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Novel Impedance Method for Analyzing Truncal Obesity
AdE BTN FAT AT AR QA e AT g
(Taek-Gyun Lim - Kwang-Seok Seo - In-Cheol Jeong * Suk-Hwan Jun * Yeon-Sik Noh -
Eung-Seok Kim + Hyung-Ro Yoon)
Abstract — Truncal obesity associated with insulin resistance and metabolic syndrome increase the likelihood of

hypertension, various cardiovascular diseases, hyperlipidemia and coronary heart diseases. International Diabetes
Federation (IDF) experts recognized that it is necessary to develop the simple diagnostic tool which is applicable to
diagnose truncal obesity worldwide, and proposed the method using a waist circumference but there is a limit to estimate
subcutaneous fat distribution. However, waist line is also influenced by total fat capacity less than the intra abdominal
fat. The more having severe obesity, the more correlation coefficient between waist line and intra abdominal fat is low.
Therefore, this thesis defines a new abdominal impedance measurement position and impedance-index to analysis central
obesity. This proposes the new model to estimate abdominal obesity using the abdominal impedance-index and CT
images acquired from 160 Korean subjects. The proposed model shows that the abdominal fat distribution has a higher

correlation than waist line. (Adj R2 = 0.809, 0.667 and 0.687 with abdominal fat area, visceral fat area and subcutaneous
fat area respectively).
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Fig. 1 Bio-Impedance parameter
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Fig. 2 Impedance electrodes placed for central obesity
analysis

@ Ag-AgCl A=

@ ME A5 =24 A

@ ds 24 29

B A3 Aeg 97 s

Aolg

a3 3WEY 2RANHA HI

Fig. 3 Belt type abdominal impedance electrodes

5 ARV 22 A 4 AOHEY dvdas F4
A A An} v} £F, Seg 5 YHYU2E Seg 1, 2

TE Seg 3, 4 ¥z FrRY} Fow Seg 1, 29 Seg
3, 4 AR HE AR} At wEA Seg 5 WP A=
Seg 1, 2 X229 Seg 3, 4 A2 9o BR JH Az2 A
7 e du-d2vt goixl Aottt uwpeld Seg 59 6&
Wy Az BE AEE X Idvdads ¢ 5 9

Avh APAZE AFATRG AT 0 FE B
o H7l Wil AWEAFEL dEFHAA YnHoz 4
=]

92 g7 Agaet

D

AZ sl AL BE WEE A%, Yo, 48 58
BgEos A8Y 4 gtk 53 DFAA 23 A% 23
S HAFA Atelo) FRBALS olgsl Ag HmE Al
&3 o W gwEe AYAEs BAoN g}
£ Bz 9% oo sesd 2t Y AFL A4
F Yok B o=Ee B¥ AY 94e 4330 A9 94



How iﬂ%‘—ﬂr g
/\];4- L]—o]
2 A48 U%

2 oQeng Agadn wx
of gL, HUEAE 5
F7h2 BAS.

A=
4=
kil

>

213 AHEA FAS 95 st=dlo]l HAH

EF ALEE BNE 93 Auuds B4 gofg}
dAite $18] 32 Bit vlela2 T2 A4 ARM9I20T I E
4% S3C2440(SAMSUNG)E AHg3le] Oxg Ao x| 28
< AN T 29 45 99dA FAL Y8 dXdE A
o-] ]_)_k_Eﬂoﬂ LHZ}-EL =Yy ,]
|4 &7 g8 Adud
B olFL FHFH °U4
239 FHUh a¥ 5
Z¥olt}, 1kHzol A 1MHz A
2 AEE e A3y v
T ARE #HEI E%%
1kHzol A 1MHz7}HA] %ﬂ—é}oﬂ AAR O] 450pA HFH
T JE AAFAE A9 1kHzo 4 1Mhz Abo]e
gy NEE RMS ﬁ-*?r Ages wEsigon, W
F AYL I6HE opdrE1-TIA Y BEI S o]43d O
d gte= wassn

> HE
_J>4
< mhq
o
%
o
jant

A
o
v
o
i

Azt A% U

2, i
"‘U_4

>.~
%z g
o

o e
oy [

fo >

o X
A

¥
fE e
-

e n g

i Az

i
e
2
ol
ol

30,
&
et
o 3R
fu
it

o ot 8 ¥

[o]
mlm
0

r

rkL‘ L

oo et o o o 2 M

Syster Initialize
Resait
Reporting

With for PC

Self Test Mode

Self Test By’ Measurement

nternal Zig Frequency Select
Measurement
Target Select

Data Transmissiol
and Check Errg

Meas.
Finish

a8 4 dudx &9 =20
Fig. 4 Impedance measurement program

A= @7413"43} e oy ZJJr-’F 9

AR 2L A8 AFI52HFINE o &
B4 FA4e fs HAAF  HA<Z(constant
current conveyor) 49 A BF WEIE AHEIATH

Trans. KIEE. Vol. 58, No. 4, APR, 2009

EBE WIIN
Bun guRk o e i
Goritofs
o

PlEseq: =
(Sme Was e

J

|

b
HE

ag 1% 8
GCurent
Deledtion

4

sEE o8
Gairr Son!ml

a8 5 MATHA SH AL

=Sclolof 1
Fig. 5 Block diagram of a bio-impedance measurement
system
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Table 1 Results of reproducibility test of bio-impedance
measurement system

xE
ks
Seg 1 2570 2523 2520 2519 2518 2517 2518 2516 2516 2516 2515 2518 0.024

A=x 13 23 33 43 53 63 73 83 93 103 HF

Seg 2 2740 2766 27770 2790 2771 2772 2774 2795 2776 2792 2774 2772 0.029
Seg 3 2600 2682 26779 26.78 26.77 26776 26.77 2675 2675 2675 2674 2677 0.024
Seg 4 1950 1965 1963 1962 1961 1960 1960 1959 1959 1958 1958 1961 0.023
Seg 5 2830 2819 2816 2815 2814 2813 2814 2812 2812 2812 2812 2814 0.023

Seg 6 2350 2399 2397 2385 2394 2393 2394 2392 2392 2392 2392 2394 0.024
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Table 2 Basic statistics based on subject’'s body information

ol A% AF ] 9P W
€9 €9 E#W WHR WHI BMI

A Cm Kg) (€Cm) (Cm) (Cm)
Mean 385 15655 557 746 933 537 080 048 231
o2 Max. 740 1730 719 9.0 1080 66,0 096 062 292
(N=84 Min. 100 1366 342 560 770 450 069 039 168
StDev. 176 7.2 8.0 7.9 5.8 4.6 006 006 31
Mean 373 1682 679 8L2 952 541 085 048 239
@A Max. 700 1834 1045 1060 1110 660 099 062 311
(N=74  Min. 9.0 1400 409 600 810 430 071 037 173
StDev. 184 8.3 12.6 9.6 6.5 4.9 0.06 005 3.3
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Table 3 Variables for analysis of abdominal impedance fat

distribution

e v @9

TS L4-5 Ate] @3 cm?
TF L4-5 2bo] ©Rde AWz A e’
IF L4-5 Aol @] yFApEzs 94 cm’
SF L4-5 A}o] thwie] HsiAgxs Wg om
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ol 409 A= A& AAn 6/ AIHE(Seg 1, 2,
3,4, 5 69 dFAH=E FA43Yrt BN A 67
Aadee dujda-Qldas 4 (29 2o s, &
d AadEY duda-Qldag di dHHs SE
B8k A

H2
XSeg(n) |ZSeg(n)| @)

KXseg(n) : Seg 1ol AAL2 A2 128 o] §5)
Zgeg(n) : Seg 08l AAV2=(me 134 64l 5
H:nz



fo oo N Im
> =

.
-

S
3
S,

vy
ar

i
Py
o
o

o
2

o Mk

0o r

A W Y Ao
b, oA

b, 283 RE

[
it
>~

o

S ‘ZSeg(n) + ZSeg(m) e ]

Xgeg(n): Seg ndl 4992 A82me 196 640 34

: Seg n9 Y FAMS 15E 6AFo] AF)

e

ZSeg(n)

425 Auua-olga Aol Apa

=
N AOIHEE %39

3

)

Table 4 Correlation between abdominal impedance and index

N=158
a5 Xoegl) Xseg@ Xoeg® XKo@ Xow®  Kse®
P
;;r;r; 1000 T74(xn)  BTI(sx)  85T(x»)  852(xe)  B76(xx)
Xoa)  goma
() 0.000 0.000 0.000 0.000 0.000
ge;r:; 70 1000 829(s)  S2T0e)  G08Ge)  782(sk)
Xse®  poug
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Pearson
s TGN @S0 L0000 BOBG) BTG
}(Seg(S) fogE
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Pearson
mae I S0 7990e) 1000 960(s)  806()
ao g
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Pearson
wans B S8 BB 9000 LOW 828(+%)
5  fosE
Xsee® cor) 0.000 0.000 0.000 0.000 0.000
Pearson
pane B0 TGO M0 86 8280 1.000
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Table 5 Configuration of abdominal impedance and index
2 e . Tﬂ-"r‘—
S o e o e Kseg1), Xeg(2), X Seg(3), X Segla)y X Seg(5), XSexi6) 671
XKseg(12),Xseg(13), X eg(14), Xsegi15), Xseg(16),
ol YA H -2 Segl (24), X Seg(25), X Seg(26) ) 1570
XSeg3), X Sea(36), X Seg (45 46), X Seg (56
Xseg(123), Xseg(124 (125), X Seg(126), XSeg(134),
AR} A3 Aol Y A X seg155) 136), X Seg (1451, X-Seg (146), X Seg 156}, 20
Ksegizan Xsestzm, X Xseg(2i5),Xscs2it,
Seg (25 45), X Seg(346), X 56 (456,
Xseg(1234), X Seg(1235), X Seg(1236), X Seg(1245)s
A A Eaocle ~ Kseg1246), X Seq(1256), XSea(1345), X Seq(1346), 57
K segt1256, K156 X sest2345), X Sextzs46)
X Seg(2356), X Seg(2456), X Seg (3456)
oA gHEalda Xseg(12345), X Seg(12346), X5eg (1245 1346), 591
Xseg23456)
F3 9o a-Qlg s Xseg123456) 174
A 6271
£ 625 Xy 2D =30 AZE SRHS
Table 6 Independent variables used to estimate abdominal

fat distribution
2y
TS(ERHH)
TFAE )
IF(AAEEA)
SF( 32 %3 &)

SgEus
Ksegzs), ANE, A%, vol, 44
Ksegt1e), Xseg2e, A%, A%, vhol, &
Xseg2), Xseaeh, Xsegtize, A%, ol
Xsegs6), AZ, A, AE

033 sl2lSHE 0|83 2H Aw 2N

Age B8 AdEdE oW 3 AW Bx 7 W
sol oi@ 24 AskE £ 7, 19 8% o 7 AW 27
ol MAg At AgIARAAe selEd AT A
a3 ddsds By A4 A4 2 x5 @Sy o
W, & AT JANYAHe] dAE £48 R AF
o] 06 oJdoz wmA % EASGL et e A
o dsAE A R AFo) 03 olstz ek
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Table 7 Results of estimation of abdominal fat distribution
using waist circumference
=Y O]
=y R R? sRAR A oRA
=i
TS(ERHA) 0955 0913 0912 3197.026
TR(A W 4) 0797 0635 0632 5660.115
PR A 0809 0654 0.652 3136.094
SF(3 34 % H) 0516 0.267 0.262 5219.441
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Fig. 8 Correlation between  waist
abdominal fat distribution

{a) Estimation of abdominal fat area using waist circumference

{b) Estimation of internal organ fat area using waist circumference

{c) Estimation of subcutaneous fat area using waist circurmference
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Table 8 Results of estimation of abdominal fat distribution
using abdominal impedance

#3%9
=y RORAR FARRAR SO0
TS(E5-EH) 0.935 0.874 0.87 3882.799
TR &) 0.904 0.817 0.809 4148115
FM %ZT oEH) 0.835 0.697 0.667 3067.713
SF(s) 82 k¥ &) 0.835 0.697 0.687 2072817
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Fig. 9 Correlation between abdominal impedance and

abdominal fat distribution
(a) Estimation of abdominal fat area using abdominal impedance
(b) Estimation of internal organ fat area using abdominal impedance
(c) Estimation of subcutaneous fat area using abdominal impedance
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