle area (VMR) were calculated.

The bilateral common carotid arteries (CCAs) were scanned
by using the SA9900 system (Medison) with a 7.5-MHz linear
transducer. Scanning was performed at thefar wall of themiddle
and distal CCAs by using alateral longitudinal projection. The
intima-media thickness (IMT) at the CCA, which is defined as
the distance between the media-adventitia interface and the
lumen-intimainterface, was measured at the point of the greatest
thickness and at 1 cm upstream and 1 cm downstream of that
point with the use of a Digimatic electronic caliper (Mitutoyo,
Kawasaki, Japan). The mean IMT was defined as the mean of 6
measurements, and the maximum IM T wasdefined asthelargest
of 6 measurements. The same investigator performed all the
ultrasonographic procedures used to estimate the fat distribution
and the IMT.

Definition of terms

Asdetailedin thereport of the Adult Treatment Panel 111 (13),
metabolic syndrome was defined the presence of =2 of the con-
ditions hypertriacylglycerolemia, low-HDL cholesterolemia,
and hypertension. Dyslipidemia was defined as hypertriacyl-
glycerolemia (= 1.7 mmol/L, or = 150 mg/dL), low-HDL cho-
lesterolemia (< 1.0 mmol/L, or <40 mg/dL, in men; < 1.3
mmol/L, or < 50 mg/dL, inwomen), or receipt of hypolipidemic
treatment. Hypertension was defined asasystolic blood pressure
of = 130 mm Hg and adiastolic blood pressure of = 85 mm Hg,
and the use of antihypertensive agents was also considered to
indicate hypertension. In this study, abdominal obesity was not
included in the component of metabolic syndrome because sub-
jects with alarger waist circumference have alonger VTF, and
that fact might bias the results.

Analytic methods

The serum glucose concentrations were determined by using
the glucose oxidase method. The plasmainsulin concentrations
were measured by using a radioimmunoassay according to a
double-antibody method and with a commercially available ra-
dioimmunoassay kit (Linco Research Inc, St Charles, MO). The
serum cholesterol and triacylglycerol concentrations were mea-
sured enzymatically. The hsCRP concentration was quantified
by using a Nephelometer 1| (Dade Behring Diagnostics, Mar-
burg, Germany; 14).

Statistical analysis

Statistical analyses were performed by using SPSS software
(version 10.0; SPSS Inc, Chicago) and were carried out sepa-
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TABLE 1
Clinical characteristics of the subjects by tertile of visceral fat thicknesst
Men Women
Low tertile  Middletertile  High tertile P for Low tertile  Middletertile  High tertile P for
(n=78) (n=181) (n=81) trend (n=35) (n=34) (n=137) trend

Age(y) 479+ 128 499+ 118 515+110 NS 522+ 113 537+t 75 55.0 5.9 NS
Weight (kg) 66.6 + 9.8 71.8+88% 765+ 95 <0001 581+83 59.6 + 7.1 66.0 + 9.5° < 0.05
Waist (cm) 83.3+ 6.6 87.7+£57° 927+ 6.8%° <0.001 798+ 105 83771 90.4 + 7.6° < 0.001
BMI (kg/m?) 232+ 25 247+ 26% 27.0+3.0%° <0.001 233+31 244+ 22 26.8 + 35° < 0.001
SFT e (MM) 208+ 75 209+70 195+79 NS 254+ 84 254+ 84 26.6 £ 64 NS
Glucose (mmol/L) 7.94 + 3.39 788+ 261 810+ 250 NS 860+294 7.78+339 894+250 NS
Hb A, (%) 79+19 77+15 78+ 16 NS 77+15 75+12 82+17 NS
Total cholesterol (mmol/L) 473+083 471+093 466+ 0.85 NS 455+ 075 466+080 4.86+0.70 < 0.05
HDL cholesterol (mmol/L) 1.15+0.18 111+ 019 108+ 0.19 NS 1.31+0.22 115+ 020 111+021> <0.05
Triacylglycerol (mmol/L) 346+ 150 496+198% 525+211° <005 310+119 442+217% 486+206° <0.05
Triacylglycerol:HDL cholesterol 332+192 515+ 4.26% 6.13 + 4.45° < 0.001 27+18 4.7 + 4.82 49+ 252 < 0.05
hsCRP (mg/L) 150 + 1.12 157+09 21+185* <005 0.71 + 1.59 093+060 152+ 11** <0.05
Insulin (pmol/L) 466+ 323 502+294 718+ 34* <005 574+444 61.7+308 682+36.6 NS
HOMA-IR 24+13 25+14 35+ 21%% < 0.05 29+ 27 31+21 35+17 NS
IMT e (MM) 068+ 014 0.74+012 0.84=+0.20° < 0.05 0.70+ 0.21 069+ 011 0.71+0.10 NS
IMT 12 (MmM) 0.88+023 094+020 1.06+0.21 NS 085+029 0.89+026 0.86+0.10 NS

1 All valuesarex + SD. Mean valuesfor tertiles of visceral fat thicknesswere 36.2 mm (95% Cl: 10.9, 44.0 mm) and 31.8 mm (15.0, 36.0 mm) (low tertil€),
53.3mm (44.1, 57.9 mm) and 44.7 mm (37.1, 47.0 mm) (middletertile), and 75.8 mm (58.5, 104.0 mm) and 63.6 mm (47.4, 98.0 mm) (high tertile) in the men
and the women, respectively. SFT,,.,, maximum subcutaneous fat thickness; Hb A,., glycated hemoglobin; hsCRP, high-sensitivity C-reactive protein;
HOMA-IR, homeostasis model assessment for insulin resistance; IMT o, @1d IMT .., mean and maximum intima-media thickness at the common carotid

artery, respectively.

23 gignificantly different from the low tertile (one-way ANOVA followed by Scheffe's post hoc test): 2P < 0.05, * P < 0.001.
45 Gignificantly different from the middie tertile (one-way ANOVA followed by Scheffe's post hoc test): P < 0.05, ® P < 0.001.

rately in men and women because of the significant differencein
body fat distribution between the sexes. The associations be-
tween the continuous variables were determined by using Pear-
son’ s correlation coefficients. Theintergroup comparisonswere
performed by using an independent-samplet test and a one-way
analysis of variance followed by Scheffe's post hoc test. The
prevalence and risk relation of CAD or the other metabolic dis-
eases among the groups were compared by using a chi-square
test. Logistic regression, which was adjusted for age, waist cir-
cumference, and BMI, was used to analyze the associations be-
tween the tertiles of the VFT and the presence of CAD or other
metabolic diseases. A low tertile of VFT was used as the refer-
ence category [oddsratio (OR): 1.00]. Receiver operating char-
acteristic (ROC) curve analyseswere performed to determinethe
sensitivity and specificity of using VFT asaforecaster of meta-
bolic syndrome. P values < 0.05 were considered significant.

RESULTS

Clinical characteristics of the subjects

The subjectswere classified by the tertile on the basis of their
VFT; the mean values are < 44.1 mm in men and < 36 mmin
women for the low tertile, 44.1-58.0 mm in men and 36.0—47.0
mm in women for the middle tertile, and > 58.0 mm in men and
> 47.0 mm in women for the high tertile. The patients' charac-
teristics according to VFT tertiles are shown in Table 1. No
differences in terms of age, SFT .., concentrations of fasting
glucose or glycated hemoglobin (Table 1), duration of diabetes,
or systolic and diastolic blood pressures (data not reported) were
observed between the tertiles in the men or the women. The
weight, waist circumference, and BMI increased from the low

tertile to the middle tertile and the high tertile. In the men, the
fasting serum concentrations of triacylglycerol, hsCRP, and in-
sulin; the ratio of serum triacylglycerol to HDL cholesterol;
HOMA-IR; and the mean IMT in the high tertile group were
higher thanthoseinthelow tertilegroup. WomeninthehighVFT
tertile had higher fasting serum triacylglycerol and hsCRP con-
centrations, higher triacylglycerol:HDL, and a lower HDL-
cholesterol concentration than did those in the low tertile.

Correlations of values measured by CT and
ultrasonography in 75 subjects

To test the usefulness of ultrasonography for evaluating ab-
dominal adiposity, this study first compared the val ues obtained
by ultrasonography with thoseobtained by CT scanin 75 subjects
selected from the study population. The 75 subjectsdid not differ
significantly from the entire population in anthropometric and
biochemical characteristics (data not shown).

The anthropometric characteristics of the 75 subjects who
underwent CT scanning are listed in Table 2. No differencesin
age, BMI, waist circumference, WHR, or thetotal abdominal fat
areawere observed between the men and the women. Neverthe-
less, the men had less subcutaneous fat deposition and a higher
VSR than did the women. These differences identified by CT
scan were al so observed in the ultrasonographic assessment.

This study investigated the correlations between values ob-
tained by using CT scanning (VFA, VSR, and VMR) and those
obtained by using ultrasonography (VFT, PFT .., AFl, and
VFT:SFT, . Table3). The VFT correlated with the VFA (r =
0.799, P < 0.001), VSR, and VMR. The VFT:SFT . was well
correlated withthe VFA (r = 0.473, P < 0.05), VSR, and VMR.
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TABLE 2
Anthropometric indexes in the 75 patients who underwent computed
tomography*

Men (n = 50) Women (n = 25)

Age(y) 457+ 9.8 46.7 + 10.3
Weight (kg) 737+ 121 611+ 14.1%
BMI (kg/m?) 253+ 3.8 241+ 38
Waist (cm) 880+ 7.8 842+ 112
WHR 093+ 0.04 0.93 £ 0.07
Computed tomography

Total fat area (cm?) 225.1 + 66.2 2585+ 81.7

VFA (cm?) 95.4 + 29.7 825+ 281

SFA (cm?) 129.7 + 48.7 175.9 + 66.32

VSR 0.79 +0.28 0.51 + 0.18?
Ultrasonography

VFT (mm) 51.7 + 154 371+ 1822

SFT hax (Mm) 224+ 80 30.1 +9.8°

AFI 191+ 1.19 0.84 + 0.31%

VFT:SFT, 2.56 + 1.00 131+ 0.75?

1 All valuesarex = SD. WHR, waist-to-hip circumferenceratio; VFA,
visceral fat area; SFA, subcutaneousfat area; V SR, visceral -to-subcutaneous
fat arearatio; VFT, viscera fat thickness, SFT ., the maximum subcuta-
neous fat thickness; AFI, abdominal wall fat index (ratio of maximum pre-
peritoneal fat thickness to minimum subcutaneous fat thickness).

2 Significantly different fromthe men, P < 0.05 (independent-samplet
test).

Incontrast, thecorrelation of waist circumferencewith VFA (r =
0.543, P < 0.05) was weaker than that with the VFT.

Coefficients of variation of the ultrasonographic values

Theintraobservational reproducibility of theultrasonographic
estimationswas 1.5-2.0%for the VFT, 1.8—-3.2%for the SFT,,.«
and SFT,,,, and 3.0-5.2% for the PFT ... The reproducibility
between the 2 operators was 1.8-2.8% for the VFT and 3.5
8.1% for the other indexes. Therefore, the absolute value of the
VFT might be a more useful marker of visceral fat deposition
than might either the PFT ..., AFI, or VFT:SFT, ..

TABLE 3
Pearson’s correlation coefficients between the values measured by
computed tomography (CT) and by ultrasonography*

CT scan
Ultrasonography VFA VSR VMR
VFT 0.799? 0.386° 0.611°
PFT ax 0.328° 0.136 -0.117
AFI 0.101 0.502° 0.303
VFT:SFT, o 04733 0.5712 0.5842

1 75 patients underwent CT. VFA, visceral fat area; VSR, visceral-to-
subcutaneous fat area ratio; VMR, visceral fat-to-thigh muscle area ratio;
VFT, viscera fat thickness; PFT .., maximum preperitoneal fat thickness;
AFI, abdominal wall fat index (ratio of maximum preperitoneal fat thickness
to minimum subcutaneous fat thickness); VFT:S, ., ratio of VFT to maxi-
mum subcutaneous fat thickness.

2P < 0.001.

3P < 0.05.

Correlations between several ultrasonographic values and
clinical and laboratory data

Thecorrel ation coefficientsbetween the ultrasonographic val -
ues and the clinical data are shownin Table4. Inthemen, VFT
correlated with BMI; waist circumference; concentrations of se-
rum HDL cholesterol (negatively), triacylglycerol, hsCRP, and
insulin; triacylglycerol:HDL cholesterol; HOMA-IR; and the
mean and maximum IMT. Inaddition, VFT correlated withBMI,
waist circumference, triacylglycerol and hsCRP concentrations,
triacylglycerol:HDL cholesterol, and HOMA-IR in the women.

Waist circumferencecorrelated withtriacylglycerol (r = 0.24,
P < 0.05), HDL-cholesterol (r = —0.17, P < 0.05), and insulin
(r = 0.27, P < 0.05) concentrations, triacylglycerol:HDL choles-
teral (r = 0.24, P < 0.001); HOMA-IR (r = 0.27, P < 0.05); and
mean IMT (r = 0.20, P < 0.05) in men. However, the correlation
coefficientsbetween waist circumference and theaboverisk factors
were lower than those between VFT and the aboverisk factors.

Association between VFT and the prevalence of CAD and
metabolic diseases

Next, this study compared the prevalence of CAD, hyperten-
sion, dyslipidemia (hypertriacylglycerolemia, low-HDL choles-
terolemia, or both), and metabolic syndrome in the men and the
women according to VFT tertile (Table 5). Men in the middle
and high VFT tertiles had a greater prevalence of CAD, hyper-
triacylglycerolemia, low-HDL cholesterolemia, and metabolic
syndrome than did those in the low tertile. In women, the prev-
alenceof dydlipidemiaand metabolic syndromewashigher inthe
middle and high tertiles than in the low tertile. However, the
prevalence of CAD did not differ significantly among tertiles.

Thelogisticregression resultsshowing the ORsfor thevarious
metabolic diseasesinthe VFT tertilesarelisted in Table 6. The
ORs for CAD, hypertension, hypertriacylglycerolemia, low-
HDL cholesterolemia, and metabolic syndrome were higher for
men in the middle and high tertiles than for those in the low
tertile. The ORsfor dyslipidemiaand metabolic syndrome were
higher for women inthe middleand high tertilesthan for thosein
thelow tertile. With the exception of hypertensionand low-HDL
cholesterolemiain the men and hypertriacylglycerolemiain the
women in the high VFT tertile, these observations remained
significant after adjustment for age, waist circumference, and
BMI.

AsshowninFigurel, the areaunder the ROC curvefor VFT
as apredictor of the presence of metabolic syndrome was 0.764
(95% Cl: 0.700, 0.827; P < 0.001) in men and 0.730 (95% CI:
0.614, 0.845; P = 0.001) inthewomen. A VFT of 47.6 and 35.5
mm in the men and the women, respectively, wasfound to bethe
discriminating cutoff for the metabolic syndrome (specificity of
74% and 78% and sensitivity of 71% and 69% inthemenandin
thewomen, respectively). Theuseof ROC analysesto predict the
presence or absence of CAD, other metabolic diseases, or both
showed that the area under the curvesfor VFT were 0.621 (95%
Cl: 0.527, 0.714) for CAD, 0.649 (95% CI: 0.572, 0.725) for
hypertension, 0.725 (95% Cl: 0.657, 0.793) for hypertriacyl-
glycerolemia, and 0.583 (95% ClI: 0.507, 0.659) for low-HDL
cholesterolemiain themen and 0.687 (95% CI: 0.577, 0.799) for
hypertriacylglycerolemia and 0.695 (95% ClI: 0.544, 0.803) for
low-HDL cholesterolemiain the women.
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TABLE 4

Pearson’ s correlation coefficients between several ultrasonographic values and the clinical or laboratory data®

Men (n = 240) Women (n = 106)
VFT Proe AFI VFT:SFT, VFT Proax AFI VFT:SFT e
BMI 0.61? 0.33? —0.08 0.14° 0.60% 0.25 -0.27° —0.05
Waist circumference 0.622 0.29? —0.06 0.20° 0.56% 0.18 -0.26° 0.12
Total cholesterol 0.03 0.07 0.04 0.05 0.25 0.10 0.18 -0.11
HDL cholesterol -0.30° —-0.15 —0.07 -0.15° —-0.17 —0.20 0.11 —0.09
Triacylglycerol 0.39? —0.03 0.09 0.13 0.33° 0.09 —0.07 —0.08
Triacylglycerol:HDL cholesterol 0.40? —0.09 0.05 0.14 0.31° 0.05 —-0.12 —0.06
hsCRP 0.34? 0.14 0.14 0.02 0.44? 0.22 —-0.13 0.12
Fasting insulin 0.33° 0.01 0.12 —0.08 0.21 0.11 —0.03 —0.10
HOMA-IR 0.312 0.10 0.07 0.10 0.30° 0.11 —0.08 —0.08
IMT hean 0.33° 0.17 0.02 0.30° 0.28 0.16 0.24 0.33
IMT o 0.24° 0.11 0.09 0.23% 0.15 0.27 0.45° 0.15

1 VFT, visceral fat thickness; PFT,,,, the maximum preperitoneal fat thickness;, AFI, abdomina wall fat index (ratio of maximum preperitoneal fat
thickness to minimum subcutaneous fat thickness); VFT:SFT .., ratio of VFT to SFT; hsCRP, high-sensitivity C-reactive protein; HOMA-IR, homeostasis
model assessment for insulin resistance; IM T, .., and IMT,,...., mean and maximum intima-media thickness at the common carotid artery, respectively.

2P < 0.001.
3P < 0.05.

DISCUSSION

Previous studies reported that ultrasonography could be used
to estimate visceral adiposity (8—10). However, no definite val-
ues were established. This study showed that VFT had a better
correlation with the values measured by CT than did PFT,,4,
AFI, or VFT:SFT .. and that VFT might be very useful in as-
sessing the amount of visceral fat accumulation. Furthermore,
this study found that a high VFT was closely related to an in-
creased risk of CVD and to a greater prevalence of CAD, other
metabolic diseases, or both in men. Therefore, thisstudy empha-
sizes that an assessment of visceral fat amounts via ultrasonog-
raphy can be used to evaluate the risk of CVD and predict the
presence of various metabolic diseases.

Body fat distribution varies considerably, even among people
with similar total fat amounts. It is well known that visceral
obesity may be a better predictor of metabolic syndrome—
including hyperinsulinemia, glucose intolerance, dyslipidemia,
and CVD—and cancer than may general obesity (1, 15). In ad-
dition, subjects judged by the BMI criteria to be lean may be
insulin resistant if they have centrally located body fat (16).

Severa methods of assessing the amount of visceral fat accu-
mulation have been investigated. The simplest way isto use an
anthropometric index such as BMI, waist circumference, WHR,

abdominal sagittal diameter (4), or neck circumference (17).
These vaues provide a fast, easy, and noninvasive method of
ng regional adiposity, particularly in epidemiologic stud-
ies (18, 19). However, it is possible that substantial variationsin
the viscera fat content may be observed among persons with a
similar waist circumference or WHR value because these in-
dexesarenot the direct methods of quantifying the amount of fat
or of discriminating between visceral and subcutaneousfat. Ac-
cordingly, alternative and reliable methods are needed to over-
come these pitfalls of anthropometric indexes.

Although ultrasonography is not a method normally used to
quantify the amount of fat, this study suggeststhat it may be an
alternative method of assessing visceral adiposity. Furthermore,
the ORsfor CAD [ORs: 4.48 (95% Cl: 1.29, 5.51) and 2.04 (95%
Cl:1.06,3.94); P = 0.016], hypertriacylglycerolemia[ ORs:. 2.87
(95% Cl: 1.41, 5.86) and 1.91 (95% ClI: 1.24, 2.95); P = 0.003],
and metabolic syndrome [ORs:. 3.38 (95% ClI: 1.61, 7.10) and
1.95 (95% ClI: 1.16, 3.27); P = 0.003] in the men in the middle
and high VFT tertiles, respectively, were significantly higher
than thoseinthe meninthelow tertile, even after adjustment for
age, waist circumference, and BMI. In addition, the VFT corre-
lated with severd risk factorsfor CV D, such asthefasting plasma
triacylglycerol, hsCRP, and insulin concentrations; triacylglyc-

TABLE 5
Prevalence of coronary artery disease (CAD) and metabolic diseases within the visceral fat thickness tertiles in the male and femal e subjects®
Men Women

Low tertile Middle tertile High tertile Low tertile Middle tertile High tertile
Prevalence (n=78) (n=181) (n=181) (n=35) (n=34) (n=37)
CAD (%) 54 17.9 21.6 29 12.9 9.1
Hypertension (%) 50.0 65.4 79.7° 64.7 67.7 60.6
Hypertriacylglycerolemia (%) 35.1 66.7° 71.0° 353 67.7° 69.7°
Low-HDL cholesterolemia (%) 405 60.3° 60.82 52.9 87.12 90.9°
Metabolic syndrome (%) 35.9 72.8° 86.4° 57.1 82.4? 94.6°

1 The definitions of hypertension, hypertriacylglycerolemia, low-HDL cholesterolemia, and metabolic syndrome are given in the Definition of terms

subsection of Subjects and Methods. CAD confirmed by angiography.

23 Gignificantly different from the low tertile (chi-square analysis): 2P < 0.05, * P < 0.001.
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TABLE 6
Odds ratios and 95% Cls of coronary artery disease (CAD) and the metabolic diseases by tertile of visceral fat thicknesst
Unadjusted Adjusted®
Low tertile Middle tertile High tertile P for trend Middle tertile High tertile P for trend
Men (n = 240)
CAD 1.00 3.83(1.20,12.23)° 4.83(1.53, 15.24)* 0.006 4.48(1.29,5.51)° 2.04(1.06, 3.94)% 0.016
Hypertension 1.00 1.89(0.98, 3.63) 3.93(1.90, 8.14)* < 0.001 1.46(0.70,3.06) 1.40(0.88,2.23) 0.096
Hypertriacylglycerolemia 1.00 3.69(1.89,7.21)*  6.19(3.01,12.74* <0.001 2.87(1.41,586)° 1.91(1.24,2.95)° 0.003
Low-HDL cholesterolemia 1.00 2.22(1.16, 4.26)° 2.28(1.18, 4.40)° 0.014 1.77(0.88,3.53) 1.36(0.90, 2.05) 0.18
Metabolic syndrome 1.00 4.43(2.24,878)* 11.14(4.92,2523)* <0.001 3.38(1.61,7.10)° 1.95(1.16,3.27)° 0.003
Women (n = 106)
CAD 1.00 4.89(0.52,46.36)  3.30(0.33, 33.46) 0.19 4.68(0.48,45.14) 1.57(0.42,5.88) 0.21
Hypertension 1.00 1.45(0.41, 3.21) 0.84 (0.31, 2.26) 0.30 0.95(0.30,3.03) 0.67(0.36,41.28) 0.35
Hypertriacylglycerolemia 1.00 3.85(1.37,10.79)° 4.22(1.52,11.73)° 0.003 3.91(1.33,11.48)° 1.71(0.95, 3.09) < 0.05
Low-HDL cholesterolemia 1.00 6.00(1.72,20.89)* 8.89 (2.27, 34.79)* 0.014 5.32(1.48,19.09)° 2.81(1.33,5.97)° < 0.50
Metabolic syndrome 1.00 473(1.35,16.54)° 22.4(2.73,9892* <0.001 3.25(1.19,11.03)%10.74(1.12,67.83)° < 0.05

1 The definitions of hypertension, hypertriacylglycerolemia, low-HDL cholesterolemia, and metabolic syndrome are given in the Definition of terms

subsection of Subjects and Methods. CAD confirmed by angiography.
2 Adjusted for age, waist circumference, and BMI.

34 Significantly different from the low tertile (logistic regression analysis): 3P < 0.05, P < 0.001.

erol:HDL cholesterol; and HOMA-IR. These correlations with
VFT were relatively stronger than were those with the waist
circumference or other ultrasonographic values. Moreover, the
mean and maximum IMTs at the CCA, which are a marker of
early atherosclerosis, correlated with VFT (r = 0.33 and 0.24,
respectively; P < 0.05) and VFT:SFT, . (r = 0.30 and 0.23,
respectively; P < 0.05) in men, but did not correlate with the
other anthropometric and imaging values, except for waist cir-
cumference, which showed a weak correlation with the mean
IMT (r = 0.20, P < 0.05).

In addition, this study suggested that a VFT of 47.6 and 35.5
mm in the men and the women, respectively, was a cutoff for
predicting the presence of CAD and various metabolic diseases.
In the case of metabolic syndrome, these cutoff values for VFT
wereshown to have high specificity and sensitivity in both sexes.
Therefore, the ultrasonographi c measurement of VFT might bea

100

Sensitivity (%)

25
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good method of predicting CAD, metabolic diseases, or both and
of evaluating the risk of CVD without the limitations of the
anthropometric indexes.

Although the PFT .., measured by ultrasonography was pre-
viously reported to correlate positively with the VFA measured
by CT (10), wedid not observethiscorrel ation. Thisdiscrepancy
may result from the irreproducibility of the PFT,,,, measure-
ments or from differencesin the measuring sites. The siteswere
not fixed because PFT,,,., was measured at the thickest point in
thepreperitoneal fat. Therefore, itislikely that PFT ., hasahigh
degree of irreproducibility and that it may be an unadvisable
measurein clinical or epidemiol ogic studies. Inthepresent study,
theintraobservational and interobservational CVsfor VFT were
lower (1.5-2.0% and 1.8—3.0%, respectively) than those for the
other ultrasonographic measurements (1.8—5.2% and 3.5-8.1%,
respectively). Inaddition, VFT had abetter correlationwithVFA

Sensitivity (%)

0 25 ) 75 100

1- Specificity (%)

FIGURE 1. Receiver operating characteristic (ROC) analyses of visceral fat thickness as a predictor of the presence or absence of the metabolic syndrome
in men (left) and women (right). The higher the areaunder the curve—ie, the greater the curvature away from the 50% line—the greater the predictive power.
A visceral fat thickness of 47.6 and 35.5 mm in men and women, respectively, was chosen as the discriminator value to predict the presence of the metabolic
syndrome (specificity of 74% and 78% and sensitivity of 71% and 69% in the men and the women, respectively). The areaunder the ROC curvewas0.764 in

the men and 0.730 in the women.
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(r = 0.799, P < 0.001) than with the other ultrasonographic
valuesand withwaist circumference. Therefore, VFT appearsto
be more reliable in estimating the amount of visceral fat accu-
mulation than are the other ultrasonographic indexes.

Thisstudy had several limitations. First, it was performed only
in a Korean population. Accordingly, the VFT cutoffs used for
predicting the presence of CAD, metabolic diseases, or both may
differ from those in other ethnic groups. Second, because all the
participants were diabetic and almost every patient was being
treated with oral hypoglycemic, antihypertensive, or hypolipi-
demicagents, all of whichare capableof affectingtheserumlipid
concentration and insulin sensitivity, it is possible that the inter-
relations between VFT and the metabolic values related to the
risks of CVD were weakened. We believe that, had healthy sub-
jects been used in this study, a more conspicuous relation be-
tween VFT and the CVD risk would have been found. Third,
whereasVFT inthemenreasonably reflected CV D risk, it did not
do sointhewomen. Thedivergent significancesof VFT accord-
ing to the sex appear to bedueto thelower prevalence of CAD in
Korean women than in men. In addition, this study did not ana-
lyzetheroleof VFT inthewomen after grouping them according
to premenopausal and postmenopausal states. Accordingly, ad-
ditional work will be needed to validate the value of using VFT
in women.

In conclusion, VFT measured by ultrasonography was
strongly correlated with the amount of visceral fat and the risk
factors associated with CVD. A higher VFT was found to inde-
pendently predict CAD and metabolic diseases in the men.
Therefore, webelievethat VFT isamoreuseful index thanarethe
other ultrasonographic values or anthropometric indexes, not
only for assessing visceral obesity but alsofor screening patients,
particularly men, with ahigher risk of CAD, metabolic diseases,
or both. B
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