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Development of the Automated Diagnosis System CT Screening for Visceral Obesity
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Japan Obesity Society defines the obesity as being over 25 in BMI (body mass index). It also defines the obesity as having over
85cm of circumference at waist for male and 90cm for female, and in addition, having over 100cm of area of visceral fat mea-
sured by abdominal CT examination. The area of visceral fat can be calculated out manually using an analyzer from images
obtained through abdominal CT examination. However, in case bulky data processing is required as in comprehensive health
checkup, a limit exists in manual processing and this point had been a bottleneck against introduction of visceral fat examination
using CT. Since we have developed this time a software program which allows automated analysis of CT image as well as
measurement of area of visceral fat, area of subcutaneous fat and abdominal circumference, the outline of the system and our expe-
riences in the early stage are reported below.

[ Key Words: Metabolic Syndrome, Visceral Obesity, Computed Tomography (CT), Computer Aided Detection (CAD) ]

100000

cooobbooobooobooooooboobooooog 000000000000 sSooooouoooooooo
obooboobooobobooooooooooooooooo 00200000000°0
gobooooobooobobooobooooobooooooo cooobhooobooooooocoboooboOonoaona
coocooobooooobooooboobOoboOoooboooooon goboobooooobooooboobooooobooboooooo
uobooooocoooooooobooooboooooooo gbooobooobooobooboooboooooboboooo
uooooooboooobooobOoobooooooobooooo 000000000000000000»®00000000
O BMlI(body mass index)0 250 0 00000000000 O00ooooBMIDOOOOOOOOOOOOOOODOOO

OMEDIXVOL410 15



pgododddobboobobobobbbbboboooa
goooBMIDOOODOUOOUODOOOOOOOUOOOO
gooobobobooobooboooooooooog
g ooouobboooboooog
ooooooopoooo

OU0U0o0oooooXgooooooooooooo
O0000000000000000000¢ Metabolic syn-
drome” 0000000000 OOOOOOOOOOOOO
000 O 0Metabolic syndrome(MS)OD OO OO0 QO QOOoQoO
Oo0oDooodHDLOOODOOOOO0OO0O0O0O0OO000O000
Oo0o0oooopoooooooOooooooooooo
O0oo00o0oU0ooDOpoUOooOoOoUoDooDoOooDoOo
000000000000000000000 00 National
Cholesterol Education Program (NCEP) 0 Adult Treat-
ment Panel Il (ATP INOOOO0O0OMSOOOOOOOO
0000000odooo00oo000ooodoooHDL
0000000000000 00000000000300
ooooMSOOOOO*000000000000O000
0000000000000 0000000CTOOOOO
0000000000000 0000000 100cm*00
(BMI2SOO0OO0O00OO) 000000 O0ODOOOOOOO
0o0o0o0oooooooooooo®d

Oo00oo0ooooooMSOOOooooooooooo
oo0ooooooUoooooooMSoooooooooo
goooooooboboobooobobboboooooooa
000oo0ooo0oooooooooooooocTO
oooooooooooOoOooOooOooooUooooDooo
oo cCToOOoO00O0O000OO00000ooooOoog
ooooooOooooU0oooOooOoOooOoooooUooO
goo

goooo20009%0CcooocCTooooooooon
00000o0oooooooooooooooooooo
O00000oooo00oUoooooooooooooo
oo0o00ooOoOoOooOoUoooooooooooooon
0o0oo0ooooUopoooUOooUoOoOoOoOoOoooooo
0o0o0oooopooooooOoUoUoooooooo
0000oooopooooooOooooooooooo
pgododdboboboobboobuoobbooobobooga
ooooooooogo

200000000000 00000

CTOoOUoOoOO0OO0U0oDOoOoO0O0oUOoOOoooooOoooon
goobooobbuoobobooobboobobooon
goooo

21 ODOo0oO0oobDooooon
gboobobooogoobbooooobobooooooon
0oo000OOoooobDogo4o0HUOOOOOoOoooooo
0000000000000 000001@®UOoO0oo0n
OMboooooooooooooon
0000000000000000ooooo@ooon

16 0O MEDIXVOL.410

gbooooooobooood

waist's Circumference=A x E [distx? disty? ...... 1)

distx=0 Edgex[i]O0 Edgex[iO 1]O A : pixelsize
disty=0 Edgex[i]O Edgey[iO 1]O 0F i0 360

O000OEBdgexODOOOOOXOOOEdgeyDOOQooQy
goooooooooooooooooooooooooog
00000OO0ODOoAdlDDOO0OOOoDOOoOoOoo

0100000000
(0000((MDOO0D000000 000(@)00O(@)

22 DO0OODOODOO
gogoboboobooobooobobooboooooon
godbogoobooboobbooobbbbbbooooo
ggobooboobbooobboobboobobooo
ggobooobbooobooobboobobooon
s0HUOO00000020000000000000000
02000000000000000000000000
O0000000000000000000000000 1(b)
0000000 20000000000000000003
goobooboobbooon

23 0O0OO0OOOODOO

coboboooooooooOooOooboOoooOoooDooo
0oo00o00o0ooooo300o0o000oooooooon
oobooooooboooboooooobooobooboobooooo
gooooooobooooboooooboooooboooooo
ooooooo

0200000(0)0000
oooooooo@)

030000000(@0)



24 O0O0OODODO
gbboooobobbooboobbooboboboon
gogbobobooboooboobboooobbooooobo
goopooboooobooboboobobbobboobobooo
00oo00ooooo0o2000000000000000
0000040 00000000004000000000
gbobobobooobobobobooboooboboboo

25 O0OO0ODOOODOOO

gboboooogobooboooboboooboboboo
0000000000000 00000000000s%00
ggoboooooo

0400000000M@DO0O) OS0000O0O0ODODOW@)
opoooooooa@)

26 OOODOOO
O6@OOC0O0O0O0OMUOOOODOOODOOOOOoOn
gd

(2)

060000000
(0000((MDO0000(@)D00000o0@)

06b)0000000D00000D0O000DO0DOO00O00
oooooooo

000000 (Pentium©t4-M 2.0GHz[512MB DDR-SDRAM)
000l00000000000000115000000

gpoobgobooboobocrtooooobogon
ggoon
—00oooooooboogooobog —

31 00
2003090 5002004020270 00060000000
00000000000000000CTODOO0O00000

000000000 CToOoO0O0O0O0oonooooog
000D000000022380(001,8800000 035800
0000546090 710)0000000
07@000000000000000(MGY()OOO00Dn
000000000000000000000

oooo
mEO000

50

AL L

20000 50 100 150 200 250 2500 O [km?)

(cm?) |
150 | 150 !

100 100
50 { 50
0 0

0oo ooo 0oo ooo
0 ;PO0.001
(b) ()

(cm2)

070000000
(000000000000
(h)0ODOO0ODODO0O0OO0O00O(c)D0000O0ononoooon

32 00O

oocCTODODOO0OOO0ODDOOCTOOODODOOOO
goOooooooOnormalscanOO1slice0000O000OCT
000 Radix“?turbo (00 O00O0)I000OOODO 120kvVO
150mA0D0 0000 2mmO00000000000000OO
0000000D00000000000000000000
00000 ((fatPointer’)0 0 0000000000000
lo0cm’0 00000000000 DO0000ODDDOO
00000000 0000000O00OD0ODODO0OO00000
ooo

33 0000
(HhooooooOoOoooOooooBMIODODOOOOOO
00000o0o0oooooooOooooooHDbL-O
O0000000LDL-00000000HbALCOOOOO
goooboooooon
@QROCOODODODOUOOODOOOOOOOOOOOOO
oood
(oooooooBMIDO40000000000(0 1)0
gbooooobooooboooooobooon

gi1000o00o0oosMI0DOnogonO

000b00b00100cm? | 100cm:O0000000

18.50 BMIO 25 group 1 group 2

250 BMIO 30 group 3 group 4

OMEDIXVOL.41O0 17



4)

0000000000000 00000o0oOo@OD
goooooooboobooobooobooooooo
A0000000000O0UOO0OOoDOODoOoODOoO
0000000000 ooooon)

O0@Qo@EoooDo0D0o0oooooooooooo
oooooo

3.4
(1)

ug

0800000000 0O0UDOO0DOoOoOOoDonn(HDL-
cooooo)Dooooooooooooooooon
O0OooHDL-CO044000000000000000O0
00000000000oo0ooooooooooooon?2
000o00oooooooooooooMooooooo
(S)aVv/soVvi(v+S)OVIT(O O)OVIT’*DO0O0OBMIOO
gooboooooboobooobooobooooon
o0000oooo0ooooooooooooooBMI
goobooooboobooobbooobbuooda

0 mg/dICO
80

O mg/dICO
200

y =0.5848x + 66.4280
r=0:351 °,

y =00.1278x + 73.9740
. r=00.440

o
0 100 200

30000 cm2(1] 0 100 200 3000 cm?1J

y = 0.0468x + 71.7900

. =029
% N .
‘"

0' 0

y=0.0552x + 116.130 U ’"’“’;29033
r=0.251
2.0

0 100 200 3000 cm2(] 0 100 200 3000 cm?[0]

y=0.007x + 4.9850
r=0.303

0 mg/dicT) y=0.089x + 97.0430
300

r=0.286

)
=}
S

pooooo
R
S

o

0 100 200
oooooog

3000 cm2(]

0

100 200
oooooog

3000 cm?(10

gsbooooooo@uoooodbL-cOOoOooooooonon

18

O)yYooooooobooo

D90 D000000O000D0O00OD0DOD0O0DOODO

004000002000000000000000ROC
0000000 00o0O0O00O0oDOOOOoOoOoROCOODO
000000000 YoudenDOOOOOOOOOOODO
0o3000020000000000000O0000O0
goooo9rsem 000000000000 OOOO
100cm’0 0000000000000

1.0

0.8

0.6H

ooo

0.44

Az=0.7090
0.26

0.0 T T T T
0.00 0.20 0.40 o0.60 0.80 1.00
10000

gob 20000000000000D00ROCDOO

g30RroCUObObOOooOoooooooz20b000o000nD0g

1od

oo 000 |OchoO0O|OTGODO |OHDLOD|OO0OO0O 00000
AZ[ 0612 | 0549 | 0733 | 0711 | 0655 | 0.655
0ooooo| 935 88.5 94.5 1285 | 1175 | 1135
2000000
AZQO 0.709
oooooo 97.5

(3o 1ogoooooooooo@dMI1ssno2500)00

ooooOoloem 0000000 @OUOO)DOOOO
OoOooooooloem DI 00UOoOo@OUO)Oon
0000000000000000o0o0oono(HDL-
cCoO0O0O0)0DO0OO00O0000000DO00o00n
loocm’0 0000000000 10(BMI25003000)
0doooOoOooloem 0000000 (@O0)0o00

|20 000000000000 0DO0D0O00DO0o0bOobODbOOoO

\Y% S V/S vivoso V/T V/T2 oo BMI oooo

SBP 0.251 0.122 0.148 0.175 0.256 0.259 0.209 0.243 0.141
DBP 0.299 0.112 0.178 0.230 0.295 0.287 0.249 0.259 0.096
TG 0.351 0.097 0.252 0.271 0.347 0.339 0.263 0.232 0.122
HDL-C 0 0.440 0oira 00.255 0 0.336 0 0.409 0o.417 0 0.389 00357 00147
LDL-C 0.186 0.194 0.017 0.039 0.195 0.203 0.191 0.205 0.237
TC 0.112 0.131 0.008 0.007 0.124 0.135 0.094 0.102 0.204
FBS 0.286 0.090 0.224 0.223 0.288 0.286 0.220 0.214 0.092
HbAlc 0.213 0.089 0.167 0.144 0.223 0.232 0.155 0.174 0.120
UA 0.303 0.047 0.240 0.294 0.286 0.264 0.264 0.218 0.000

vOOoOoOoOOOem?d SOOO000000cm20 TOOOOcmO

0O MEDIX VOL.4100



goooooooooooooobooobooboboooog
O000loooOoooooicoemOoOoOoooo(@o
00)000000000000000ecmO000n0no
00000000ooOooooooo@MbL-cCooon)
goooo

0 mmHg[] 00 0 mmHg] [nlin}

130 oo 80 (RS
O m]
] O
0 120 0
] O
O g
B o groupl group2 group3 group4 0 groupl group2 group3 group4
0o
idi ] DD+
0 m/dicD oom
115 oo ; 5.5 og +
] T T [
O <2
] 105 ')3 5
0 [9)
il
B e 45 e e e
groupl group2 group3 group4 groupl group2 group3 group4
0 mg/dic 00 O mgldic 00
o 220 + ings] I
D —
0 210 ! g %o
al 0
0 200 0 100
: s
190 )
] groupl group2 group3 group4 groupl group2 group3 group4
O

0o
0 mg/ditD) 0g + 0o 0 mg/dirT) nin]
70 O 4;' 140 a0 |

. [ |
60 i o 130 t
2 N
" 1T "2
40 110 CE—— .
groupl group2 group3 group4 groupl group2 group3 group4
0 mg/diCD) 00
6.5
T
DD” DDI group1;000
o 8 ] group2; 0000 20 O p0do.0010
O group3: 0000 70 *00010 p00.0SD
] 55 0 tukey[T
l_l group4 ;000
5

groupl group2 group3 group4

gioooooooboooboooboboobooo40boobOon
gooooo

4AD0000000000000O0000O000O0040
oo0o0ooolloooooUoooooooooooo
000000000000 O00UOo0oo2000000

100% — — —

80% [— —

] m4000
60% |— ] - |D3000
| - 2000
40% — —— m1000
L @mooom

20% — —

0%
[0100cm? ~ 100cm?00  150cm?00  200cm20 0

VO 150cm? VO 200cm?
voooooooo

0110000000000000(@)

googoboboboobboobobobobooboon
gobgooboobbobobboboobobobob
O00oOooooooooo(@ 12)o

0
0 cme 0o ‘
1

[
o o
o O
=]
)
—

Mmoomooooo
=
(41 o
o o o

0 1 2 3 4
0 pO 0.0010
oooooo O tukey [T

0i1200000000000000O00O0O00O

4000

wHOOODOOBMI30OOOOOOOOOOOOOOO
gooodooooobooooooooooooooooo
oo0oooooooooooooooooBMI2SO OO
doodooooooooooooooooBMIZ2SO OO
goboooooobooobooboobooooooboooooao
Ogooooobooooboboooooooobooooooao
Joooooooooooooooooooo

oooooBMIDOOOOOO0ODOOOO0OOO0O0O0000
0odooooopooooooUoooooooooood
000000o0oodoUooodoUuoOoouooooo
goooooooooooa

0000000223800 00000000000000
doo0o0o0oo0oooooooUooUooooooooooo
doo0oooodoooUuooooooooooooooo
J00d0o0oooooUooUooUoooooooooooo
gooOooooBMIDOODOOO0OOOO0OODOOOODOOO
ooo0oooooooooBMIDODOOOOOOOOOO
goobooouooobobuoboboooooobooooa
goooboobooobuooobooboobooooooa
ooooooooooooBMIDOOOODOOOOOOO
gooboobooobooooboooooooobooooao
oo0oooooooBMIDOOOO0OOO0OO0O0OOOOOO
ooog

Oo0ooooooBMIDOOOO0ODOOOO0OOO0OO0OO0OO
goodoooooooooobooboooobooobooooo
0000000000000 oo0ooooooooooo
O0O00oooobDooodHDL-COODOOOODbOoOOonoon
00o00o00ooooooooooooooooooonATP
IO O 0O Metabolic syndrome(MS) DO OO O O0Q0OQOQO
oooooooOoOOooMSOOoOoOoOoooOoooooooo
00d0ooooooooooooOoOoOoooooooo?
00o000000oo0o0cOoOoooogoooiiooempoooon
oo0oDo0oooOooooDgooooglcoemOoononoooon

O MEDIXVOL.410 19



0ooO0o0o0o0ooUooooooooBMIOOOOOOOOO
ooooooooobooobooobobooooooooooo
oooobooooboooooobooooooobooooo
ooooooooboooooooooboboooooooooon
oobooooboooooooobooobooboooooooo
O@HDL-COOO0)D0O0OoooooooooBMI2SO0O
oobooobooooooboooboboobooobooboooo
ooooooooooooooBMIDOOOOOOOOOO
oooobOOooooooobooOoooOooOooooooooo
oboooboboooooooobooboooobooOooooo
oobooooooboooooboooooboooooboooo
oboobobooboooooooooobooobboooooo
O000D0ooooBMIDOOOOOOOOOOOOO
000000000o0UooooouoooBMI2SO0 OO
uboooooobooobOoOooobOoocOooooooooo
uoboooooobOOoooOoooooboooobooOoooo
O0oooBMIDODOOOOOOOOOOOOOO 100cm?
oooobooooboooooboooooooboooooon
00000000000CTOO0000000000000
ooooooooooboboobboooboooooobooooo
ooooooooobooooooobooobooobooobooo
oboooobooooocobooooao
CTOOOOoUOoOO0OoUOoOoUOoooOooooooOon
0000000 looooooooooooooooooo
CTOoOO0OOUO0oOoOoooOoOo0oOOoOoUoOoOooooo
oooooCTooooOooooooooooooocCTO
goodobodoooboooooboooobooooaooo
O000o0oO0ooooOooooocCToooOooooooo
goobooooboboodooooooboooboooooooo
gobooooooboooooooobobooooooooo
oooocoooooooooooobooooocbooooo
0ooo0oooooooocCTooOoOoOoOO0oOooOooOo
oobooooobooooooboooooboobocoooooo
goooooooboooOoboboobooooooooooo
goobOooooobooboooobObOooooooooooo
000000oooCTo0o0oO00oo0oooOoooon
ooooooboooobooooooboooobooooooo
000000 CTOOD0O0O0O000D00D0O00O00OoO
gboboobooooocoboobooooooo

50000

O00000o0ooooooooooo@eMIoDooooo
O0000o0oooOo)yooooocCTooooooooono
oooooooooboooboooooooooooooo
gobodoooooboooooboooboooooooonooo
gobooooobooooooooooooooobooooo
oobooooooobooooooobooobooooon

01 PentiumO0000000000000000O000O0OO
0 2 Radix(0O 3 fatPointer0 0 000 000000000000O0O0O

20 O MEDIX VOL.41Q

goog

1) 00000,00:0000000000000 BMIO
goooododbobooooubooboooooo
ooooo.ooooooooao, 36:99-107, 2002.

2) Fujimoto WY, et al : Susceptibility to development of
central adiposity among populations. Obes Res 3(Suppl 2)
: 179S-186S, 1995.

3) Yano K, et al : A comparison of the 12-year mortality
and predictive factors of coronary heart disease among
Japanese men in Japan and Hawaii. Am J Epidemiol
127 : 476-487, 1998.

4) Expert Panel on Detection, Evaluation, and Treat-
ment of High Blood Cholesterol in Adults : Executive
Summary of The Third Report of The National Choles-
terol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel II).
JAMA 285 : 2486-2497, 2001.

5) Grundy SM, et al : Definition of metabolic syndrome :
report of the National Heart, Lung, and Blood Insti-
tute/American Heart Association conference on scien-
tific issues related to definition. Circulation 109 : 433-
438, 2004.

6) The Examination Committee of Criteria for 'Obesity
Disease' in Japan, Japan Society for the Study of Obe-
sity : New criteria for 'obesity disease' in Japan. Circ J
66 : 987-992, 2002.

7) Nakamura T, et al : Contribution of visceral fat accu-
mulation to the development of coronary artery dis-
ease in non-obese men. Atherosclerosis 107 : 239-246,
1994,

8) Fujioka S, et al : Contribution of intra-abdominal fat
accumulation to the impairment of glucose and lipid
metabolism in human obesity. Metabolism 36 : 54-59,
1987.

9) Kobayashi H, et al : Visceral fat accumulation con-
tributes to insulin resistance, small-sized low-density
lipoprotein and progression of coronary artery disease
in middle-aged non-obese Japanese men. Jpn Circ J 65
:193-199, 2001.

10) 0000,00:00000000000000000
0O0oOoooooooo :0oboooooooooon
Oo000ooooooooooooooo.ooooono
0,67 :1240-1251, 1991.

11) Yoshizumi T, et al : Abdominal fat : standardized tech-
nique for measurement at CT. Radiology 211 : 283-286,
1999.



