SIRIGDIET, ®BABZ LS 5h 3.
E@vyf@@%%bfmamﬁﬁﬁ,%@ﬁﬁﬁmivfﬁﬁ@
@@wéenéiimﬁﬁ%%ﬁ?éoﬁ%t%mttﬁofm%%
v@ﬁ<&0,m~%ﬁmt5tﬁ%¢®ﬁﬁﬁmé<&<&b,@%
B BLEL R T LE S,
%ﬁ%@%%ﬁ?ﬁ%%@m&%@déﬂﬁ,ﬁWET%%O

& e s A A e v ol S 1At BTN ek e
A s AR S A e 2w o

B R
SRR, KEBASE WS T BHAT, [H2 2008 bubi :
%ﬁ%@ﬁ@%ﬁ@¢?ﬁ%%%mé@?%%°ﬁﬂ@?ﬂ%b<, ’
FIELTEL T 2 EPIRIE 60 BELED 3% ¢ 540 10T 5, 2 Ak
WE@%&&LT@,%ﬂ@ﬁﬁﬁ%@%%@@%@éW%mmmé
NOB, BT LI PRI Z OMBRIIE L <, A OE T
FLORBRFMDSBEE 55, BAMOFMZD S E L <L,
BT RR BRI (RBAEOHS ORE e a0 ¢ )
KAIK%%(WWVVf)%Km%ﬁ&ébﬁk§®ﬂ%%o

=

#

& o

R ' ﬁWEHﬁE@iﬁKiofE25%ﬁ?$%oEWE&D%%E
ﬁ&&mﬁ%%%m;<&6m,tmfu@%ﬁﬁﬁ%m%ﬁb,ﬁ
%Kﬁﬂ%%5:t%%%o?%@%ﬁﬁﬁﬁfﬁﬁ%ﬁi%%mm
EOREERI 2z Lo ons,

2 K

N

Bhiwm L L STHRMZ 212 < 25, BERUS0RNEORR )
' @%@%M@T,%Aﬁ%ﬁ@@ﬁ%@@ﬁﬁﬁ%@ﬁg@@_gk

%i6n6o~&m@if%ﬁ@ﬁﬁ%%moﬁe<&o,ﬁ@a@

%@ﬁ%%:iﬁ%(&%o%%%ﬁ%@%:i%ﬁﬂ@ﬁ%%mn
BOLWISERSEI D, ¥ 8 2 EE BEES Z L h3% s,

RIEDHIE LR 200, EARBEO R, BleeE W im

BROBZON, BICLU BB HBRN CRES S5 - Loy

e L —_— \_Mﬁ_\“ﬂ T ———

44




e ———

e —_—
Th 3,

%Aﬁ%%wwbruﬁ@%&%@uam@ﬁﬁ%?@5JwL%
%%é%%k@mﬁﬁﬁ@ﬁﬁﬁﬁﬁéhéﬁ,%M%KT%%@®
%mtb@%@%gwmowk%<E:za&em@%w@cézk
é%%oﬁﬁm;55%$EL@KﬁMWLTM,%@@é@ﬁ@o
<DK%EET%TﬁEDﬁNET%%Oit,ﬁﬁﬁwﬁ%mio
T%@%@%%ﬂbﬁ%otﬁ@&%b&<f%,%%ébfﬁh%
ﬁ%ﬂﬁfﬁh?ﬁofh<iﬁﬂ%%T&%T%5o

3 BRE . g

B

%%@Ua%m&%ﬁ@%ﬁﬁaa@mwaoit&%@ﬁw%w
&<&of,ﬁ%ﬁﬁwb<&<&ofbi50ﬁ$é®%ﬁ@ﬁ%
%L<@TLJM%RM%&T6mﬁui®ATﬁJﬁbﬁ$é§@D
5@E$ﬁ}%%@ﬁﬁ%%£&?%o%b:5kﬁb%ﬁéﬁbf
m%&[ﬁ%&ﬁﬁm,@$,E%&E@ﬁﬁm@@§aoff,%
WEE¢H<&®EEE&50V%V%%&E@%%%%Wﬁﬁﬁ§

%i&mXN4x&E?ﬁ&%5TI%%?%O

3]
%éihﬁt&ék&ﬁ%éym%ﬁ?@%gui,%ﬁﬁ?ﬁ
¥ﬁ8$ﬂ&ofbiﬁobmb,:n&m%%é%%%&E@ﬁ®
ﬁﬁm;%@@ﬁ&kA8a§@$xn%§otEE@%%?ﬁm
%LTW%@&ﬁE@&@mi&woﬁfﬁVﬁ%Eék,%ﬁ?ﬁ
?V&w7DX%?V&w%—7&E®ﬁﬂ&%%ﬁfﬁD,%@?
ANDFFOTEH 3, |
%@(Kh@)%@5@m&,ﬁ%%ﬁm@ﬁw%;%ﬁﬁawb
ﬁD@@%@%E5%(§@)m&ofﬁﬁ%%éikmﬁ%oﬁﬁ
wéb&ma%uamwiﬁﬁtm%¢5:tmﬁﬁﬁﬁ5o@@%
%?%%ﬁwvﬁA%%<kéikﬁ@b6n%o

| B3E | mhnacEm 45




—_—— ‘\‘_,\A“h_\_“

bl
e
Fit

4 BHERE

FELBLBBUHD L, BIEEE LD, BIFL oot
&%thﬁ%ﬂ%%%@%mq%@EE&E%E%E%@ﬁ%Ei
DE%ﬁ%ﬁ%ﬁ&ﬁ%ﬁ%ﬁ%ﬁ@:omkwén5oE%ﬁ%ﬁ
%ﬁ@&&&EM%@%@ﬁﬁ%%m@%ﬁ%wi<&6h%ﬁﬁ%
BHRETH 3,

HAENMC B 6 BIRE OB 12, 53 - 1 10y 1 5 I 213 B
@%u%@5mﬁﬁma,%ﬁfﬁﬁOﬁﬁ@é%ﬂ%Mt,%%%m
IR CEEE s s 2 o

3-1 BRI EmRTIRER

() Hrrg

B

50~

CER ()
B H LT [Geriatric Medicine] 27, 610~6145, 1989,

F &
%ﬁﬁ@ﬁ@:omﬂi%<@E}?ﬁ?@ﬁ%bmséd TRbB, B
va%ﬁKE,EﬁﬂE&swaxﬁ,ﬂ$%ﬁmw%y<%%
@ﬁ?ﬁ%%%o)®ﬁﬁ,wwvbly(%ﬁﬁﬁ%@%ﬂiéﬁ
m%%9>@ﬁw%ﬁ%%@@T,ﬁﬁmw%y@@T,ﬁ@KE,
%%x@&aﬁ%$¢5a%z%nfw%o




i K
AE D FE R i%*&@ﬁﬁ Tk 2 EEEETH 5, EEL
D, FYERICEL RIFY Lt S cBLWEANE T 2, s
FTOTEDEDDUARL 2D, 7 HhSH  SBBEL 2 D, SRS
BT DT B LBEEEEMNE 5 L 51t n b, KBREBELLEFLY
TOHDT, BT 5 EHTNTERLAD, BaARFHRILEINE
L3, MET S L 2fBNE s DREE % 2,

§

i

RUTI XA CRRRIE R LR B, TR, fIZ
RIS OFEY, BIFRRSATER PR T IZE b, B
ERBEERINEBL CT AF v >R YIc & D BERSHET 2
FELBOSNTHEY, ThsEAEORETHCEBEE b5 H
Th D, T 12 EE, BEABREES BV RS HRE DS |
LBHEMERSRES LTS,

B & T |

FREIEEZEE T HEMEHRY, 30~40 BRicEABITEL,
DUt iimtes & & & 127 2, BHBRE T 2 8RE R,
WESHSDTFIHT, BRIEME (peak bone mass) % T 273135 ¢
MNTHIETHY, TTIBHEESD - 7 BEADLE & [,
EE, AV T LDHCRY) (FH, F-X, KE, BE, 1A, B
BR)Z2LD L, RIMEBOICKBIC Y2 2 L R P NEETH L,
BRI UTIRIEREE Y 3 v D 8%, LRV EY (TR MY 4—

W, ANY N =VBEL, A TV TIRY, B8 SV Ky, EAR AR R—

by TBARKEHER 7 o4 R EBSHVw STV S, KEEBEE (8
DI FIROES) BRI T Ui Be 12 S 0 BRI 7 1o 48
%‘%&@?50

* | —— BRBAMHFEBHREDNELERTEERICL VRES N, BRETEAREY |
TEEEESY, BEREREN Eﬁﬁi/\ﬁ'lﬁ?ﬁﬁ@?ﬂ%iﬁ WOBPIE L, F1, ZhIZREE%E
BERD (XBERFBENSESERALETHENTO%IAES0%RE) & L ’C""#ﬂ#ﬂf‘m:ﬁﬁhﬁ
L TERAMEL TL A,

HIE | BAMELER



Ey 295

ﬁﬁﬁﬁ%ﬁ%%ﬁo%
ﬁﬂﬁ%@—&?%%m
b‘%%ﬁ#@(::b‘tﬂ"t%ﬁ
T3, I Isg 7B
EBEPERLELY, B
%bﬁ%&vﬁﬁﬁiﬁ
CHETH IE o>
%%T%U,%ﬁbﬁﬁ
DAY T Fwms g iy
ﬁtnTU§%%ﬁ%
L. AUEENRYEL
% E DR BB RIS A5
To BISAZED 3 U (2 fsE
ﬁt%%%&ﬁ@ﬁ%ﬁ
DEWHRH SR, ==
FHILECY oL
%waéw,#ﬁmﬁﬂ
Wéﬁﬁﬁéﬁiﬁxw
ﬁm%%%waéw,ﬁ
RRRAE Y -
REBRDBI DL U D
%, M%'&@%O)bf%\.\

B, —EBICRIEMR R |

LDLEHLND, i
BREGDI>T LR
Ly

T b — R
REEND—>T, ®ie
FEERERERT, B
2530 01%E kR0
SREERAE, Wl
FHEEAE, EHE, ®
PRREEIET, WRmn e
®%1tﬁ%%20~30ﬁﬁ
L TEL, TH5e508
ﬁ%?%%°&*tkL
DHIEIZSBC, 1000 A 1L
LOBEIUET o2
ALNTV3, BiFE*D
READNA )= =935
EREECTHE~Y
N—EOBREFEETH
S3LENHELHE £
e

N~$yv2ﬁ

%%&@%Ffﬁﬁﬁﬁﬁﬁébtﬂ%ﬂp&%%mﬁgmﬁﬁﬁm

.iof@?bk%%J?%U,EﬁéEK@E#@iﬁé%TEE®

ﬁ%%ﬂﬁ@Tféza%m5oE@%Tﬁ%ﬂ%ﬁ%%(M@%M
@km§ﬁ<m%ﬁ%§mi91Mﬁ%ﬁﬁ%éntﬁ%&LTEU
2) BHI30%, TV g g (FRETETHY, Bosl
ﬁﬁ%M$<ﬁﬁ?%t%i%ﬂé)ﬁ%«%?ﬁ%@ﬁé%%éh
Twéokﬁﬁﬁ%wwﬁn,@Aﬁ,59%&8,%%&%%@%
%Twﬁ%%,Eﬁ&*@ﬁ%@ﬂﬁﬁ,éﬁﬁﬁmﬁsﬁ%,ﬁﬁ
%ﬂw&%%w&€%§ﬁ%&é®%%%kb,%@%ﬁmm&%ﬁ
%ET%%O%%MMﬁk&%K%MT%ﬁﬁﬁuimﬁémﬁ%%
ﬁ%%%%b,%@%%%ﬁl%ikﬁﬂ%ﬂﬁ;ﬁbS%ﬁﬁ%ﬁ
%%5ﬁfw%o%%@%%E%&ﬁ%%ﬁ%f%%o

6 N—FrvoE
WN—F Y VIR, 1817 F, J.Parkinson bﬂ%ﬁ%fvﬁ?ﬁgﬁ ELTHREL
kaMdUiéoﬁEEOwT@¢M%§®%§@t&,F—NS
yw@iwwwu,%nm;oﬁgﬁ&%%@W%%@%%E%ﬁm
SEZsnszrizrz, |
HAEwZ 51> %ﬁ%ﬁ%&i@iﬁ?@%ﬁ%ﬂ@ﬁﬁm £5&E105%H7
D%AT@D,ww%ﬁK%ﬁTéé@ﬁ%ho

E R
ﬁ%ﬁ?@&%iﬁwb,ﬁﬁﬁxA~X?&<&%,%Wﬁ%<
&5,ﬁ%ﬁib<&5(ﬁﬁ%%%)&f?%%oxﬁﬁﬁwzk_
%@khfﬁﬁ,%@%,@Wﬁ@ﬁ%ﬁénfméﬁ,%ﬁwzb
GO HED kD, BAE, Mess0s®, KEmmmns e
ﬁm%@:énéoitﬁ%ﬁaawﬁﬁ%%ﬁ@wbutt%m@
%@:b@bwﬁéoﬁﬁﬁ%mmﬂaﬁﬁ,ﬁ%%ﬁéﬁw;%~
ﬁﬁ%&&ﬁ&m,LHmEﬁ@bDTEE&&D%E@E@?%,




R Ik E Ny, BUZ HFEEEDS T & 22\ ie & ORHME 2 B B
COEDPOERELT, k7eh, BESkE b oh, Ege
Y

BWRFOLD 2, HERE B85-80, MH0as8n Snh,
RICFERB RV E SRELBW SN2, b2BOBMEER>SES
REWLE D NN—F 2V UFROBERETT 2 L3b 20T, HE%E
ALTRB L 2B ED &S BEERIKA T3 0HERT 5 2 LHE
BEThs, ZOFACE, BRT2EROBAEHIET 2 2 L ok
FHEET 2,

BB, B2 ICETL TR, BEEBCAEET 315 1n),
SOWRERE D3y, FEROFBEEELETIEDND & Ixd
XY, ERREEICECESL e 2B E LT wE, BEDBREED
EHT, JREEEHEEE TS 28I TR TV,

BB
BREO—DIL-F =352, L-F— Si3MIc A>T F—3
SYEROTEAT %, L-F—RRELE CORIERb H 2, L-
R— SO CHBES N D QRMISIT 3 1 — SBURESRERIL =] » 0ft
ATRERER 50D 1 FsTIe8TE, BWEFSE® 2 2 L2357
E5EI > TVE, ZOE»IZ, HEEECETINLTWS Fe
”5V?Wﬁ§%%77?§9y,MWT@?%%wnuku—m
SYDTINTYARRBET B12DR T 2F N3 Y > OFEE R IIES
5PV CH EBNBBIZHAVLRT VLS,

7 oK FE

TRAS LR U < BIE B D THAEIZ 2 D v, EDB0EY
DEE DIFERDO—EZ, ZOBAKESEBELTWBES LS,

BB B L RO KT BB D R DK IR L,
BADOKTRISEZ 5 &, T IZADES A WIRD 2 ORI
ZBRENPETLTL 5, - BHOBELETL, HBE RS

Rt ~F v om
FEHED 2 W BEE
BikEREr LTHVS A
BRUYIFPREY (F
PTYF, XEY P,
Abonarsp, Fo
RY Py, 47 F),
RUTHERM =R LT
Auwbhshz@EoHNL
P LIERE (F ety
Dy, YRy, o
WFFEL) REF~s3
D, BERGENER
BT EYORBIRE
ZT/i—F oV R
WHAMHBETZZ 28
3, Eiptii—rr vy
BT, BRBERESLE
BHEPHTHB &,
EEEMRMRICHIET 2
SEHBL, LY B
BERE - STREOE
BHBEIED, AEsxE:
FOTEBRICMS, iy
DRk z & YR B
TRIREOEBHEEET
60

R K 5E

HIE | RAHKLER

49



ZRICHT LI THAMEI D RT kD, SouEBichs
LDEPBWIZ LR MET BT OBEENETLTLE S, 277,
RS CTIEEREOBEED 1 OERFCT OBB o< Sk, *
72, BUOZL TR 2EBETREAY O ACKREL T2 B LDT,
TEBRIKFZLEERVEISIZHSENLTLES 2L b b2,
BATERS O E <25 &, BRRBSRL Kol Dbemonin L, &4
BEUWIZENR B3, &6 CERRBKERRC T, SHEsE
BRI L7 D, MEHEHE S N CIEER O RE LR L2 T 5,
BERICHE o 2 BUKER, S TROPEBRE 2863 2 e Bk
s, |
BAEDOFIICIEEE» S +AKDI 2 L2 2L THD, F ol
LEDHEZRACHBEDO S DMHI->THL T & L RBAGEDHE Z o 7z
am,%E@%ﬂtﬁ&kiomﬁwxﬁa%%%%mmot&%@
TEETH 3,

8 & I

HI & R OBE 2 EH T 2R EECH LTSI LD
BEDTERENTCET LB, F7bs BEn 5 12.52/d] LT,
ﬁﬁ&511@ﬁuuT@% 205, BIE, BTN, 5L 65, B

EHE, BRE, HER, BE SEED, EREEOESTCOE
EXFTED S5 5, EEREOBEMIZRBORR TR 503, R
R, BEEE, BERE L OBEARCES bOT, ZOBADOR
MOBERZ~AES o8 ~11g/dI BEDEWH DOMIT L A ETC, 1B
BRUEEGOENEL W UBEO/NREEGREETT, 27880 LT
OBEDITREL TR 28R HRIMTIE, S URT, SL2ES
BHY, FRAREEOREERL, SEHOBRSLEL RS, Wi
FOWBCES, &0 0H, AR TETFEGE, BEEEL © 0
MAPHRBIWC L 2HMA Lz L 2BMEEE L5 bhY, &
% RRROEBMRE, BARRESERRCEETHS, BE
T, BREET L 2BHAML S 2D, mF7V7%“Vﬁ,
REEREVE LI L0 T2, 20, &R, £
BH@MM®®K2ﬁ,@%%&aﬁ?f,ﬁﬁﬁ,ﬁMﬁgm,%

e
vk
.t
iy
P
s
b
2%
2
E
K

<}
§
B
&&.
St
3
3
§
pie

ke
&
B

y

RSREE

S S Oy A LA LA S

s

ol N P L i R



ST ROE - RIS, MR L O MR O LSS, B2 e
BEMORIER L LORC 2 FRMETA X bR 515,

MERRIE—REAEZSEETH 32, HHEEEOFEEED £ -k
E2bORDHEOT, HEEOERIE RS iR OR CEY S
SZERANHRETH S, UL, UTOZ L 3EREOREES S
2 A TCOEANEEE LTEETHS I,
QFEHEOENERICIIBD TREREAZITIH 25, BLYEH T,

FEE & VL2 EHENERR - B ERTE R LS OB B,

QLWL OEE DIITADEREL, SABHYZ A o455

A CHFEERRIET,
ORETERE LY v~ 715 L OBISEEE T, WA
LRTHERZRRTx 3,

QU % 5 W 2 BLER, TRIREE R & I8 RIS R o
LS 3, |

OUXRCET 340, LEOMEERLBEDT ALY —EEE
TL2EV, ZORIFEENKE », _

OB DAEEEORE L LT i, W LA (5-205 &
FAT7PA RRERABS ), 7L —VEERER S hh 5,
OEBHTEOENREOERORAD b DIF, THERLE Y LD
ET—EREETE—ETETH 228, ZRIZETERLEY
WBRBESEHTH B,

OLLOBEIEMEL D EER TS 2 2 i, BHLENERTH

500 RIFHID Wb D RBE % CoMBIcBETH L, 2 LT,
SRRME BT EOBROIR L 5 HT, LERED IS
TEREB 2L BT ETWRBAIRRC 270,

B3E | BRMSCER

s



i (&
wIREA

KRR RESE SRR
oA IR g

KT L



L Bl b5 BORTL LA

BECADC U > TERAN B L TUEETA, NEBHEDE &
%a5§m??.%mc&%aumﬁgwﬁéaomﬁwséﬁ%<ao BhASHS
CREZETDLSICHDET, #i, EiTe2& T BT ARELZARICEL

EEEDET, u@ck?&%’fﬁ’m’@sszh.divt ﬂﬂ&mlu_t%@:b\ SHRER<BLT
WEFET,

REEZE I BHREELS OES B R BBREE Y
REHEDERD TR ORME R - TI5S, EsiEgEs RIE d:“"‘litﬁ?‘%

80913
70%L) E80% 5E35 D
70%%A 5 b

p,

% 2o~44;ﬁ0>75$ﬁ,%kd>zlzi’3f ua‘m@%(ﬁaua L’CBEJPEE"% ’&%L\é)
* ok [ BHXTRREICE T 3 BEEST .

(i B3 : ERMSmEeE DT (20005 EKETER) .
HERHEE18:76-82, 2001 L1 HESH)

151



BORSESOHYTBRIE, —RIICHIES (RO SRE TRENEY. R

ZBEDBBIEHALCETLUTNETTA, T TIIERRICBEOETHRRCET

Lxd, BERAOBBCHBRLT, BRBE A0 %REBELDLBERD TN,
10 %EEE D E SYSAE SoWanEY. BRARETE, BRFECHERER
= R ERT 10%EBE, B0 mATEREIMU EASERES TN TVEY. —
75, BHTE 50 BATIEB%TT A, 80 mAEBRDEH 20 %BITEMUET.

ZDESHEBEORVE, SLOESREBNAEDTSDEFREBEBRECHEN
=4 zUT, BEOESUCRERESHOEES, ABESWENEH, BEERE
FaEAERSRILET. &<, REBENEHEELEDDRADE~10%%45
5, BEER(20~40 %) RV TSV BEE D ORERBEZ>TVEY. BHEFKIE
i, < OBSEEEERESDEEAN, BEEDFHOLHICEREHLORE
ESF, DELCHUTRETNERETY.

04

20 40 60 80
£t (%)

miglce bh 3 BEEL




B (&
PRI

KRR B R
PrRZE BT BB B

KT L a5t



O EEROBN - B T

). FHHUSE

EYASLAE L, E<DBERIBERDRD, EIFARET DRICHERT BIHICE,
E%%%&%%?%%Eﬁ%@%?.%#HE@byh&yﬁﬁﬁ,%éwﬂﬁt$o
TOWAET DI EHTRETT.

ENASZIE EFIHY DHICE, BOEREEDNIVY T LOBEAKXITT. B
mEn THARAOSSEEL 005 £EF TE, T0AMETESET B 750
mg,aﬁflE&mmgwﬁwyvA@Emﬁﬂgatntmiﬁ.ﬁwyvA@¢
S ACOIER, BN BE - SEASOBRPATREICEEFINTNITOT,
NEOEMEBHENTBLSCOAFDIICLEVLD.

ATty )
P 5
3

5¢n g FULAROYSS

q{i

R
T

5 i
= .

" v.\. .-‘. oy

o

BEOTEBADIT

i3y
i

S

[ ]
o
S

AL LDEVEE




IE‘@E’_L

;‘73)[// h:*

e, BRUE7IIVS D BN TEC BB S =hIcE, EYSY D
PESTERTY. EYIY D BRETERDERC &> TERESNETOT, B
NOBRAHS S BRRIEFHICEENTT. Lis, BESEELECEELR
BE52, BEEMITES2TEOAAEYTY.

COESHEFHICEHDDET BRATRAT COMENIIBAICE, PRI L3508
EISICHDEY, BE, BESEARICALONTNBERELTE T+ 2
w*—hﬁ%@,EEEME@%ﬁﬁbiﬁ.Z@ﬁﬁt%%ﬁﬂﬁ@i)[h P4
SV Ke IANOSVERA, DY NZVBABEHBDET. TNSDESIDAA
Eﬁ,ﬂﬁﬁtﬁﬁﬁﬁgt%wbwmwﬁﬁlEah%%ﬁ%@%%@ Z2UkE
BB CABREIC DL TR E LBV TE< ELNTL &S,

AFRTAVSATLS B B

FIECE
ﬂ'}bEJ

Ey= JDs




19)Hirao K, Ohnishi T, Hirata Y, Yamashita F, Mori T, Moriguchi Y, Matsuda
H, Nemoto K, Imabayashi E, Yamada M, Iwamoto T, Arima K, Asada T: The
prediction of rapid conversion to Alzheimer’ s disease in mild cognitive
impairment using regional cerebral blood flow SPECT. Neurolmage 28:
1014-1021, 2005.

20)Kikawada M, Watanabe D, Kimura A, Hanyu H, Serizawa H, Iwamoto T:
Autoimmune hemolytic anemia in an elderly patient with primary Sjégren’ s
syndrome. Internal Mrdicine 44: 1312-1315, 2005.

21) Hanyu H, Tanaka Y, Shimizu S, Iwamoto T: Differences in MR features
of the substantia innominata between dementia with Lewy bodies and
Alzheimer’ s disease. J Neurol 252: 482-484, 2005.

21)Shimizu S, Hanyu H, Kanetaka H, Iwamoto T, Koizumi K, Abe K:
Differentiation of Dementia with Lewy Bodies from Alzheimer’ s Disease
Using Brain SPECT. Dement Geriatr Cogn Disord 20; 25-30, 2005.
22)Kikawada M, Iwamoto T, Takasaki M: Aspiration and Infection in the
elderly -

Epidemiology, Diagnosis and Management. Drugs Aging 22: 115-130, 2005.
23) Iwamoto T, Fukuda S, Kikawada M, Takasaki M, Imamura T: Prognostic
implications of swallowing ability in elderly patients after initial
recovery from stroke. Journal of Gerontology: MEDICAL SCIENCES 60A: 120-124
2005.

24)Kikawada M, Iwamoto T, Takasaki M: Aspiration and Infection in the

2

elderly — Epidemiology, Diagnosis and Management. Drugs Aging 22: 115-130,
2005.

25)Shimizu S, Hanyu H, Kanetaka H, Iwamoto T, Koizumi K, Abe K:
Differentiation of Dementia with Lewy Bodies from Alzheimer’ s Disease
Using Brain SPECT. Dement Geriatr Cogn Disord 20; 25-30, 2005.

26)Hanyu H, Tanaka Y, Shimizu S, Iwamoto T: Differences in MR features of
the substantia innominata between dementia with Lewy bodies and
Alzheimer’ s disease. J Neurol 252: 482-484, 2005.

BRI
27)Kuzuya M, Ando F, Iguchi A, Shimqkata H. Effect of smoking habit on
age—related changes in serum lipids: A cross—sectional and longitudinal

analysis in a large Japanese cohort. Atherosclerosis. 2006
Mar;185(1) :183-90.

28)Kuzuya M, Ando F, Iguchi A, Shimokata H. Preproghrelin Leu72Met variant

76



Original article

Huclear
Medicine
Communications

Functional interactions between entorhinal cortex and
posterior cingulate cortex at the very early stage of
Alzheimer’s disease using brain perfusion single-photon
emission computed tomography

Kentaro Hirao™? Takashi Ohnishi®, Hiroshi Matsuda®®, Kiyotaka Nemoto®®,
Yoko Hirata®, Fumio Yamashita®, Takashi Asada® and Toshihiko Iwamoto®

Objective The cause of the reduced regional cerebral
blood flow (rCBF) in the posterior cingulate cortex in the
early stage of Alzheimer’s disease has not been clarified. in
Alzheimer’s disease, the posterior cingulate cortex itself
shows little neuropathologic degeneration, and a hypo-
thesis explaining such a discrepancy is that the functional
impairment in the posterior cingulate cortex reflecis
remote effects caused by degeneration in distant but
connected areas, such as the entorhinal cortex. To test the
hypothesis, we investigated the functional connectivity
between the entorhinal cortex and posterior cingulate
cortex.

Methods Sixty-one patients with probable Alzheimer’s
disease at a very early stage and 61 age-matched healthy
controls underwent both brain structural magnetic reso-
nance imaging (MRI) and single-photon emission com-
puted tomography (SPECT). Voxel-based morphometry
was performed on MRI data to identify clusters of
significantly reduced grey matter concentration in patients
with Alzheimer’s disease relative to controls, which were
set as volumes of interest (VOIs) for correlation analyses of
SPECT images. We then used adjusted rCBF values in the
VOIs as covariates of interest in statistical parametric
mapping.

Results Voxel-based morphomeiry demonstrated a signif-
icant reduction in grey matter concentration in the bilateral
entorhinal cortex in Alzheimer’s disease. A positive
correlation between rCBF in the entorhinal cortex as VOI
and that in the limbic and paralimbic systems, including the

Introduction

Alzheimer’s disease is a neurodegenerative disorder
leading to amnesia, cognitive impairment and dementia,
and is associated with pathological neuronal changes
resulting from the accumulation of B-amyloid plaques and
neurofibrillary degeneration (NFD) [1]. Delacourte ez 4/
[2] reported that NFD with paired helical filaments tau
was systematically present in varying amounts in the
hippocampal region, not only in the very early stage of
Alzheimer’s disease, but also in non-demented aged
subjects. When NFD was found in other brain areas, it

0143-3636 © 2006 Lippincoit Williams & Wilkins

posterior cingulate cortex, anterior cingulate cortex, lingual
gyri and left middle temporal gyrus (P<0.001), was
observed in Alzheimer’s disease. Control subjects also
showed a similar correlation in the limbic and paralimbic
systems, but not in the posterior cingulate cortex.

Conclusion These results indicate that rCBF changes

in the posterior cingulate cortex may be closely related

to those in the entorhinal cortex in patients with
Alzheimer’s disease, thereby supporting the ‘remote effect’
hypothesis. Nuc/ Med Commun 27:151-156 © 2006
Lippincott Williams & Wilkins.
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was always along a stereotypical, sequential, hierarchical
pathway, and the progression was categorized into several
stages according to the brain regions affected. According
to this report, the posterior cingulate cortex is not
affected by NFD at the early stage of Alzheimer’s
disease.

Morphological magnetic resonance imaging (MRI) stu-
dies have demonstrated that higher atrophy rates in the
medial temporal regions, such as the entorhinal cortex
and hippocampus, are observed in the very early stage of
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Alzheimer’s disease [3—6]. Moreover, recent advances in
computer-assisted statistical imaging analysis have re-
vealed that subjects with very mild Alzheimer’s disease
typically show abnormal metabolic and regional cerebral
blood flow (rCBF) patterns even at the preclinical stage.
Using glucose metabolism positron emission tomography
(PET) with a voxel-by-voxel statistical analysis, Minoshi-
ma et @l. [7] reported that the earliest changes observed in
very mild Alzheimer’s disease occur in the posterior
cingulate cortex. This unexpected finding has been
replicated by other groups using both glucose metabolism
measurements with PET and less sophisticated measure-
ment techniques, such as rCBF measurements with
single-photon emission computed tomography (SPECT).
Bradley er 4/ [8] reported that reduced perfusion
appeared between the entorhinal and limbic stages
pathologically defined by Braak and Braak [1] in the
posterior cingulate cortex, as well as in the anterior
temporal lobe, subcallosal area and precuneus. Our
previous rCBF SPECT studies demonstrated significantly
decreased 1CBF in the posterior cingulate cortex and
precunei bilaterally in patients with mild cognitive
impairment (MCI), proposed by Petersen ez @/ [9], when
compared with controls at least 2 years before they
satisfied a clinical diagnosis of Alzheimer’s disease
[10,11]. We also reported a diagnostic value of reduced
1CBF in the posterior cingulate cortex to assist in
discriminating between patients with probable Alzhei-
mer’s disease at the very early stage and age-matched
controls before and after partial volume correction
[12]. Furthermore, 2 PET study demonstrated hypome-
tabolism of the posterior cingulate cortex in young
subjects with a high genetic risk of developing Alzhei-
mer’s disease [13].

The fact that the posterior cingulate cortex itself shows
little degeneration neuropathologically despite the sig-
nificant reduction in its rCBF or glucose metabolism has
been attributed to the possibility that the posterior
cingulate cortex reflects remote effects caused by
degeneration in distant but connected areas, such as
the entorhinal cortex. In a non-human study, Baleydier
and Mauguiere [14] reported that, in the monkey, the
posterior cingulate cortex receives inputs from the
parahippocampal gyrus, especially the entorhinal cortex,
as well as from the subiculum and presubiculum.
Furthermore, Meguro ¢z @/ [15] reported that lesions of
the entorhinal cortex cause long-lasting, reduced cerebral
glucose metabolism in the parietal, temporal and occipital
associative cortices, posterior cingulate cortex and the
hippocampal regions. Few in-vivo human studies on the
functional connections between the entorhinal cortex and
the rest of the brain, using neuroimaging techniques,
have been published [16], although the association of
atrophy of the medial temporal lobe with reduced rCBF
in the posterior parietotemporal cortex has been reported

in patients with a clinical and pathological diagnosis of
Alzheimer’s disease [17].

In the present study, using MRI and SPECT, we
examined the issue of whether functional connectivity
exists between the posterior cingulate cortex and
entorhinal cortex in humans, and whether the posterior
cingulate cortex is subject to remote effects caused by
degeneration in distant but connected areas, such as the
entorhinal cortex, in the very early stage of Alzheimer’s
disease.

Materials and methods

We studied retrospectively 61 patients (32 men and 29
women) with MCI who showed progressive cognitive
decline and eventually fulfilled the diagnosis of probable
Alzheimer’s disease according to the National Institute of
Neurological and Communicative Disorders and Stroke
and the Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) criteria [18] during the
subsequent follow-up period of 2-6 years. They were
recruited from 350 patients complaining of memory
impairment in an Outpatient Memory Clinic at the
National Center Hospital for Mental, Nervous and
Muscular Disorders, National Center of Neurology and
Psychiatry, Tokyo, Japan. They ranged in age from 48 to
87 years with a mean =+ standard deviation (SD) of
70.6 = 8.4 years. At the first visit, they showed selective
impairment in delayed recall (more than 1.5 SD below
the age-matched normal mean scores) of the word-list
learning test, story recall test or Rey-Osterrieth complex
test on neuropsychologic examination, without an appar-
ent loss in general cognitive, behavioral or functional
status. They corresponded to the MCI criteria and scored
0.5 in the Clinical Dementia Rating [19]. The Mini-
Mental State Examination (MMSE) score [20] ranged
from 24 to 29 (mean, 26.0 = 1.5) at the initial visit.

Sixty-one control subjects (30 men and 31 women; age,
54-86 years; mean, 70.2*7.3 years) were healthy
volunteers without memory impairment or cognitive
disorders. Specifically, their performance was within
normal limits (< 1S5D) on both the Wechsler Memory
Scale-Revised and Wechsler Adule Intelligence Scale-
Revised, and their MMSE score ranged from 26 to 30
(mean, 28.7 % 1.5). They did not differ significantly in
age or education from the Alzheimer’s disease patients.
Spouses of the patients comprised the control subjects
(not only spouses of the present patients but also spouses
of other patients with advanced Alzheimer’s disease).
None of the control subjects manifested cognitive
changes during the follow-up period of more than 2 years.

The local ethics committee approved the study for both
healthy volunteers and patients with Alzheimer’s disease,
all of whom gave informed consent to participate. All
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subjects were right-handed, were screened by question-
naire with regard to their medical history and were
excluded if they had neurological, psychiatric or medical
conditions that could potentially affect the central
nervous system, such as substance abuse or dependence,
atypical headache, head trauma with loss of conscious-
ness, asymptomatic or symptomatic cerebral infarction
detected by TZ-weighted MRI, hypertension, chronic
lung disease, kidney disease, chronic hepatic disease,
cancer or diabetes mellitus.

All subjects underwent MRI and brain perfusion SPECT
within 2 months after the first visit. The MRI data of a
gapless series of thin sagittal sections were obtained using
a three-dimensional volumetric acquisition of a T1-
weighted MPRage sequence (1.0T system; Magnetom
Impact Expert; Siemens, Erlangen, Germany; echo time/
repetition time, 4.4 ms/11.4 ms; flip angle, 15°; acquisi-
tion matrix, 256 x 256; one excitation; field of view,
31.5cm; slice thickness, 1.23 mm). For the pretreatment
of voxel-based morphometry (VBM) analysis of the two
groups (patients with Alzheimer’s disease and controls),
image analysis was performed using Statistical Parametric
Mapping 2 (SPM2; Wellcome Department of Cognitive
Neurology, London, UK) running on MATLAB6.1 (Math-
works, Sherborn, Massachusetts, USA). Using SPM2
software, the original MRI images were first segmented
by extraction of only grey matter, and the segmented
images were spatially normalized into the standard space
of Talairach and Tournoux {21]. Normalized images were
then smoothed with a 12 mm full width at half-maximum
isotropic Gaussian kernel to accommodate individual
variability in the sulcal and gyral anatomy. The VBM
analysis between patients with Alzheimer’s disease and
controls was performed by group analysis of SPM2 to
identify clusters of significantly reduced grey matter
concentration in patients with Alzheimer’s disease
relative to controls, which were set as volumes of interest
(VOIs) for correlation analyses of SPECT images.

Before the SPECT scan was performed, all subjects had
an intravenous line established. They were injected while
lying supine with their eyes closed in a dimly lit quiet
room. Each subject received an intravenous injection of
600 MBq of technetium-99m ethyl cysteinate dimer
(*°*™Tc-ECD). Ten minutes after the injection of #™Tt-
ECD, brain SPECT was performed using three-head
rotating gamma cameras (Multispect3; Siemens Medical
Systems, Inc., Hoffman Estates, lllinois, USA) equipped
with high-resolution fan-beam collimators. For each
camera, projection data were obtained in a 128 x 128
format for 24 angles at 50 s per angle. A Shepp and Logan
Hanning filter was used for SPECT image reconstruction
at 0.7 cycles/cm. Attenuation correction was performed
using Chang’s method. To calculate tCBE the lineariza-
tion algorithm of a curvilinear relationship between the

brain activity and blood flow was applied, as described in
previous reports [22].

Partial volume correction was performed for atrophy
correction in SPECT images using the above-mentioned
three-dimensional volumetric T1-weighted magnetic
resonance images, as described in previous studies
[12,23]. In summary, partial volume correction was
performed by dividing a grey matter SPECT image by a
grey matter magnetic resonance image convoluted with
equivalent spatial resolution to SPECT on a voxel-by-
voxel basis. In the present study, a fully automated
program for the partial volume correction, developed
using C** language, was employed.

The SPECT images after partial volume correction were
analyzed with SPM2. Using a template for *™Te-ECD,
the SPECT data were transformed into a standard
stereotactic space. The spatial normalization algorithm
of SPM2 was used for linear and non-linear transforma-
tion. A Gaussian filter (12mm full width at half-
maximum) was used to smooth each image. The effect
of global differences in rCBF between scans was removed
by proportional scaling with the threshold at 20% of
whole brain activity. Using MRIcro (http://www.psycho-
logy.nottingham.ac.uk/staff/crl/mricro.html), we checked
the mask image for statistical analysis and verified that
medial temporal regions, including the parahippocampal
gyrus and hippocampus, were encompassed in the
analysis. The rCBF values of the VOIs identified by
VBM analysis in SPECT images after partial volume
correction were extracted for each subject. The values
were then adjusted using the equation, 100 x (rCBF of
VOI)/(each global cerebral blood flow), and were treated
as covariates of interest. Intercorrelations between
different brain regions were analyzed using SPM2 to

investigate functional interactions according to Horowitz
er al. [24].

Results

The VBM analysis demonstrated significant reductions of
grey matter concentration in the left (=16 =7 15, x y z;
Z=1746) and right (18 -9 —16, x y g; Z=7.45)
entorhinal cortex in the very early stage of Alzheimer’s
disease compared with controls (P < 0.001, corrected for
multiple comparisons, Fig. 1). These areas were set as
VOIs (1.4cm® for each hemisphere). We used the
adjusted rCBF values in these entorhinal cortex VOIs as
the covariates of interest for correlation analysis of rCBF
SPECT. Adjusted rCBF values in the entorhinal cortex
VOIs ranged from 42.3 to 142.1% (mean + SD,
83.4*+17.6%) and from 67.4 to 112.2% (mean * SD,
88.4 = 10.5%) for patients with Alzheimer’s disease and
controls, respectively. Patients with Alzheimer’s disease
did not show a significant reduction in grey matter
concentration in the posterior cingulate cortex compared
with controls, even at a lenient threshold (P < 0.01).
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Correlation analysis (P < 0.001, corrected for multiple
comparisons) revealed positive correlations between
rCBF values in the entorhinal cortex and those in the
limbic and paralimbic systems, including the posterior
cingulate cortex, anterior cingulate cortex, lingual gyri
and left middle temporal gyri, in Alzheimer’s disease. In
contrast, control subjects showed positive correlations in
the limbic and paralimbic systems, but not in the
posterior cingulate cortex (Table 1, Fig. 2).

Discussion

The VBM analysis demonstrated a significant reduction
in grey matter concentration in the bilateral entorhinal
cortex in the very early stage of Alzheimer’s disease
compared with controls. The entorhinal cortex is a well-
known site in which pathological changes of Alzheimer’s
disease occur, even at a very early stage [25]. This result
corresponds to previous VBM studies [3-6]. Therefore,
we believe that the results of VBM analysis confirm that
the profile of SPECT is suitable for the aim of our study:
the investigation of the functional interaction between

Fig. 1

Orthogonal sections of Statistical Parametric Mapping 2 (SPM2)
results for significant decline of grey matter concentration in patients
with very early Alzheimer's disease compared with age-matched healthy
volunteers (- 16 ~7 15, x y z; Z=7.46; 18 -9 ~18, Xy z; Z=17.45).
These regions correspond to bilateral Brodmann areas 34 (dorsal
entorhinal cortex). Height threshold, <0.001; corrected for multiple
comparisons.

the rCBF in the entorhinal cortex and posterior cingulate
cortex at the very early stage of Alzheimer’s disease.

The more limited spatial resolution of SPECT scanners in
comparison with PET does not allow an exact measure-
ment of the local radiotracer concentration in brain tissue,
as partial volume effects underestimate the activity in
small structures of the brain. As focal brain atrophy
accentuates the partial volume effect on SPECT
measurements, actual rCBF values could be under-
estimated in the entorhinal cortex in Alzheimer’s disease.
To obtain accurate rCBF correlation between the
entorhinal cortex and other brain areas, rCBF was

Fig. 2

Healthy volunteers

womd -

Aizheimer's disease patients

SN,
LN

Maximum intensity projections of Statistical Parametric Mapping 2
(SPM2) results for functional connectivities between the entorhinal
cortex and the rest of the brain in healthy volunteers (top) and patients
with Alzheimer's disease (bottom). Height threshold, <0.001;
corrected for multiple comparisons. Local maxima of regions of
correlated regional cerebral blood flow (CBF) are given in Table 1.

Table 1

Local maxima of brain areas in which regional cerebral blood flow (rCBF) is correlated with that in the entorhinal cortex

Coordinates {mm})

Structure X y z Z-score
Healthy volunteers Left amygdala -18 -7 -15 Infinite
Right amygdala 18 -5 -13 Infinite
Right parahippocampal gyrus (BA35) 24 -26 -14 5.41
Right superior temporal gyrus (BA21) 53 -2 -10 4.81
Left insula -40 10 o] 4.8
Left parahippocampal gyrus (BA36) -22 -34 -10 4.5
Alzheimer's disease Left amygdala -18 -7 ~15 Infinite
Right amygdala 18 -3 -15 Infinite
Right parahippocampal gyrus (BA38) 22 -36 -13 6.44
Left parahippocampal gyrus (BA386) -26 -34 -13 6.03
Bilateral posterior cingulate cortex (BA23) 0 -63 14 5.66
Right lingual gyrus (BA18) 12 -72 -3 5.62
Bilateral dorsal posterior cingulate cortex (BA31) ] - 11 47 5.34
Left lingual gyrus (BA18) -4 -72 -3 5.12
Left anterior cingulate cortex (BA24) -4 37 0 4.85
Left middle temporal gyrus (BA21) -53 -1 -10 4.81
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corrected for the partial volume effect in the present
study. Although the correction for the partial volume
effect has been reported to decrease the regional
metabolic or rCBF difference between patients with
Alzheimer’s disease and control subjects [26], the
decrease in intersubject variations of adjusted rCBF
values has been reported to increase the statistical
significance [12].

In the present study, correlation analysis showed positive
correlations berween rCBF values in the entorhinal cortex
and in the limbic and paralimbic systems, including the
posterior cingulate cortex, anterior cingulate cortex and
lingual gyri, in Alzheimer’s disease. In contrast, control
subjects showed a correlation in the limbic and paralimbic
systems, but not in the posterior cingulate cortex.
Meguro er /. [15] reported that lesions of the entorhinal
cortex in non-human primates cause a long-lasting
reduced cerebral glucose metabolism in the hippocam-
pus, the inferior parietal, posterior temporal and posterior
cingulate cortex, and associative occipital cortices.
Insausti er @/ [27] also reported that the entorhinal
cortex has connections to the limbic and paralimbic
systems, including the anterior cingulate cortex and
posterior cingulate cortex, insula in the temporal lobe,
parainsula area in the parietal lobe, dorsolateral frontal
cortex and an orbital region in the frontal lobe in the
monkey. Our results in patients with Alzheimer’s disease
agreed well with these experimental results. With regard to
control subjects, who showed similar correlations in the
limbic and paralimbic systems, but not in the posterior
cingulate cortex, Meguro ¢ @/ [15] have demonstrated that
the degree of reduced cerebral glucose metabolism in areas
that have connections with the entorhinal cortex correlates
significantly with the severity of histologically determined
damage in the entorhinal cortex. In Alzheimer’s disease,
the entorhinal cortex may be more markedly damaged than
in controls, as adjusted rCBF values in the entorhinal
cortex VOIs were approximately 6% lower on average in
patients with Alzheimer’s disease than In controls.
Although our correlation analysis showed connections with
the entorhinal cortex more strongly in patients with
Alzheimer’s disease than in controls, this may simply be
due to a smaller range of adjusted rCBF values in the
entorhinal cortex VOIs in controls than in patients with
Alzheimer’s disease. Although Mosconi ¢ @/, [16] reported
the loss of entorhinal cortex correlations with cerebral
cortices in glucose metabolism in patients with more
advanced Alzheimer’s disease, the entorhinal cortex
correlation with the posterior cingulate cortex was observed
in patients with Alzheimer’s disease, but not in healthy
control subjects, in a similar manner to the present study.

Conclusion
According to an SPM approach to rCBF SPECT, we found
enhanced functional connectivity between the entorhinal

cortex and posterior cingulate cortex in Alzheimer’s
disease at the very early stage. The results indicate that
rCBF changes in the posterior cingulate cortex may
positively correlate with those in the entorhinal cortex
through this functional connectivity. Taken together, our
results may support the existence of a ‘remote effect’.
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