WX E O E R

)i S LN N= 1 1 Y 2 R 2y 5 R
TR FERAEERER ST 07 T A
201 6EENE

S0 R I ERE

(R4) kI

1. Fw3CEH
REHD CT 152 2 A 7= g I RTAT O K5 B & B O AT SE

2. WmXEE

BRHEED A& ITTHOERRFEIC L - T, HEEESEDORED L ER
FF—DOHEINCERT AEE~DY 27 ICE 5 &N T WA, EENO NS
EELEDO—2>ThVEELBAT-NIBEOEREIL TNF-a X7 V47
YU ) = U R EIRBEND VDO DLEEDT T AR A N A U ESUWL
MAEICEREZ KT T, mE~O BB 2RO 28 3 I UK H dubE fR
R EOAEIFEEREESBEEL, ZhOICRETHIED QOL EFDE DK
TOEFMOEN., SOICHT Y A7 2 ERESE S, FEAEOHESERED
BN LR HAEEEOMIRICE K H2END S, BOBEONIRIENZ
Bl 2 MEEZERRT 5 Z 81, EREERKO~N AT aE— g U EED
EREOGHBBICHENTE EE 25,

AR T X # CT & HAW-NlBiEmfE o B4R L, £h i
By E 2 THREREE 290X < O L & O TRIET D 72 OIS LB R IR LMD
A% L7,

BAIOMREHI, X # CT 12 L 2 NEgAsIGEE M 2 5 4 Tl U 7=, AAFZE Tl
197 4 OWERE 2 B TR L, & % ORI 7240 DR & REFREHR & OFEAf o
e EAT IR o7z, T ORER, B ZEL Y bR OEE A fEHE S D AN
2 20N, R B X 0 b REFEFHANE CIX R S NS NI EFEE N 2.4
BN LRIl

WOREFHL, WIEAENTEfE & (AR OV T Th 5, AL CTIEEE RO
PIBHE S TE S 2 B E U CRMld 2 28, AU EREN O NIBIEI &4 R~ D
ThHHVEND D,

AWFFE CTlE 1084 DA O NIBARIATAE & WIRIEH &4 ik Uz, & OFE R,
PlEAE I E R I XA I & & BVVEEEA H 0 . B - NIBEEREOEE - 5



B EDCHER SN Enghotz,

X5\, WIBIERFERRIE L HER NN 6 »y AROBFRELERL T, B
FRE DR 10% LA EONIBAERFEFE 2 B Lz N\OEFCEREL AT, 20
FES. NERAB AR OB AT L2 N DRSO E 1L, PIREEIHE 3 & Lhlk
LTHEEDLLRW, b LFMO TORWEDRICEEDL Z LR gnoT-, &5
I, 2D OWERE O~ OEFIZBET 5 & NIgIEmEIIE Li-& LT
HAERECHEFENEM L CTWAH L ER Sz, 2F 0 ARICNIBIERFEEE & 15
SN EREDNBEOFRBBZED - HICH & THEESORE 2152 O
ZHE LG E Ch oNBIEmE A B L2 WSS, IRE S THERERTE
TRWAETREMESE W, ZAUIBEICENT TRV NIZE 5T, EFX—a U %
KT %2 SE5BaNHEMTX 5,

Z ZCHERS BMI ((KE) #3425 2 & CHIEEHEEEZHEE TE 50
EIMEWVHEMNET D, IROIFFE T, BEFH<C BMI 7 & O& ERMEE SN
TEAERAEFE-C R TRER R & DORR ARt Lz, £ ORGSR, G & NIgERG & o
BIRIXFREOHEZRT bO0, B R TIE & OMBEOFNRIGF T, &
5 WNERIEERE & K TR EfMEZ & L b - miE & MR TEWv o
ENRGInoTz, 2L BMI & WNEgAEmfE - 2 TAEAmEFE C b RER O &
ot BEITHER & BMLICIZFERICEWHEBENDH D Z L bahole, ZOREER
X, BB ORER & FHEI9 2 EALIC X PNRA RS « BT RERS - BERS - RUIER 72 & D
I, HERZR EOBFNFEEL. TORE JITBAZENE L D KES IR
EETHRIFCH D, E-C, NIRAENG & THE 2 2 L& bW miE & EH O
FEBIME W L IFBRIC RS TAHEE RS,

F7-. WIBAEAmEFE & R TREAmEFE O FEIZOW T HRFT LI, 2o
WTHEAENKRENZ LR35 noT-, DFEVIEHZEH L& 2 AT, WigiE
BATEFE & R TRENE R OFEL DN EAC L > TRAL ZENMBAISHIZZ &1
F o T, EFEFHEICIINBIEN mEE SR EICHEET 52 2 SIIRAIEETH S 2
EMFERA &z, BRI, ARWFZE CIINIRAS I mfE & EREICEEE T 5121k X
B CT Z2HWD 2 ENEE LRSI,

ZZT XM CT #NigisfmEsE o 2 — /v RA X 2 — K& L CHENLT
HINE, WERBEOIRIEE T HXLERD 5, — RIS NIBIEIF EEIE O iR E &
X # CT AW TAHIBIEIEREMEIT 2 56, EHMICHE—EAIC X #Bfx
FRAT L CNIBERA mfE 2 fiftT L CEEME A T2 ER H 5, FRITB KRR E
EWREICG 2D L, RERIILSPENT2BERN DD, FTOMIZHBZEM
FHREEIC X D RESMEOFEN., NI EETMICBS W THEELELAT S
AREME D B D, AIFFTICEHWTIL, AT A AR - R 7 « V& B%L - 5T
MEBIZOWTENENDORERFHZMHAL, ZNbICkosTELDL= T
7 TR L RSB R B B S A R L 7=,

VIO AT A AL fRAT 572012, BRGNS T 2 BT 30 fEFI%



HHL., 2NN OEFIZR L CEBEENRELZAVT 0.5 mm 75 10 mm
EFTORTARARIZEHEEZTENTNONBEmEZFHEI L, &0k
%\ R AT A AEIL 2 mm ORRE G NIBIEEENEVE S 7eo7z, —F

B A XOBENOBEET 5L, 3mm LV H AT A AENEWVIGEIT
ﬁ@/4X#T£&&ot@ﬁﬁnfi%i<@ﬁﬁﬁﬁﬁf\W%%%ﬁﬂu
B D E#ERAT A ARIX3mm L&,

WA Fi 7 R 7« V2 BRI W TR LTz, BERJERI N6 T > Z A 10
JEFIZRH L L, TNENOEFICKT L CEGEFEEREEZ AN TRL Y 7 M
B G b N — N2 E C 10 EOBK A MmEFT Lz, TOME, /1 XX
BT A VEAEBRIZ L > TEL2< b 0D, b ONEAEEfEIZ—E D
ﬁﬁ%ﬁbto:hiJﬁ%%@ﬁ%m74w&%ﬁi/4f’ IRENDHD
DDZ DI FREEICITENEMTH Y . NI EREARIT I X EL RIF S
w:k%rﬁ5_®_kiw\mﬁ%%ﬁ@&ﬁ; iéﬁ%m74w5%ﬁ
KLY 7 MBS ERANC /A XEAEEL, BT X REAKET S Z
&ﬁ‘if“% HAREMEEZ R LT,

NG ORFEOMTT CIL, FilZe X MEBHBEEIC OV TRE Lz, AIF%E
“ikmkﬂé®%mﬁg%ﬁo77/%A%¢ﬁb FRE R SmAs /D
225mAs £ CELEETHTRE LTz, TOE, 45mAs £ CIIBREMNMEZ 512>
AUC ARG EAE G0 U 7= 23 E U AR ISR IR I B 1 I AR 72 - 7o, ARWFSE
IZBWT 45mAs 1%/ A4 AL-ULTlE 14HU HYTHBETHY. Zhikvd
ROVBETEREZ LIZGAIE NIBEREELZ &ML CLEY, L0 b
ZUVRE TR T2 ERBERWIX N D Z LB ESND, 2720, #ERE
T OEEBEEL T, JAALYVT1BHURBRE L T5Z2 L2310,
UEDAT A RE - BT ¢V Z B - REREOHELHET DL, AT
A AEIZ3mm ZRAWT, BER T o VX BEEIIEDL Y 7 MRBEEE AV, £
DET/ A X VL~LX 18HU ICHETH5HETHRNT S ENEE LV LG
7 7=,

T, DO A XL-ULA 13HU IS Y T DR E % (KK O 272 2 95 [ IR
T D720 DBETHITo T2,

ZOREF BMI #1812 L L THEZRET A ZLENARETHLZ L O ho T,

ARFFEILPBBAE THIEEREIZ OV T X R CT Z W2 ic ki 2 F R, &
%ﬁﬁ%ﬁ%%ﬁ#étb@?fm~%komf%%ﬁ@)% F I T AF g
VEIMTCTHREEIT- T2,

AT LB AT OESZTEA L, EFN2AEICHER L TWDH R
f@@ﬁ%?ﬁ%ﬁéhé:kﬂ&w&mm&gi%aao%%E%il&@
FEWNTES, OB T AEEMB O OIS R~V AT BT — g VA
Thon, BBFFETIE XA CT %ﬁﬁu\fcmﬂﬁzﬂaﬂﬁwﬁﬂ{mﬁﬁ;ﬁf&;é ZlL X
CT ORESELEREITIUTRBE N E S LB E D BT ORI L TK



BIZHIETE 5 Z &Nz,

2L BRI RXEEHE R L, ENEC I —F 7 AT 3 V&R
ELEZI)ZTHBAECOTatR2EA TS, ZNENOHRICIZIELNT-
FERNOERETEN TV DN, FEDORK G H 5, FrICHEBEGRZ ~T FIEZH
WIHFSE N S5 208, REBBRELT LR T O TIERVWARZ SICHER
BDUETHDHENZD, Fio. X CT EEEHWZE Cld. B okfEs A
WTE L TWRWELEETREThD, SRICHELERESIEIEIZIETD
NOEDFIZOWTHEERTHIENEEND,

AR RIRRARRIE 72\, Fe, R ZFEMT 212 H 72 D RO FEhad L O
T2 EIE LT EEEEICRE SN OMEZERICTROAR Z/T TN D,

BFFREITIICHTZ0, 12 SADTREZ W& F Lt RFERER
HIRFEREFIZZ I CD, 2 SADFXIZTHhWiEE £ Lz, ZOHEED
THESEHP L BT ET,



Abstract

The School of Graduate Studies,
The Open University of Japan

Name Masato Mizui

Study on accuracy control of visceral fat assessment using abdominal CT

screening examination

The rapid development of civilization in modern society resulted in a
decrease in physical momentum and an increase in intake energy. It
contributes to raising health risks. Accumulation of visceral fat exceeding an
adequate amount in the abdominal cavity secretes bad adipocytokines such
as TNF-a and angiotensinogen, which adversely affects blood vessels. The
damage received by the blood vessel is deeply involved with lifestyle diseases
such as myocardial infarction, cerebral infarction and diabetes, and the
quality of life (QOL) of those suffering from these diseases, the shortening of
the healthy life expectancy, and the risk of death increase. In addition, from
the viewpoint of social security of Japan, there is a great influence on the
financial resources of limited medical expenses. Solving the problem of
visceral fat accumulation in Japan is effective for improving the health

promotion of the whole people and reducing the burden of medical expenses.

In this study, I aimed to clarify the effectiveness of the visceral fat area
evaluation and decide to the suitable imaging condition and reduce radiation
dose using X-ray CT.

The first study, I compared visceral fat assessment between male and
female using X-ray CT. In this study, 197 subjects were compared between
male and female, and fat area and abdominal circumference were compared.

As a result, male has twice as many subjects who point out visceral fat
accumulation than female, but visceral fat accumulation disease which
cannot be found by female abdominal circumference measurement method is

2.4 times greater than male.



Next study, I examined the correlation between visceral fat area and
visceral fat volume. In this study, visceral fat area of umbilicus and visceral
fat volume of whole abdomen of the same subject were measured, and it was
investigated whether visceral fat area and visceral fat volume correlated or
not. I compared visceral fat area and visceral fat volume of 108 subjects. As a
result, it was found that the visceral fat area has a high correlation with the
visceral fat volume, and it does not affect whether gender difference / presence
/ absence of visceral fat accumulation / elderly or not.

The third study instructed a person diagnosed with visceral fat
accumulation disease a re-examination after 6 months. Among them, I
examined the abdominal circumference and body weight of those who had
decreased visceral fat area by 10% or more in the re-examination. As a result,
it was found that the abdominal circumference and body weight of a person
who succeeded in reducing the visceral fat area remained unchanged, or
remained at a very small reduction rate, as compared with the visceral fat

reduce rate.

In addition, when individual cases were observed, some subjects were
observed that body weight and abdominal circumference increased even if the
visceral fat area decreased. In other words, when subjects who were pointed
out visceral fat accumulation performed comparison only of abdominal
circumference or body weight transition as an observation index of the middle

course of visceral fat, subjects could not confirm visceral fat reduction.

The question arises as to whether visceral fat area can be estimated by
measuring abdominal circumference and BMI (body weight) in the course of
research. Therefore, in the next study, I examined the relationship between
obesity index such as abdominal circumference and BMI, visceral fat area and
subcutaneous fat area. As a result, the correlation between abdominal
circumference and visceral fat showed an appropriate correlation, but
correlation between abdominal circumference and subcutaneous fat was even
better. Moreover, it was found that the correlation between the visceral fat
area and the area obtained by adding the subcutaneous fat area was very
high. The same trend was found for BMI and visceral fat area / subcutaneous
fat area. In addition, abdominal circumference and BMI were found to have
very high correlation. From these results, there are individual differences in

the size of muscle and vertebra such as visceral fat, subcutaneous fat, lumbar



muscle, oblique abdominal muscle, etc. in the part measuring the abdominal
circumference of the umbilical cord height, but these influences are small.
The most affect tissues were visceral fat and subcutaneous fat. Therefore, it
is reasonable that the correlation between the total area of visceral fat and
subcutaneous fat and abdominal circumference is high. I also examined the
abundance ratio of visceral fat area and subcutaneous fat area. As a result, it
was found that the individual difference was large between the visceral fat
area and the subcutaneous fat area ratio.

I conclude that it was proved that it is impossible to estimate the visceral
fat area with high accuracy in the abdominal circumference measurement by
measuring the abdominal circumference. Finally, in this study it was
concluded that it is important to use X-ray CT to accurately evaluate the
visceral fat area.

The next aim is to guarantee photographing accuracy to establish X-ray CT
as a gold standard of visceral fat area evaluation. In general, subjects with
visceral fat accumulation disease evaluate the visceral fat area using X-ray
CT, visceral fat areas are analyzed periodically by expose with X-rays. There
is concern that particularly unnecessary radiation exposure may increase if

an excessively large radiation dose is given.

In addition, the setting of the imaging condition by the radiological
technologists may also influence the accuracy in visceral fat area evaluation.
I clarified the suitable conditions for the photographed slice thickness,
reconstruction filter function, and irradiation dose, adjusted the conflicts

caused by these, and clarified the final suitable photographing condition.

First, 30 cases were randomly extracted from clinical cases, and those
images were switched to a slice thickness of 0.5 to 10 mm using image
reconstruction method. Each visceral fat area was then measured. As a result,
when the slice thickness was 2 mm, the visceral fat area was the largest. On
the other hand, from the viewpoint of image noise, if the slice thickness is 3
mm or more, the image noise does not change. In this study, in consideration
of the influence of radiation exposure, I concluded that suitable slice thickness

in abdominal CT is 3 mm for evaluation of visceral fat area.

Next, I examined suitable reconstruction filter function. I extracted 10



random cases from clinical subjects and examined 10 functions from the
softest function to the hardest function using image reconstruction method
for each case. As a result, although the noise varies depending on the
reconstruction filter function, the visceral fat area showed a same area size.
This indicates that the abdominal reconstruction filter function affects noise,
but its effect is minor and it does not affect visceral fat area analysis. From
this fact, the reconstruction filter function of visceral fat area evaluation
showed the possibility to reduce noise by using the softest function and
reducing the amount of X-ray radiation dose to be irradiated.

In considering the guarantee of the photographing accuracy, the suitable
amount of X-ray irradiation was examined. In this study, a phantom with an
absorbed dose equivalent to that of the human body was created and
photographed at an irradiation dose of 5 mAs to 225 mAs. As a result, the
visceral fat area increased as the dose increased to 45 mAs, but thereafter the
visceral fat area did not change. In this study, 45 mAs is a dose equivalent to
14 HU at the noise level, I assumed that visceral fat area is underestimated
when photographing with less dose than this, unnecessary exposure will
increase if the dose is higher. However, considering fluctuation for each
subject, it 1s better to set the noise level to about 13 HU.

I concluded that the slice thickness - reconstruction filter function
radiation dose test is integrated, the slice thickness is 3 mm, the
reconstruction filter function uses the softest function, the noise level becomes
13 HU corresponding to the dose. I also conducted a study to irradiate subjects
with different body size doses corresponding to this noise level of 13 HU. As a
result, I also found that it is possible to adjust the dose using BMI as an
indicator.

The purpose of this study is to investigate the usefulness of X-ray CT
examination, photographing accuracy control.

This research not only focuses on medical aspects but also utilizes the
viewpoint of radiological technologist and includes technical elements that
are not set in other research. A healthy life expectancy is a human hope, but
optimal health promotion is essential to continuously and properly manage
medical funds in our country. In this study, I confirmed that it is a highly
accurate method to evaluate the visceral fat area that using X-ray CT. In

addition, standardization of the imaging conditions of X-ray CT has been



devised with high precision, and it was found that it is possible to inspect with
much lower radiation dose than usual.
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