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(1) AMAZ: AAA S 7P 2AES g e o
A Qe 9m, AF% 718 2399 AF0E o2
27 a5 B AR SPQon, AdEAS
(body mass index)= | Z(kg)/7](m)’ .2 Axtal Tt

Aegdt Aol S2e b ol 399
2485 Aols) 4 b ¥ SHddon 9
o] 28l= @l 7MY F2 F9E S5
HAHolE Fo|7] Y8l A+t AAE St Aol =
st

(2) OIFHTAMME+ET (dual—energy x—ray absor—
ptiometry, DXA): 1027+ Htholl A o4 % o] FwkaLAl
373 (Hologic QDR 1500; Delphi)& o] &3] 71419]
A AR, 55 AYFTS AALE, AR Y
A AANLFS A2 S92 A3

(3) FEEHSEPB(computed tomography, CT): &
FUAAS T ostA Y gHA, gE S99 AW
{L%Q] S A S 7 FE 3% (Tomoscan 350, Philips,
S8tk AT & 4
2ol A Hounsfield

oxl [N

Mahway, NJ)S ©]-& ]—
EEERASE

816 I CRE

_&

rlr

unit 150914 500 &3e H9E
v} 8 A (abdominal fat area)S T3}%

n}7Z22&: 0] 3] 3} AW ™ F(subcutaneous fat area), ¢F2] U
ZF 2 vl A A (visceral fat area)S T3P o BR YA}
B X 53} R U] B (visceral fat area/ subcutaneous fat area:
VSRy& AFEatdth =429 45 457 flsto o
g Z7FE 9 (mid-portion between upper margin of patella
and greater trochanten)S B T3}= F 9ol A Hounsfield
unit 0 oA +1009] &3l RS E I F4ZS(mid-
thigh muscle area)oi T-23}3 o] = Hounsfield unit 0
AN +3000 SFHE RAE 2] AYEEAD W

=
Z(low density muscle area)<-

U% ‘%L% A=

T8} 3L Hounsfield unit +30
A +1007HKE AAEE=Z AL HZ(normal density
muscle area) © & ST EFWAA Y/ HE T S A4LS
(visceral fat area/midthigh muscle area: VMR)E -3} 1T}

3) YU-EE W} £T (brachial-ankle pulse wave
velocity, baPWV): AF¢hdhE mih e 82 124 W
& 715 %24 2 Z (form/ABI, Colin, Co. ltd., Komaki, Japan)
SA4aieleh A} Fetel AN e B 349
flom 54 g 9% gas dad dakd, i £
AXE o] &3l Aoy WEOA 7=
5]»;«2‘11 Zﬁ‘ﬂE SE ol FAS AT F SAAH
AFA 9] YL oscillometric HH S AHREL] 24 }oa o
1 o]Z E3| ankle-brachial pressure index (ABI)7} A}-5 2
2 AXEAY = Ad-dE ol a5 (1r.baPWV), 5<Jr

= s o ulr &S (ebaPWV)ZF S H AT =
-dbE M ol (= Gl s Wu ST 9
o] Q= oko] AdAA o] 2 7]olr=0.91, P<0.0001)" <

= A A HF r/le baPWVE o] &3} T} o] WY
o B EE oW AFHAN?, AR B2 HEA
Z(coefficient variation: CV), =3 A} 7+ HEAF+ 8.4%,
10.0% %t

4) B ZAE 8AIZE o)} A & T FHZHE
QA AU E AGHHDL) FH2HE, T8 99,
A " 2H(free fatty acid)-& H] A W (colorimetry)S ©] -8 3F
ADVIA 1650 AR5 U4} SHEA 7] (Bayer, terrytown, NY,
USA)E AHE3Qal, AEE AT ADLE [(F S8 2|
E-QE A9y FHZHES+T AR AdS
Atk CREZTES COBAS INTEGRA 7002 ©]-8-3F
particle enhanced immunoturbidometric method (Roche Diag-
nostic system, Basel, Switzerland)S A}-&3}] =434t}
FE &dL ztshdtgy o B XM (chemiluminescence im-
munoassay)= ©]-& 3t Elecsys 2010 (Roche, Indianapolis, IN,
USA) A2 BEA519 T} 2158 A3 homeostasis model
assessment of insulin resistance (HOMA-IR) A (3 & o<
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Table 1. Characteristics of the study population.

Non-visceral Visceral Povalues
obesity (n=62) obesity (n=47) u

Age (y0) 36.0+10.8 426113 0.003
Anthropometry

BMI (kg/m’)* 274435 283+41  0.211
Waist circumference (cm) 89.148.1 90.6£8.0 0.360
Hip circumference (cm) 102.7£7.5 102.5+6.5 0.883
WHR' 0.87+0.05 0.88+0.04 0221
pxa

Total body fat percent (%) 35.9+3.8 34.6+5.3 0.180
Total fat mass (kg) 24.4+4.6 243454 0.886
Total lean mass (kg) 41.4+4.4 43.2+7.4 0.146
Trunk fat mass (kg) 11.1+2.5 11.843.6 0.228
Trunk lean mass (kg) 20.31£2.2 21.5%3.5 0.052
Peripheral fat mass (kg) 12.3£2.5 12.3+5.4 0.921
Peripheral lean mass (kg) 17.6+24 17.9%3.5 0.552
CT§

Total fat areas (cm) 41041451.0  358.7x94.1  0.444
Visceral fat areas (sz) 75.3%£26.2 139.1+47.1  <0.001

Subcutaneous fat areas (cm’)  335.1+447.8 219.7+69.3 0.072

Thigh SFA (cm?)" 123.3434.5 104.0431.2  0.005
TLDMA (sz)w 18.7£13.4 20.3£12.8 0.559
TNDMA (cm’)** 87.4%14.8 8728240 0937
VSR 0.28+0.08 0.70£0.39  <0.001
VMR ¥ 0.71+0.24 130047  <0.001
Metabolic variables

SBP (mmHg)" 12234122 127.8+168  0.070
DBP (mmHg)" ' 74.7+10.5 784%11.1  0.093
Pulse pressure (mmHg) 47.6£8.0 49.4+9.7 0314
Total cholesterol (mmol/L) 186.8+42.8 191.2+30.1 0.556
LDL-cholesterol (mmol/L) 112.6142.1 117.8427.2 0.496
HDL-cholesterol (mmol/L) 52.9+12.7 47.849.7 0.035
Triglyceride (mmol/L) 99.4+56.6 125.8459.5 0.024
Free fatty acid (mg/Dl) 66.21253.8  613.31259.9  0.311
Fasting glucose (mmol/L) 90.6+16.1 97.1+16.5 0.049
Fasting insulin (mmol/L) 8.245.6 11.9+11.5 0.052
HOMA-IR™ 1.95+1.62 3.0443.12 0.039
Hs-CRP (mg/dL)*#* 1.54+2.00 1.48+1.65 0.881
Mean pulse wave velocity — 1,170.5£164.3  1,304.4+£200.0 0.001
Life style

Hypertension 9/62 (14.5%) 13/47 27.7%) 0.158
Diabetes 10/62 (16.1%) 11/47 (23.4%) 0.479
Smoking " 0/60 (0%) 147 2.2%) 0427
Alcohol drinking’ ¥ ¥ 6/62(9.7%)  3/47(6.8%)  0.161

P<0.05 by T-test, chi-square test, Fisher’s exact test. *BMI: body
mass index, = WHR: waist hip ratio, ¥ DXA: dual energy X-ray
absorptiometty, ST computed tomography, ! Thigh SFA: midthigh
subcutaneous fat area (cm?), "TLDMA: midthigh low density muscle
area (cm?), **TNDMA: midthigh normal density muscle arga* (cm),

VSR: abdominal visceral fat vs. subcutaneous fat area ratio, = = VMR:
abdominal visceral fat vs. midthigh skeletal muscle area ratio, $sBP:
systolic blood pressure, "'DBP: diastolic blood pressure, THOMA-
IR: homeostasis model assessment insulin resistance, ***Hs-CRP:
high-sensit*i\;itz C-reactive protein, T Smoking: current regular

smoking, Alcohol drinking: drinking more than one per week.

& [U/ml}x3-E & G{mmol/LY/22.5)2 A48} Th

5) SHEA: RE A E+ SAS 9.1% A 37 R|(SAS Ins-
titute Inc. Cary, NC, USA)E o] &3l =X = H+
EFUAE FASAT WAL Ao 4l
A AFA, AR T4, 8A AL HY, FA, ¢2E
A9 Apel7t A=A golry] A& T 724, Fhol Al
AA 4 Fisher®] FAAS ATt Aeh-EE wlg)
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2. PHU-EE B} ST (baPWV) HIBE P8
O

24 -ihE Wlol T (baPWV)S A ASHA] T Y E
#H(r=0.239; P=0.027), 32| o] = Hl(r=0.354; P=
0.001)9} ko] AAAAZS BPow, AFYH G52 A
A 3" WA HAH(r=0.456; P<0.001), F5u7%
A HHE B 0] 512 e] B](r=0.370; P=0.001), XA %]
WO g5 24 Z81)(r1=0.492; P<0.001)} %o] A o
A7F AAT AN HFE GG S E v
5 9 AW THr=-0.251; P=0.022)= <] FHAA7E A
ATHGEE 2(LE 1).
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Table 2. Correlation of pulse wave velocity and body composition.

Pulse wave velocity

r P-values
Anthropometry
BMI (kg/m’)* 0.147 0.179
Waist circumference (cm) 0.239 0.027
Hip circumference (cm) 0.064 0.586
WHR' 0.354 0.001
DxA*
Total body fat percent (%) 0.070 0.532
Total fat mass (kg) -0.021 0.849
Total lean mass (kg) -0.018 0.872
Trunk fat mass (kg) 0.204 0.068
Trunk lean mass (kg) 0.067 0.553
Peripheral fat mass (kg) -0.117 0.297
Peripheral lean mass (kg) -0.120 0.285
ct’
Total fat areas (cm’) -0.212 0.849
Visceral fat areas (cm’) 0.456 <0.001
Subcutaneous fat areas (cm’) -0.079 0.479
Thigh SFA(cm’)’ -0.251 0.022
TLDMA (cm’)! -0.059 0.599
TNDMA (cm’)** -0.063 0.569
VsR' " 0.370 0.001
VMR' ¥ 0.492 <0.001

Coefficients (r) and P-values are calculated by Pearson correlation
model. *BMI: body mass index, WHR waist hip ratio, ¥ DXA:
dual energy X-ray absorptiometry, ST computed tomography,
! Thigh SFA: midthigh subcutaneous fat area (cm ), .”TLDMA.
midthigh low density muscle area (cm’), **TNDMA: midthigh
normal density muscle area (cmz), T VSR: abdominal visceral fat
¥ VMR: abdominal visceral fat
vs. midthigh skeletal muscle area ratio.

L F
vs. subcutaneous fat area ratio,

300
250 1
200 o $ o

150 +

Visceral fat (sz)

100 73
‘:,0:’00 s
50 A *0ey % o
*

0

T T T T T T T
500 700 900 1,700 1,300 1,500 1,700 1,900
PWV (cm/s)

Figure 1. Correlation of abdominal visceral fat area measured by
CT and pulse wave velocity (r=0.456; P<0.001).

81 [ ERE

Table 3. Correlation between pulse wave velocity and other car-
diovascular risk factors.

Pulse wave velocity

Iy P-values
Age (yr) 0.550 <0.001
Systolic blood pressure (mmHg) 0.523 <0.001
Diastolic blood pressure (mmHg)  0.405 <0.001
Heart rate (beat/min) 0.072 0.595
Fasting blood sugar (mg/dL) 0.212 0.052
Fasting insulin (mmol/L) 0.045 0.683
HOMA-IR* 0.080 0.467
Total cholesterol (mg/dL) 0.177 0.108
LDL-cholesterol (mg/dL) 0.093 0.404
HDL cholesterol (mg/dL) -0.109 0.327
Triglyceride (mg/dL) 0.327 0.003
Free fatty acid (mg/dL) 0.206 0.063
Hs-CRP (mg/dL)" -0.045 0.687

Coefficients (r) and P-values are calculated by Pearson correlation

model. *HOMA-IR: homeostasis model assessment insulin resist-
+ . . . .

ance, Hs-CRP: high-sensitivity C-reactive protein.
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Table 4. Multiple regression analysis of body compositions and
pulse wave velocity.

Pulse wave velocity

Parz.uneter SE P-values*
estimate
Anthropometry
Waist circumference (cm) -6.243 10.321 0.547
WHR' 2,030,557 1,134.157  0.078
DxA*
Trunk fat mass (kg) 0.298 0.125 0.465
Trunk lean mass (kg) -0.015 0.018  0.947
Peripheral fat mass (kg) -0.023 0.021  0.277
Peripheral lean mass (kg) 0.003 0.020  0.885
cr’
Visceral fat areas (sz) 0.027 0.010 0.006

Subcutaneous fat areas (cm’)  -0.001 0.001  0.528
Thigh SFA (cm®)' -0.008 0.015  0.601
TLDMA (cm?)' 20.012 0.035  0.726
TNDMA (cm?)** 20.011 0.023  0.649

*Calculated by multiple regression model using mean pulse wave
velocity as the dependent variable. Each model (anthropometry,
DXA, CT) is adjusted for age, BMI, systolic blood pressure, fasting
blood glucose, triglyceride, free fatty acid and the other body
" WHR: waist hip ratio, ' DXA: dual
energy X-ray absorptiometry, ST computed tomography, ! Thigh
SFA: midthigh subcutaneous fat area (cm’), "TLDMA: midthigh
low density muscle area (cm’), **TNDMA: midthigh normal

composition variables,

. 2
density muscle area (cm”).
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71%©] 09] leptin, adiponectin, resistin, TNF-
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| ABSTRACTS

Visceral Abdominal Fat as a Determinant of
Arterial Stiffness in Overweight and Obese
Women

Ji Weon Lee, M.D., Hye Ree Lee, M.D., Jaeyong Shim,
M.D., Sang Hwan Kim, M.D.*, Jee Aee Im, Ph.D.** Duk
Chul Lee, M.D., Ph.D."

Department of Family Medicine, Yonsei University College of Medi-
cine, Yongdong Severance Hospital, *School of Medicine, Eulji Univer-
sity, **Department of Laboratory Medicine, MizMedi Hospital, Seoul,
Korea

Background: Increased abdominal obesity is clearly asso-
ciated with metabolic diseases and associated with in-
creased risk for atherosclerosis and cardiovascular dise-
ases. But the mechanisms underlying these associations
are not completely understood. The aim of this study was
to correlate the regional body composition with pulse
wave velocity in the overweight and obese women.
Methods: We investigated 104 overweight and obese
participants. Regional body composition was distingu-
ished by anthropometry, dual-energy X-ray absorptiome-
try, and computed tomography (CT). For estimates of
arterial stiffness, we measured brachial ankle pulse wave
velocity (baPWYV). Fasting blood glucose, lipid parame-
ters, CRP, and free fatty acid were measured. Pearson’s
correlation analysis and multiple regression analysis were
conducted to identify the relationship between baPWV
and regional body composition.

Results: Average age, fasting blood sugar, HDL-choles-
terol, triglyceride, HOMA-IR, abdominal visceral fat area
measured by CT, visceral fat area/ subcutaneous fat area
(VSR), and visceral fat area/midthigh muscle area (VMR)
were all significantly higher in the visceral obesity group
than the subcutaneous obesity group. BaPWV was po-
sitively correlated with age, blood pressure, triglyceride,
waist circumference, waist hip ratio, abdominal visceral
fat area measured by CT, and VSR and inversely cor-
related with thigh subcutaneous fat area. In multiple
regression models, after adjustment for confounding fac-
tors, baPWV was independently correlated with abdomi-
nal visceral fat area measured by CT (R*=0.560, P=0.006).
Conclusion: Abdominal visceral fat area measured by CT
was the only measurement positively associated with
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baPWV which explains the relationship of regional body

composition and arterial stiffness. (J Korean Acad Fam
Med 2006;27:815-821)

Key words: brachial-ankle pulse wave velocity, regional
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