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Figure 1 {A} Anatomy of the extrapyramidal system in the raramedian sagittal view. Localisation of oxia} planes of magnetic resonance imoging
projection, which are selectively lost in Parkinson's disease, are illustrated by 'oloclﬁ

{MRI) is indicated by doted squares. Fibres of nigrenessiriola

ines

originaling from the substantia nigra. {8-D} Fractional onisetropy (FA) images derived from diffusion tensor images are shown with 11 small RCls ond
three large ROls, {E] FA in the extrapyromidal system of hormal subjects and patients. Mean FA volues of the ROIs in each group are indicoted by
figures with errar bars. FA values in patients with progressive supranudleor palsy F’SP] were decrecsed in most of the ROIs except for those in the

neostriatum. Porkinsonian potients showed a significont decrease in the FA values o

the subtholamic RO! beside the substantia nigra. The FA volues in

the white matter of the premator corfices were significantly smaller than controls in PSP and patients with advanced Parkinson’s disease. I, II, I, and IV
in fig 1E indicate the four regions in the extropyramidal system. AC, anterior commissure; CN, cavdate nucleus; Cir, age maiched normal subjects as
conirol; GP, globus pallidus; GPe, globus poflidus lateral segment; GPi, globus pallidus medial segment; PC, pasterior commissure; PD12, Parkinson's
disease in the early stage graup; PD345, Parkinson's disease in the odvcncef stage group; PSP, progressive supranuclear palsy; RO, region of
interest; SN, substartia nigra; SNe, substantia nigra pars compacta; SNr, substantia nigro pars reticulate; STN, subthalamic nudleus; VL, nucleus

ventralis lateralis.

monitored the FA af the cerebrospinal fluid {CSF) in the
lateral ventricles and the splenium of the corpus callosum.
Il the FAs in (hese structures were lower than the mean
value minus 2 5D of the nonnal subjects, we rejected the
patient.

Analyses

Stalisticat evatualions were done using SPSS 11.0J for
windows. Multiple comparisons of the 38 hemispheres in
three patient groups with 16 hemispheres of nommal subjects

www_fAnp.com

as a control were undertaken using Dunnctt’'s method.
Statistical significance was delined by a probability {p) value
of 0.05.

RESULTS

The mean FA values of all the RO1s are llustrated in fig 1E.

The FAs of either the CSF or the corpus callosum were very

consisient among the subjects, and no patient was rejected.
In patients with PSP, a significant decrease in the FA

values was observed in most of the subthalamic structures
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Table 1 Fractional anisctropy {FA) values in five circuits of the extrapyramidal system

Circuils {corresponding regions}

P [V} First {i-+11)} Secaond {ll) Third (111411} fourth [l+i+Hl+v)
Control 0.450 0.483 0.583 0.542 0.542
PD12 0.451 0.445 0.548 0.493* 0.434*
pD345 0.454 0.456 0.537 0.495* 0.493*
PSP 0.403* 0.4i0* 0.449* 0.439* 0.432%

regordless of dlinical stoge.
*p<0.05, “*p<0.01.

Parkinsanian petients shawed a significant decrease in FA values in the third and fourth accessery circuits,

P, principal circuit; PD12, Parkinson's disease in the early stage group; PR3435, Porkinson's disease in the
advanced stoge group; PSP, progressive supranuclear palsy.

{—16.2% to 34.1%, p<0.01 to 0.05). Subcorrical white matter
also showed a severe decrease (—39.6%, p<0.01).

In paticnts with Parkinson’s discase, FA valuecs were
significantly low in RQOIs beside the substantia nigra
{=10.5% 10 16.0%, p<0.05). In advanced cases, subcortical
white matter also showed low FA values compared with the
normal subjects (—16.9%, p<0.05). FA values in the puta-
men, caudate nuclens, or nucleus ventralis lateralis showed
no significant decrease in either subgroup.

For further evaluation, we compared the regional change
of FA in the extrapyramidal system, The system consisted of
one principal striatal circuil and four accessory circuits.”
Accordingly, we divided the 15 ROIs into lour regions
(regions I to IV in fig 1E}, and assigned the regions to each
newral circuit: the principal circuit (P)—which included the
cortex, neostriatum, globus pallidus, and thalamus—could be
cstimated by ROTs in regions 11, ITT, and IV. In (he same way,
the first accessory circuil corresponded to regions 11 and 113,
the second to region I1, the third 1o regions I, I1, and 111, and
the fourth 1o all regions. We then compared the FA values of
cach circuit in normal subjects with those in the paticnt
groups.

In patients with PSP, the FA valucs were low in all of the
circuits compared with the normal subjecis. The paticnts
with Parkinson's disease showed a significant decrease in the
third and fourth circuits where the nigrostriatal projections
were involved, regardless of the clinical stage of the discasce
{table 1}.

DISCUSSION

Duguid ef af reported that paticnts with Parkinson’s discase
showed histological changes in the midbrain which can be
detected as subtle alierations around the substaniia nigra on
conventional MRL" These differences were oo small 1o help
in distinguishing parkinsonian brains from normal brains
with high reproducibility in routine clinical imaging.

After the study, advanced MR techniques such as diffusion
weighted imaging and magnetisation transfer ratios were
made available Tor clinical use and immediately applied to
the diagnosis of Parkinson's disease. However, these atrempts
failed 1o distinguish patients with Parkinson's discasc from
normal subjects.™ *

The FA value is derived from eigenvalues of the diffusion
lensor and is a measure of the anisotropy of water diffusion
in tissue: completely isotropic dJiffusion has an FA of 0,
whereas in highly anisotropic diffusion the FA approaches 1.
As far as white matter is concerned, uniformity of fibre
bundles is the primary issue: pyramidal tract or corpus
callosum, in which vnidirectional fibres are dominant, will
show high FA values. A decrease in FA of these siructures
may be a sensitive indicator of histulogical abnormality, even
if the values were derived from normal-appeating tlissuc by
conventional MRL* Al present, the pathological inierpreta-
ton of FA reduction in the brain with neurndegenerative
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discasc is not clear, and may be caused by—among other
things—neuronal loss, gliosis, or demyelination,™

According to this assumpfion, PSP patients were expected
to show a robust decrease of FA in these structures, and the
change was conlivmed in this study. Similarly, patients with
Parkinson's disease may show low FA wvalues in the
nigrostriatal projection, which is selectively lost in the
disease, As the projections consist of so few and such small
dopaminergic neurones that they cannot be allocated by
conventional MRI or other techniques such as fibre track-
ing,* ** we spread arrays of ROIs in subthalamic swruclures,
where the major part of the nigrostrizial projections would be
involved."

The present results showed that the parkinsonian patients
had deercased Fa values in two striatal circuits in which
dopaminergic nearones are included, and the change was
cvident regardless of clinical stage. Assuming that the lass of
FA parallcls the neurenal change in the brain, our results
corresponded well to the view that 70-80% of dopaminergic
neurones are lost before the onset of Parkinson's disease.

Our study also revealed a significant change in subcortical
white matter among the cases of advanced Parkinson's
disease. This might be a result of extended damage in the
extrapyramidal system including the corticostriatal and
thalamocortical projeciions.

Finally, the results suggested that FA values potendally
contribute 1o the diagnosis of neurodegencrative disorders
with normal appearing brain by conventionai MRI, although
the correlation between the FA and pathological changes in
brain tissue is a primary concemn for further studies.
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Tablel ~—2 54 VIZBIT5LHRE 184 2O HENKEE
EwRes4) HRM40%) ZEMERR(11948)
F 5 () 43.8+13.8 455+ 14.2 525+13.0 *#
BM1(kg/m?) 266+5.6 272+6.7 25.3+39
1RREHREE (%) 30,5+15.1 27.1+134 25.1+10.3
WHR 0.92 % 0.06 0.95= 0.07 0.95+0.05
ETHRFER (cm®) 218411429 2159 154.5 165.7=83.9
PIRERRIS A, (cm®) 15461551 155.7 £ 54.1 161.9+61.9
Vo.max (mi/kg/min)  31.2%6.5 31.0=8.1 321254
FPG{mg/d!) 96096 104.2+10.1 149.6+334 *#
FIRI (pU/ml) 8.0%55 10.0+183 76+65
HOMA-IR 19+1.2 28+4.6 20+29
AUCPG (uU/mi/h)  360.6+453 4523443  T245+1469 *¥
AUCIRI(4U/mi/h)  1563+1243 18331917 93.7+73.0 *#
HbAic(25) 4904 5.4+0.6 70215 ¥
TC{mg/dl) 2174+ 62.2 2125+ 41.9 219.1+32.1
HDL-c(mg/di) 496+15.1 48.2+113 487131
TG (mg/dl) 1604+ 128.8  1354+710 154.3+92.2

Mean +SD, BMI; body mass index, WHR; v TR bk v 7, Vo.max ;
BAREENRR, FPG; 2HE ML, FIR M4 ¥ 2 ViRE,

HOMA-IR ; 4 ¥ AV »8iH A o 7 ~, AUCPG ; area under the curve for
plasma glucose, AUCIRI; area under the curve for insulin, TC Bl R
F0—J, HDL-;HDL I L AFa—i, TG p#iEls, * ) p<0.05(vs

EFED, #,;p<0.05 (vs HFED)

WA R DA KRR L oy — At L
FNYRAFLATHS., FYAFLICBWTE, JEEY
MBI ABERBO—K - ZRFHICESTRD, 8§
FET2DM REREZHHRELTVES, 611, B
EETHOESD X UEE = F.b & L RTH%
TarsAERABL, ThEERPFTHE. LD
—EMOBRRE, TTICERE LTHRELTETWAE"Y
A, TS5 LAeF0OABH AT TWiado
7=

FTTEWETIE, 2707528000 1ER
WL 184 B HRIC, BEHZOEREFVELTD
R7O YT AOFEFE & B L - lREASIC
DWT ORI R 1T - 72,

HiEEWR

1. ¥R (Table 1)

WHRE, BELETHMERRELERER, £0
BEARERERRTHOTHgHOEANTRE
(OGTIT) 2SR A - RBETEHIHRESR
HTHh, BRFEMEICL > T—EREOREYE
ETTORT - EBHFEIERTH S LHF S hF
Th5,

FEMIE, 19944 X 1 2001 £ FTOSERMIIAT D
FIAIBME I ENEB LA 184% (T2DM 119
&, EREIA0R, EHE 2541999 £ AFERRE
L) Tholz. RBERB2 20 b 194,
7073 AEMBATIIASHER (19824) 12X
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FIF T A5,

2. RETHZEIRVILOBE (Fig 1)
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Table 2 ZHHE 184 £I2H1F3 1EHDT T Y 7 LEHIKA, FkE~nBER
iR (HyaRRS—L R, BEUR-ATA LB B BERE

He B Rk BEE
AB(A) 83(45%) 101 (55%)
k¥ (A) 83 11
B bk (A 0 87
AERCAD 0 3
/(A 54/29 66/35
E# () 50.7+15.1 491126
BMI (kg/m®) 259254 25.0%4.5
RN (%) 265+11.9 259+117
WHR 0.95+0.05 0.95+0.06
2 T HaRb AR (cm®) 187.8%127.5 179.9+98.9
AEIELLE S (em?) 161.6+63.6 157.6+54.9
Vo,max (mi/kg/min) 317+6.2 31.8263
FPG{mg/dl) 134.9+356 130.4 36.5
FIRI(zt)/mi) 84%7.4 84+12.1
HOMA-IR 28+30 26+34
AUCPG (yU/mi /) £30.8+178.3 604.2%203.6
AUCIRI (zU/ml /h) 12131374 121.7£106.9
HbAic(%) 64%15 63*15
TC (mg/dl) 219.1+38.5 216.1+40.1
HDL-c{mg/dl) 47.8+12.8 49.5+13.1
TG (mg/dl) 1539+ 87.2 148.5+99.3

Mean+SD, #; HEh oS bEMBEFOE, #H
M6, FEMMMIIATHo .

Table 3 EHEFILE 49 HORUEOHRFE

HEHEL W
ke (& vy IRFS—L M)
B BEMENE (306)
: DERE (184) g I
ERELE LA AN 18(37%)
BEOHEHMMEL [ EIRBRE (A) 30(61%)
e {rant- 1) FET(A) 1(295)*

EOMOEH

FFECREIZTGE

Fig. 2 BRiibE 49 2@k Ik L AEE

(BREET, 77 7AORFIRAL)

Wk LCid, AubEE GEHmEY) BX
UBRAECHEREBEQEIIRIILOVWTOT ¥ ir— FRE
AT o7, RARITET, EHFHATR
S THELON I3 EH o727, 49BEBFERENT ¥
r— P ENTEIL 50% ThoTe.

2) FhEEHE

RisieiE & LT, thE, BMI, waist-hip ratio{WHR ;
BEERE R E - R ARME) BXURTREE"
POEIEEE (%fat) RWE L. SHIHEECTHR
Iz T TORT (SFA B U"Iﬁﬂﬁ'{ﬂﬁﬁ}iﬁﬁ (VFA)
BB LAY, EAEIZEE LT, Vomax ¥ HEZE T
NTA =&k HOTHMEL, AstrandD /€77

A S REEECHEE LA, R, ORRLL LD
HHEORMZEHMICIER S DL 2z, EARHER
r LTI OmE (FPG) &4 » 21 » (FIRD
& B, HOMA-IR (FIRI[uU/mI]XFPG(mmol/[]+
92,5y 75 gOGTT BF O 4% (AUCPG) &4 R
v (AUCIRD) EIGoHI#RT @i, & U HbAwc %}
@ EHL REABEERELTE, #aLAT0
— N (TC), F#RD (TG) BLURLEYRED
2L AFu—N (HDL<) 244 L7. MEOIEA
7055 ABBRICHEL, TOEE BB L.

4. FREHRIE :

N—R 54 o BTAREHOREBIZIISISITE
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UHETE R 7 0 & 9 Ms & B IEM RGBS
Tabled HEHEBTIXKIZBITL TS T LB TOSEMIFROTL

TOuysLAfl  TOTSLE

FEil (F) 50,2+ 15.6 514156
BMI(kg/m?) 25.8%53 247+39 *
PEARRA 2 (%) 26.5%12.2 247%10.9 *
WHR 0.05+0.05 0.93 £0.06
BT Nahhmfg (em®)  187.6+130.1 168.9+96.7
PR IFE S (cm® 161.8+64.1 136.6 =493 *
Vosmax (mi/kg/min)  31.9+6.2 348+58 *
FPG (mg/dl) 131.5+35.3 123.2+28.4
FIRI(£U/md 83%6.8 6.4%5.5 *
HOMA-IR 2.7+27 19£15 *
AUCPG (pU/mi/h)  611.2£171.7 567.7+1683 *
AUCIRL(4U/mi/h)  127.4+ 1450 108.7+92.4
HbAic (%) 6.3+1.4 59=1.1 *
TC (mg/dD 220.4+38.3 214.2=35.7
HDL-c{mg/dd 471*11.9 53.7=15.0 *
TG (mg/dd 154.5+88.7 137.2+83.8 *

Mean=SD, *;p<0.05 (vs 70 ¥ 5 AR

& U post-hoc  test % {7\, #KEERE LIt oD uBE
WIRAIED W tRELX T, TR 7 LREMNIL
Wik, MIEOHLHtMELTo /2. MEHARTIL, Stat
View ver. 5.0 (SAS Institute Inc.) #EHEEHTY 7 + %
Bwi:, ElRFE 5% kit b-oTHEEL L.

s B

1. $EFE (Table 2)

1) 72¥ 5 LgkHR

HRE 184 BOR SO Y T L4 HEIT 45% (83 &)
Thot:, LHHERELEREROURBLIT~N-2
74 YRETOENR, BB, 4B Lo - BBRRBHE
PRidFEEREL oo e

2) ERFL L VERAE
HREI4BOVEROBRLIES51% (44) T
hot:, BBZOFI LM B (46%) A IEEWAM
TrOBREERTho -, TEERS A1 EE
LEEWERERTTHY, MOrORYREDHRE
EBITLTWER 68 TH o7, FEMEE 101 £ T
i, 118 (11%) #1ERLERE-ELTE Y,
ZTONERNEOHRIBITLAHRIEThH 7.
3 ARPFEFIIHTSET 24— bRE (Table 3,
Fig. 2)

BEOHERBEOEHRRIZOVWTIE, REREFDOE
FMMEIZ LR L Ty vnuvb @ 5 Gt i 52 30
% (61%), MERICTHEBEEMEL TV AEREHN
18% (37%), FEL-HH 1% (%) Th-o7:. &5
KERPIEERIZOWT, BERETRE (HEoFb
Aty (56%)] [#HbEAtE vy (M4%)] L EMNED
ELHEHATH Y, BRPEETE MEEMCLY (53
%) | [HRROHHEM RV (40%) ] [E¥LLA 37

%) | %2 EThodz. BBEITEELLIIZO2WTI,
S EOREHRE» S BOHE ClERE R L &
W RBIEYNETH- I

2. ¥R (Table 4)

HREDBEEMBIITOr I AMBETOELE
BiRAT L 2=, 4KHE, BMI, VFA, FIRl, HOMA-IR,
HbAl?, AUCPG B I U TGHBREIIRAL, —A,
5 Voumax 35 L U HDL-c EHEICHML 7.

Z B

JEEEY - REHT OHBMEE QTR 3
i, EFEMEMNREARRAIEELAVAFLAOT
T, RETHTIR SO T A5 BITLE. FOHRL
Ll EbERTarI 2AEATICHNE, BlENRY
BLUutkhombs Lz, # - RSN 2
SEREHOLN, EAERCBITIBRRO—-X -
KFHICOWTOREE L Efe B bt B iRz 2 &
LY, fI3 - ERATEIC L o TIRMERTIEsE A0 &
PIEETHILMBEENTVE™, KR 145
Bl & v B A O FT % LR 28 7 A TooE
ThHHH FHRIIBVWTHLRBOERFPRELSRLZ L,
FAENLARSROERETITORARRETHL T
ERERTHE, EFIRERFEWILLEIONS,

TUYs LOBRKEILLSYN Thot. L LR
TUYFARI P U—LENRBETH o 127Dk
MAFMO— LI L. FEEMFEETICHS T
DM PEREOREL, BB 74 0—-7 9 7123
ZEREHTHECH ), FFELBEML-HEEH
PETREDELVEDIIEETE 2. LALT A
VATERSNAEEBRSEZENELLAMRNIE
BOHEBIMEIL 15~36%" L EhTEh, EENL
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BESRAN 46 75 (2003)

BT & s, 45% ORMEIRETHEHLEE
Z b,

HHZ4E0 1 EHOBMAERERE~OBIZE
W 51% Th ot bDHEIBYAERWRETILDH
LHRBRBEOBRERICOVWTORERZRVA, IO
I RRRTTCOBRZILBREZPE LS R I LA
Bl ehTwna, & CRBETRRINAER
ik, BEERMZ Lol LI LA P L,
TEIOBICSENET L TBURREL NS FI
P v Eds, BREOMRREEHTF LOEER
LAY P ThHDIEITTIEBENTVWEY, U
LIy, AnsEod b 1 EMEEDNET THI &
MOEHMI Bk L ZE0E 4 46% THo/Z k
i, AT YT LAOMREDO—DTHHIEEIALRS.

SRS LEREORTIIHT 2R S E O FENF
- mREtoMSRE okl —F, 1F
OB TIZ 100% THoDITHLT,
AR TRDTP 1% Thof, ThbOI L L
D, EHEHEAEAERAEETLVATATTO
70y I AGRICERTARALZERO—DIR, &k
MR CH S T AR,

FEEIEE T 28T vy — bOBR, BER
FOESSEIICLAR LT WIETREE L 61%
THY, HELZCOBANEHPSH L EORBINE
o [EEELE] BT CERE P LA
S BB LN RETRERFOLFELHRLS
NATMHEEIEL?, ZOLIRERESOSILD
HERBICMZ S LEEARIE SN, S 6ICHRT
FEBYD, BROHELTHIEEORRLERT L
HIZ, HREEEMNET AL T, EML
TEL-FAX B Y U Emall 2 ¥ &EFERALAZT7+2—T
2T Y AFARMETHIET, SoHEDHBRFEDMN
E, vt 7ur s sERFonktFEdrhi ot
(Fr IRV R 1 = 53 (WA

—F, EERLTVAELLHTRH HHVFE
L, ZoakP o eimd, SERRREEICE
PEEIIET A ETHo. TNLOWEKE,
RENBES G- ERERERRTSIEDNTES
IS, LS OESNBMEEOEN Y AT ARG
FTELENHLEIEEREL TV, REOHEKRRKE
Pt WRICBUAEERHORRLRR, BF
VAFAPOEN-BERIRECELEHLVERD
MEXNTWVED, J0L)RBAREEATE, KR
fric R LS ERRBEO 7+ -7 v Tz
KERELLHINE, FLERELEGEHA LR
AATCOMYVHMAYEETHLEER LN

EEMACER I L OFEDREERY ANS
ERORISE AL, MR OWHRE, BLIUERNHE

HitTH b I LAEHEATVAY. BHERLHHO
RBIIOWTI, RREAEREESETEERYATAL
BOWTRESTH S, ZEUMMAIIOVTS, BEE
LA RIGEE T - M EANORTHAR L ERL
BRI YT ATORGEHLEEIEIEETSHS,
Fhbb, AVAEZY ) Y FEOTEEFHELH#
A4ao LT, PEVIGERMRTLHEI GO, R
AR e Rt sl eAMETHI LTSN
2. SRRATOTILO—EOZDIL, TV ED
—NEEHERETOY I L EORERHETI LS
12, BEEMOERISLEFTRTHL.
BEFEHd s L, EREHE KRG EAES
L7t iFsEdro s 2088 T, 4i
L ABEOWBIRHENS L LMD LR,
—%, AT I AORGEROEERO—2ANEEP
o BEnRHETHICELAMETH 2 L
P, HENEOUES IUETERENOS LR LML
wkd, IVPEMLETUYILABIUVATADR
A RRME L LCRE L.

OB ARHRo--HEEAKNEESTIY s b
BEEIUFHY AR YREOHRMEEIIL - TH
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s RE g OB RELERETEHOEELHIE L7
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P RR I, RS o B ARMERRE (B3 205

HIE HFT OREA RET mPERKRT Ekok K

=Y HIRELBERETFOAHEEEENEULT. HEMNBECTINEREEICRE - EEFizR
TR0, WRIEER (VFA) OEREDREICDOVTIREILIC. BRE(LRREF & LTI,

1) WHEERMAE 140 mmHg Bk and/or #3RHAmME 90 mmHg Lt 2) #avAF0-)220
me/dl Bk, 3) chiigk 160 me/di Bk, 4) HDL AUV AF0O- 40 me/dl #ig, B) Z=hE
a%nE 126 meg/dl Lk and/or HOMA-R 1.8 LLED 5 EEEERUE. TTICERECRRE
Fht 2 EUEAHLUTLWIELOTEERSE 54 BENRIC, 111 FHORS - BEEEEETTUL,
ERETFE 1 BUTICHAT2H0OBDOENM VFAEZ, receiver operating characteristic
SEEAVTEELE. TORRE. BHEVE VFA DERER 120 cm®* THD, FNCHHTD

EMOOIA NMEFERZRRZ84.8cm TH oM.

Key words : @Qintervention study @visceral fat area ®computed tomography @
risk factor ®receiver operating characteristic curve
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% EOSRELEREFSEACERLTHEET 5,
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LTwaIedE{Boohs BHBCTALY VI
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TaRERENEROBESATRBEENTYWS, 61T,
ARG ERI O ERREOFRRETFTHLIELS
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HiLWIRSED ST RS body mass index (BMI)
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BRA 46% 8% (2003)

F ok

1. N=X5 1 2R DOHEE

1994 F4 5 2002 4E 5 HE TORMIZ, EEBKTO
SRR - BRUERG 1355 % 2RISR M A R SUE R & 5
ZL, T5g BOMEAMRE (OGTT) 2& - T2EE
R% (T2DM) $ L RBRELMDTHM S
BENORT, DTO4EFEBATEER-—254
YOIOMBLE L)) SEOZBURNISERRE O
BT ETTwhwa k, 2) RBHICHE L RIzTa
MEMALTWEWI L, 3) HREHEMEICL-T
BH - ERFEAEGTHE EHSh TV L,
4) mE - JREAH - B RIREIC2wT oW
TSHBIZREBENR W &, DLEOREL2STH T
RET201 2B 1398, T 28)Thot,
B (1999 £ AFBERBESR) X DARIR, T2
DM ;137 %, HRA ;43 %, EHE ;21 4 THo7-.
i, EWRD 21 &izowTid, £B5%1900 £ LIAT
IZ75g0GTT %% THh, TORICIAEE (1982
FERBRERIRES) Lo THRR L BT S NI IER
THoltDTEFEDI G L L7,

2. BEE (frA) FOHRE

N=AFAYHMOMHEDH B, T TIZEIREAL
EHAF2ELEEHLTWEER 41 £TH-
. F@S b, MARGELS 1EINEAL-EIL 136
B THotloH, FABOBFMEZ B 674T
Hotz (FHAAIME 13434 2 A). A AMES
CEMREARB LT 4BE, ME - IFECH - 5
8 ARIEIC OV TOREEBIZRIAY D 729
BERVWANME (B s, X178 ®, B
B (rAfR) SiodgEs L.

3. BiRE(LEREFONTES

1) REFRFINEE M E 140 mmHg Bk and/or 31 3R
FAME 90 mmHg BAE™, 2L A7 0—)L 220 mg/
d/ BAE®, 3) FHEMREF 150 mg/d! BLEY, 4) BHE
VEEBIVAF T — V40 mg/dl RKil5®, 5) e
Mg 126 mg/d! Bl E"and/or 1 ¥ 2 FiEHiER o7
{HOMA-IR) 16 L E*D SEHE & L7-,

4. AEIRAE

PEMERE E LT, A&, BMI, Bivyz X FERE
(WC) BLUY xR be vy 7k (WHR: WC+BiRiE
REFEE) 20 L, BT A & R (%fat)
wHEE LA 51, R GBI TS
(IB) CTHFE (REHE, VIGOR LAU DATOR)
T, BT (SFA) 3 X URRIEHER (VFA) %
UL RAIEZE LT, BIEEI L TA—4% %
BOTEBANRREELL, Asrand D) E5 5
L b HEAEEFENE (Vomax) % MZHTHitEE
L7:. oitHiomigi 9 Ml Eofft:, 2HdN

WREBIZTHARE DIRILL, 20#% 75g0GTT % %
ML 7z, REACEHEEEE LT, EHEEomE (FPG) &
1> XM ¥ (FIRD RE, HOMA-IR (FIRI (xU/mi)
XFPG (mmol/I) +225)", XU HbAwc ZNE -
HHLA, BREAEEELLTE, B2vaFsu—n
(TC), RN (TG) BIUBLEY RFEHTIL X
79—\ (HDL-c) %Z4#f L7 KEMIE, 30
SULORFFHICEMISTIEMEL, RLEEE
CZHRFIURIAGRE (SBP) B2 UNLRBME (DBP)
L7 VEDOHEBEMAWHIZHEL .

5 NAFOTI A

EE  FEFEETRLE LA 1 EHON AT Y
FLYERERB L, 2TONERTH, BREKEDS
W, RBRoZREERTICHT LRSI URAOED
MEREICETIHN 120 0L EH L. EHig
B ABTOR 90 TR+ RN
1 B4 o 7z, &8 A D Voanax O 50% i EE (= 48 %4
THHITEENZME, V57— 3 BIUEHE
VYRS ABBYERHE LA ARWREIIOWTIE,
BFHRELTICIZH 60 FOENEEINRE 2 MTH
N7z BEORYEIKEOIREEfFo %, TH
F—H\RE e LTEMAOEESEYR L Y 25-30 keal
PEHELLTUELA #0#14EM, daE
home-base A CH R EREE) - ABHE L RET
L7, 7o/ A6 7 AR, KEDS I USSR
KDOVBTOANNVAEZ S VIR BEBRETITY, 1
ARBIZ77 v 7 ABELTE b7 &b, 1453
D707 AMEY, SRTESmETY Fo—ik
BIISLTHEARIEICEREMESHL, 1£80
T LIRT LS CHIEEE L EEL 7.

6. T— AR

N—AFA4 YBHIIBWT, FRE, SRS IOT
2DM @ 3BT B0, FESHE X U post-
hoc test T o 7=, £ 1%, repeated measure ANOVA
NLoTHANBOZHEOLTILE B LT L
7o, BIRIELEREFA 2 BULEHT S L 2l
TEHRORD XYL VFABRERET L0102, ~—
A 7 4 ¥ BT receiver operating characteristics (ROC)
DI EAT o1z, BEMIZIE, VFA O % 30~300 cm®
DHEFAT0em® TEIZHRELT, BRELEREF
T2 ERETAEL 1EUTCHEEL A1) —
Y7L, TOBOBESLUHFREED S ROC #1ig
ZER L7, £OLT, EAPLHEE (REL, 5
RED ITOEMEHZERL, BEAIIELEY
VFAfiERLEN Ay P 7HA L PELE B
5, BREEILEMEFZ IMUTTsIE42EM
ELVFADHEEMIZOWTHRET 7201, ftA
BOF—FIBCTL RO ETo 7. 72, VFA
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Table1l Age and anthropometric and metabolic profiles of subjects with normal glucose tolerance (NGT},
borderline type (BT), and type 2 diabetes mellitus(T 2 DM)at baseline.

NGT{n=21) BT(n=43) T2DM{n=137)
Age (years) 466155 472123 535+12.0 .
Body mass index (kg/m®) 263%6.1 26359 253+3.7
Body fat(%) 26.5+14.0 258128 254+ 105
Waist circumference (cm) 90.0+134 89.8+14.0 88382
Waist~to~hip ratio 0.93 +£0.06 0.94+0.08 0.95+0.07
Subcutaneous fat area(cm’) 203.2+ 146.1 192.9*1284 167.7+834
Visceral fat area{cm®) 168.1%£54.7 151.2+55.3 165.8+62.6
Vomax (m{ /kg/min) 3L.7£6.5 32.0+80 323=54
Fasting plasma glucose (mg/d!) 975294 1063104 148.9x324 #*
Fasting insulin (2 U/m!) 73+52 98x17.6 7.3+6.3
HOMA-IR 1.7+1.0 25%44 28+28
HbAic(%) . 5004 55%0.6 6.9+1.4 #*
Total cholesterol(mg/d!) - 2029+57.5 2143+41.0 223.1+34.3
HDL cholesterol (mg/dl} 47.9+125 523+14.5 50.5+13.3
Triglyceride (mg/df) 173.3£132.1 1286t 71.6 158.7 +103.4
Systolic blood pressure (mmHg) 120.0+£17.0 120.9x16.9 1324185
Diastolic blood pressure {mmHg) 852+8.5 823+107 829117
Number of risk factors 1711 1712 24+1.1 #x

Data is means = SD. Risk factors : hypertension, dyslipidemia, and glucose intoleran_ce, defined in METHODS.
#: p<0.05 versus NGT by post-hoc test. * : p<0.05 versus BT by post-hoc test. Vo.max : maximum oxygen

uptake.

Number of risk factors

150 200 250 300

Visceral fat area (cm?)

50 100

Fig. 1 Number of risk factors versus VFA at baseline.

PWCoOHMBHRESRT HL0ICET YV Y OHN
FEHErEHRL, OB VFAL WCOERERANL
VFA D BEMISHIET S WC 2T L. #itEm
\2i%, StatView ver. 5.0 (SAS Institute Inc.) #E&IHF
V7 R, SEHERE Bk fERER 5% KR
L7

7. RIENER

ARG, AMAEREREYY - HEZASD
RELZTTWES, T4, HEFEIMRELOVWTOHR
B %St, RELALTHERCSmLL.

1.0 1
0.8 A
Z 06 A
2
@ Visceral fat area: 150 cm?2
S 04 A Sensiivity: 0.64
Specificity: 0.62
0.2 -
0-0 L T L} T T 1
0.0 0.2 0.4 0.6 0.8 1.0
1 - specificity

Fig, 2 Receiver operating characteristic curve of VFA for
detecting multiple risk factor clustering at baseline.
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Table 2 Effects of intervention on anthropometric and metabolic profiles in subjects with multiple risk factor cluster-

ing at baseline,

Male (n= 37} Femal(n=17) Main effect nter—
Before After Before After Sex Time action

Age (years) 51.0+15.0 52,1%+15.1 5631256 574126 *

BMI (kg/m? 253143 24.1+25 25.6%5.1 244*3.6 *

%bfat (%) 223x8.6 20.1+69 33.0+£87 306+6.8 * *
WC(em) 888=x9.1 85.8+6.3 90.1+14.3 84585 *

WHR 0.95+0.04 0.94+0.04 0.95+0.06 0.91£0.09 ¥
SFA(cm®) 161.9+103.2 135.8+50.9 200.2+1274 215.0+97.0 *

VFA{cm?) 176.1 £67.1 142.1+48.6 162.4+69.2 132.7+53.6 *

Vo.max (ml /kg/min) 33553 36.6+4.8 29.2+7.1 20.7+38 * *

FPG (mg/dl} 1343326 123.0+23.7 138.1+34.5 1222+ 157 ¥

FIRI(z U/ml) 86+79 6.4+52 7.6%38 7.6%£6.9 *
HOMA-IR 3.0£35 19+156 2510 21+15 *

HbAic (%) 64*15 5808 6512 6.1+0.9 *
TC{mg/dl} 226.2+4579 215.2+369 235.6+29.9 230.7+274

HDL-¢(mg/df) 42.5+10.0 50.0+14.0 51.0x11.7 57.1%+13.3 * *

TG (mg/d!) 1854924 155.4 £ 84.0 138.1x67.8 123.7%£57.0 *

SBP (mmHg) 130.2+16.2 129.4£19.2 139.2+20.2 137.7+£23.0

DBP{mmHg} 83.1+£66 80.6+12.1 86.4+12.4 848126

Number of risk factors# 3.01.0 22+12 26£06 22£09 ®

Data is means £ SD. # ; Risk factors:}!ypertension, dyslipidemia, and glucose intolerance, defined in METHODS. * : P
<0.05 by repeated measure ANOVA. Vomax : maximum oxygen uptake.

1.0 -
0.8 -
Z 0.6 -
s Visceral fat area: 120 cm?
2 Sensitivity: 0.73
3 0.4 - Specificity: 0.64
0.2 -
0.0 T T

T 1

0.0 0.2 0.4 0.6 0.8 1.0
1 - specificity

Fig. 3 Receiver operating characteristic curve of VFA for
detecting multiple risk factor clustering after inter-
vention.
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Fig. 4 Correlation between VFA and waist circumference
in men after intervention.
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Abstract

Visceral Fat Area Target for Improving Multiple Risk Factor Clustering in Patients
with Impaired Glucose Tolerance and Type 2 Diabetes Mellitus

Yuko Kai*t, Shuzo Kumagai*“?, Kiyoji Tanaka™ and Haruka Sasaki**

*! Graduate School of Human-Environment Studies, Kyushu University, Fukuoka, Japan
*2 Institute of Health Science, Kyushu University, Japan
* Institute of Health and Sport Sciences, University of Tsukuba, Japan
*i Sacond Division of Internal Medicine, Chikushi Hospital, Fukuoka University, Japan

We studied examine the visceral fat area{VFA) target for improving multiple risk factor clustering in pa-
tients with impaired glucose tolerance and mild type 2 diabetes mellitus who were not taking medication.
Risk factors were defined as systolic blood pressure>140 mmHg and/or diastolic blood pressure=90
mmHg, total cholesterol=220 mg/d! , triglyceride =150 mg/d!, HDL-cholesterol<<40 mg/d!, and fasting
glucose =126 mg/d! and/or HOMA-IRZ1L6. One year of diet and exercise therapy was conducted in
2 groups of patients {n=>54) with muitiple risk factors. The most appropriate VFA target for reaching zero
or a single risk factor was calculated as 120 cm® by receiver operating characteristic analysis.
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Summary The purpose of the present study was to investigate the relationship between
intra-abdominal-obesity susceptibility and the adaptation of skeletal muscle metabolic and
histochemical characteristics when fed a high-fat diet (HFD) for a short period of time.
Twenty-four male Wistar rats were fed a HFD (39.7% calories of fat) for 5 wk. After the 5-
wk dietary period, the rats were sacrificed and divided into intra-abdominal-obesity-prone
(OP) or obesity-resistant (OR) groups according to the total intra-abdominal fat pads (epid-
idymal, mesenteric, and perirenal) weights. A superficial portion of the Muscle (M.) gastroc-
nemius tissue obtained from 2 groups before and after feeding the HFD were analyzed to
determine their hexokinase {HK), B-hydroxyacyl CoA dehydrogenase (8-HAD), and citrate
synthase (C8) activities. Muscle fiber composition and capillary density were examined in
the deep portion of the M. gastrocnemius, soleus, and extensor digitorum longus (EDL)
gained after the HFD. While the OP group had more intra-abdominal {at pads and a heavier
final body weight than the OR group, there was no significant difference in the energy
intake between the two. Due to the HED, the OP group showed significant increases in -
HAD and CS activities, while the OR group did not. Change of B-HAD activity by HFD in the
OP group was significantly greater than that in the OR group. The ratio of fat oxidation,
expressed as B-HAD/CS, significantly increased in the OP group, but not in the OR group.
No differences were found in either the muscle fiber composition or capillarization. These
results suggest that intra-abdominal-obesity-susceptive rats may have a higher adaptation
degree in muscle oxidative enzyme activities as characteristic in the early stage of intra-

abdominal adipose accumulation.

Key Words obesity, high-fat diet, muscle fiber composition, enzyme activity

Obesity is characterized by increased fat stores when
the energy intake exceeds the energy expenditure. Vis-
ceral obesity, among several obese indices, has been
more closely associated with chronic diseases and syn-
dromes such as “insulin resistance syndrome” or “Syn-
drome X" than subcutaneous obesity. High-fat diet
(HFD) studies using rats have shown individual differ-
ences in the susceptibility to visceral adipose tissue (I-
3). However, the metabolic factors that are responsiblie
for this difference remain unclear. Due to its utilization
of glucose and fatty acids, the skeletal muscle plays an
important role in the energy metabolism. Skeletal mus-
cle fibers are categorized as slow-twitch (type I) and
fast-twitch (type II) fibers according to their contraction
velocity. Recently, rat muscle type II fibers have been

E-mail : shuzo@ihs.kyushu-u.ac.ip
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further subclassified into type IIA, type IIX, and type [[B
fibers (4). Type I fibers have been demonstrated to have
higher oxidative enzyme activity as compared to type II
fibers (5). In cross-sectional studies, obese subjects were
found to have a lower proportion of type I muscle fibers
(6-8) and lower oxidative enzyme activities (9, 10),
which were thus suggested to be predeterminate factors
for obesity. On the other hand, in longitudinal studies,
HFD, which induced visceral obesity (11), increased the
oxidative enzyme activities of muscles (12, 13). How-
ever, the relationship between visceral-obesity-sus-
ceptibility and the adaptation of skeletal muscle
characteristics have not been strictly investigated so far.
We designed a 5-wk longitudinal protocol and com-
pared the muscle characteristics not only between obe-
sity-prone (OF) and obesity-resistant (OR) groups, but
also between the same animals before and after HFD,
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which has been done only rarely in previous studies (1,
3. 6, 14—16) in order to rule out any bias from individ-
ual diversity. Instead of body weight gain, intra-abdom-
inal adipose accumulation, as a model of visceral fat,
which is a more important factor regarding obesity and
manifests itself as intra-abdominal fat pads, was chosen
to be the main classification criterion. The purpose of
this study was to investigate the relationship between
intra-abdominal-obesity susceptibility and the adapta-
tion of skeletal muscle characteristics when fed a HFD
for a short period of time.

MATERIALS AND METHODS

Study design. Male Wistar rats {n=24) at 10 wk of
age and weighing 317-386 g were used for this study.
Rats were housed individually under controlled condi-
tions (12:12-h light-dark cycle and 20°C room temper-
ature) and given food and water ad libitum. All
experimental procedures were approved by the Guide
for the Care and Use of Laboratory Animals.

At the beginning of the study. all rats were weighed
and anaesthetized with pentobarbital sodium (50 mg/
kg ip). The lateral side of the right leg was shaved and
then sterilized with 70% ethanol. The skin was opened
(1 cm) with a blade, and muscle samples (about
100 mg) were obtained from the superficial portion of
the Muscle (M.) gastrocnemius. Samples were immedi-
ately frozen and stored in liquid nitrogen until assayed.
The skin was thereafter closed with stainless steel auto-
clips and the rats were injected with penicillin (2.5 mg/
kg im). During the 2-wk recovery period after biopsy. all
rats were fed a normal rat chow diet. Afier the recovery
period, they were fed a HFD for 5 wk. The HFD was pre-
pared by mixing lard with normal rat chow materials to
make it contain the following percentages of calories,
39.7% fat, 18.5% protein, and 41.9% carbohydrate
(KBT Oriental, JP). The energy content of the diet was
439 kcal/100 g. Body weight and food intake were
recorded every 2 d throughout the dietary period. After
5wk, and overnight fasting (12h), all rats were
weighed and anaesthetized with pentobarbital sodium
(50 mg/kg ip). The M. gastrocnemius, soleus and exten-
sor digitorum longus (EDL) in the left leg were removed
and weighed. The intra-abdominal fat pads (epididymal,
mesenteric, and perirenal) were also excised and
weighed.

Muscle histochemical analysis.  In the deep portion of
the M. gastrocnemtus, soleus, and EDL, complete cross-
sectional segments were cut at the muscle belly. Each
muscle piece was mounted on a specimen holder in
OCT embedding medium (Miles Tissue-Tec L), and fro-
zen in isopentane previously cooled in a viscous fluid
with liquid nitrogen. Transverse sections (10 um) were
cut from each muscle using a cryostat maintained at
—20°C and the sections were mounted on a cover glass.
Myosin adensine triphosphatase (ATPase) was demon-
strated using previously described procedures. In brief,
consecutive sertal sections were processed using three
_ different pretreatments, preincubation pH 4.3, 4.6, and
10.4. The muscle fibers were identified as type 1, IIA,
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I1x, I8, and JIC fibers based on the myosin ATPase
staining intensity (17). A composite photomontage of
each ATPase preparation was made using micrographs,
and then each fiber was identified and counted using a
handcounter. The fibers counted for the deep portion of
the M. gastrocnemius were > 500, and all countable M.
soleus and EDL fibers on the cross section were counted.
Muscle capillaries were stained with ATPase staining.
In brief, each muscle cross section was fixed in 4%
formaldehyde with 0.1 M phosphate buffer, pH 7.4 in
room temperature, followed by pre-incubation at pH
10.3. After that, incubation was performed as above.

Enzyme Assay Enzyme assays were performed on
the samples extracted from a superficial portion of the
M. gastrocnemius. The 10% homogenates made from
the respective muscles in 175 mu KCl, 10 mM GSH, and
2mM EDTA, pH 7.4, were frozen and thawed three
times to disrupt the mitochondrial membrane and then
mixed thoroughly before performing the enzymatic
measurements. Assays were performed using a UV/Vis
spectrophotometer (JAS V-530) equipped with a tem-
perature-controlled cell holder by previously established
techniques: HK (18), 8-HAD (19), and CS {20) at 30°C.
The coefficients of variation for the enzyme assay were
1.8% for HK, 1.2% for B-HAD, and 1.7% for CS by the
same sample repeated measurements.

Statistical analysis. Based on the weights of the total
intra-abdominal fat pads, the data of the rats were
divided into two groups: 12 for obesity-prone rats (OP)
and 12 for obesity-resistant rats (OR), All data were pre-
sented as means*SE. Two-way ANOVA was used to
compare the body weights, enzyme activities, and
changes in ratio of enzyme activities. Fisher's PLSD was
conducted if ANOVA indicated a significant difference.
The unpaired t-test was used in comparisons for weight
gain, total energy intake, muscle weiglt, intra-abdomi-
nal fat pads, inira-abdominal fat pads/final body
weight, change in enzyme activities, muscle fiber com-
position, and indexes of capillarization. Variables were
considered significantly different when the p value was
less than 0.05.

RESULTS

Body composition and food intake

The body weights are presented in Fig. 1. On the
biopsy day, the body weights were 338.4%5.3 g for the
OP group and 329.8%2.5 g for the OR group. On the
first day of the HFD, body weights reached 407.6+4.1 ¢
for the OP group and 393.9x5.6 g for the OR group.
There was no significant difference between the OP and
OR groups on either day. The final body weights on the
day of sacrifice were statistically different (OP:
551.7+7.4g: OR: 520.2x10.9 g, p<<0.05). The differ-
ence between the two groups in body weight increase
after feeding the HFD was also almost significant
(p<0.06).

Total energy intake was calculated according to a
food intake record. Despite the apparent difference in
the final body wetghts, there was no significant differ-
ence in the total energy intake between the groups {OP:
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Fig. 1. Left: the average body welghts of OP and CR

rats. Biopsies were conducted in week 0, and the HFD
started in week 2 and finished in week 7. * Significant
difference (p<0.05) between OP and OR groups. Right:
total weight gain of the two groups during feeding of
HFD.
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Fig. 2. Enzyme activities of hexckinase (HK), B-hy-
droxyacyl CoA dehydrogenase (B-HAD), and citrate
synthase (CS). * Significantly different (p<0.05) com-
pared to the activity of the same rat group before feed-
ing the HFD,

4595.5%7.1 kcal: OR: 4385.1+107.9 kcal).

Total intra-abdominal fat pads, consisting of epididy-
mal, mesenteric, and perirenal fat pads, were measured
in this study. The rats were divided intc OP or OR
groups based on this criterion. The OP group had signif-
icantly more intra-abdominal fat pads (33.3+0.8 g vs.
25.920.9 g, respectively, p<0.0001) and higher intra-
abdominal fat pads/final body weight (0.060+0.002 g
vs. 0.050£0.001 g, respectively, p=0.0001) than the
OR group.

The weights of the M, gastrocnemius, soleus or EDL
were not different between the groups.

Enzyme activity

Muscle enzyme activities are shown in Fig. 2. Over
the 5-wk HFD period, the maximal activity of 8-HAD
{key enzyme of B-oxidation of fatty acids) and CS (key
enzyme of tricarboxylic acid cycle) significantly
increased in the OP group but did not change in the OR
group. The activity of HK (key enzyme of glucose utiliza-
tion) did not change in either group. Comparisons
between the OP and OR groups were also made, but the
activities of these three enzymes were not significantly
different before and after HFD. As for the change of
enzyme activity, the change in B-HAD of the OP rats
was nearly fourfold that of the OR rats (p<0.05, Fig. 3).
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Fig. 3. Changes tn HK, 8-HAD, and CS caused by the
HFD. The change in enzyme activity was determined as
follows: change of enzyme activity=post—pre of same
group. * Significant difference (p<0.05) between OP
and OR groups.
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Fig. 4. Ratio of enzyme activities. * Significantly differ-

ent (p<0.05) compared to the activity of the same rat
group before feeding the HFD.

The ratios of glycolysis and oxidation were deter-
mined based on the enzyme ratios {Fig, 4). In the OP
group, after HFD, HK/S-HAD (an indication of the rela-
tive capacity for glycolysis vs. B-oxidation) and HK/CS
(an indication of the relative capacity for glycolysis vs.
total oxidative capacity) decreased while an increase
was found in 8-HAD/CS (an indication of the capacity
for B-oxidation relative to total oxidative capacity). All
of these differences were significant (p<<0.05). On the
other hand, in the OR group, significant differences
were only observed in HK/8-HAD and HX/CS.

Muscle fiber proportion and capillarity

No differences were observed between the OP and OR
groups in either fiber type of either muscle (data not
shown). Muscle fiber capillarization was measured after
feeding the HFD. Comparisons between the OP and OR
rats showed no significant differences in either index of
elther muscle (data not shown).

DISCUSSION

This study examined a number of important proper-
ties of skeletal muscle in OP and OR rats before and/or
after feeding a HFD. In most of the former studies (3,
14, 15), muscle samples were compared only between
OP and OR groups after feeding the HFD. We addition-
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