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b E 1 FTLD-U DERBEH IO W TOREED S
T Wiz, 2004 £EiT valosin-containing protein (VCP)
2330, 2005 £ 4T charged multi-vesicular body protein
(CHMP2B) %2 8, FTLD-U O¥FEST 5 EET
YUTEES RS, e DBRETERCS DFFES
Z FTLD B2 ¥ THy, T0%b FTLD DFEEIT
A5+ 2 BETFORIEPRITONTE T,

X, JOs5=aY> (PGRN) & TDP-43

yoBEREYA 70T 2 7 VEEERD 1 2THY,
v tzaF 2 INDES L R ERE R EERRE
BE? LT, BRI YBIEENIF 7E, AD®D
NFT OEEEETHY, »OFfLiz L3I FTLD @
HAEDBREETLDH 5, FTDP-17 KRBT 25
o BEF (MAPT) EEORIEIKE BHIRTH oD,
yoERI L DBEITE 3 FTLD R—#5THY, 5%
g% PTLD ORfECHEST 2 BETORFIHRY 51,
X 5% ¢ 2006 i MAPT » 51.7TMbDT SIS K
gy 57077 =2V Y (progranulin © PGRN ) B
FEEHREE NI,

PGRN I, acrogranin, epithelin precursor, proepith-
in L bHERZIELY YT 7 2 Y —DEERF
BB, ¥ IFRTF RIS 7.5 EORDE LHEE
2T 2AWEHRTH D, PGRN F7aF7—Ei&h
YIS, 496 KDa 07T Fictilia i, FhENLD
RFFR (FF=a) VA-GENRTTT=a YY) B
S—SHEAE LIV AARTOVNELEDE NieEEr %
b, b, BUEETE, KEE, BEBELC B AEREE
33520 PGRN DOHERRET & LT OYEFRSHEES L
258, BAT®O PGRN, 77 =2 ) v OEYZHFRIC
SWTRIEEALHIS N TR,

FTLD @ 199 K% I B T 66 BED PGRN EET
EEAAEENTWEERELT Y ¥ 13 A0 T T
DE7 Y ViEhioTBY, Fyievy ARE(14HE), A
734x%4b££@ﬂ@,7V—Ay7r%%hTﬁ
A IREEE (34E) pEIohTw» D, TDEOREX
X nEEOERICIVRET VD EEIX PGRN
BEENETLIen A 47 77 w73y ay (loss of
function : LOF) itk D FTLD #35ET 5 2 & 2REL
T3, 8 bIEES D LIk, PGRN ZER FTLD i)
=7 ¢, AD, EEREEBIRRELE (amyotrophic lateral
sclerosis © ALS), 2€—3F ¥V ¥ (Parkinson disease -
PD) 7 £ OREEHERICB LT REEAZ 1D =
ETH, PRGN @ LOF BB REREICB LT
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R R ERT A URESTREN TV S,

PCRN BEFORE»5IEER{ LT, ENEATS
% TDP-43 (TAR-DNA binding protein 43) 2% FLTD-U
@EE&%&%ET@%Ckﬁ%ﬂéﬂwJ%RNﬁi
Kib%ﬁbfu%?ﬂb%ﬁ@,ﬁﬂug@m%ﬁ
w,18#%Vﬁ%§ﬁkﬂw43m%®&7%ﬁﬁ&
Wﬁ;vmmgmwﬁxﬁtLTWEqua:tﬁ%
S ENIZ,

TDP-43 i35~ T DI — Bz FER L T 25%H

EQTHY, BE, ATIA YV, mRNA BERZE -

~OE5 (Buratti, 2008), ¥4 79 RNA (miRNA) @
a5 T 5 (Gregory, 2008, bed & TDP-43
DS ALS EBVTRHENIZLDTHY, D
@ﬁﬁm;bAD%EEB@—%K%TN%@%@@%
SEYIRNEES N, 2O L6, FTLD ® ALS I
o+, AD®DLBIZEWTS TDP-43 55T
#Ef=F (TARDBP) DESHEEEND, REEZ TOFT,
TARDBP NZEi FTLD ® AD KB RHEN TV &
WS, FHEMES & UHITEH ALS BEIRBL TR (DD
@E&ﬁwgénfﬁo,:@i%ﬁﬁ%a%ﬁ%%ﬁ
75ME7E 1 TARDBP OBISHHEE SN TV 549
FTLD 0¥ zh 2 &EF £ LT, MAPT, GRN,
TARDBP BEIE & {17z, & 61T, Egj==2—1 VRBE
5 PTLD RRIT 1% 9p21-13 £ OBEEMRENTH D,
T ORIEI b BRAEOEETFORSSEESNTY
B,
utwﬁ&tADﬁiﬁFﬁD@%ﬁm%b%@E
FEROREOMB, HHEEERFORIRICAS Tm
BrEz b Ekole, B 2ABEBETOIDLD

ARETFOMSE, bRE NS AD 8 & U FTLD OffiE

%ﬁﬁ%@ﬁ%m,ﬁ%ﬁ%ﬁbam%%ADﬁ;@m
FHTTLD OREREFrERETT O TRZLS,
FAD B X USiRlE FTLD OFSFERF OBEREMALER
EEOBBI b RE KLY N B I EPEIFINTY
5,

X, JE—#E2 (CNV), miRNA SHHEEE

S ¢ —$Z 8 (copy number variation : CNV) 13,
¥ ) neaoNnDd 1kb LEDEDEL THVEROE
E?@ne—ﬁwﬁifﬁéﬁ,u%m%ienfmt
LY HSEHOCNVEHILND rywenry, 5TR
7,000 B EDBEFIC2WT2 FEMED CNV 255
BT ENHISN TS,

2006 &1z, CNVOAZ U —= I XD FADDS

%25 2012F2H8

o

R




KRIZBWT APP BEETF2EBEERO CNV 2L s
Nz, 20 CNV i, 0.58~6.37 Mb 0 5~12 BETF
ZEDEEO CNV Tho7z28, WiFh b REET CAA
Zf#5 AD Thotz, ZOEEWR, APP Do v —KonHE
Mk AD BRELEZZLERLTWED, £ T
HBL, bbby MEREEEREICLY 212148
BOBECIVRETIEETH SN, TOERII
APPHEENTHB Y, —EEBULEEL S Y Vi
X AD OFRENEBI 2, ZOEEY APPEETFOESE
& D AD DFESHEI 52 L O—FITH B, FiE
BHEPDIEBTZ a ¥ X7 Vv4 v EBEFOCNV S
HIFEE N T B 950,

INSDHERIE, BEEEROUBICL VT 20RE
HERBORERF L LT, BEDEETFOI -k
MPERE L TELONE L #RELTY 5, APP &
GEFOIAC—HOEMZ LD FADBEBEVEL - L%
RBETE2TEL, 7Iiu4 PRy — MESisr i
TOHMRTH DB, E5I50%EED APP FHED -
HiZ, CNVIZEeFEd, 8x8FEh5-H30ix3 -
BTHOFERICL-THRINVELIDT, 0L iE
W2 APP HEBREOEMIZ AD DOV R 7 2k s €iE
BryELEND, ERBICAPP D7 uE—9 —4EROD
KEIZLD, APPFIRLV~ANHS 1.2~1. 8 ML T
HEADERFRMN, A7V FERVE-TERHRERTY
%51,52)

BEFOEEZTTHL, FAD®FTLD ORZICE
W TRREEF OB RENRHENT WS, fz
iX, PSEN1DOx 7Y > 90Kk, MEENOKED
Ay I T—NT T R ET 5 AD DR 25|
&I T, FTLD KFZ BT 3 PGRN £ MAPT DX
KHH|ESNTWBE, MAPT OEHRENZ 7Y v
6~ 9 DEFIZHE SN TV B, ZOFHKEIC &
DEEINZY T, A 270F a7V EDRBEEBET
LTEY, MAPIB L X DA TB I ENRENT
Wo, ZOEIBEHREBETFIZLIDI—FENES
T HHREEMORERE RV ES,

TEMRNALE ODWTOHENERBINT & 72,
miRNA BAEEON S 2% RNA Th D, mRNA OHHE
ZREL, HBVIIENRNA KEES L TEERDER
FHERREZHAFL TR EEZLNTVS, £ b7/ A
i3 1,000 BEM LD miRNA 25 0 0% E0EETF
HEBWCEE L Tw2 LHEEEN TS, KTRIEHID
FBLL_E I STEEO miRNA BEEL TWw 3, EEe,
miRNA 7 v A i L 3B=EIZL Y, AD BT 5 miR-
07 ORENLETHIHESNTB VS, =0 miR-107
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DETIE AD ORE LB L Tw3 2 &, miR-107 ik
BACE1 @ mRNA &L, miR-107 DETIZ LY,
BACEImMRNA VA_AVBEET B 2 ENTRENT WA,
DI &5, miRNA OFA Iz L Y BACELI mRNA ©
EEVA_AVOEEWEIY, AD OREERERERT 3
EEZOND, BiL, ADEBEEQD VI N
miRNA 7 V4 OBFERPHRE S, BZED miRNA
(miR-146a) O EEBHREI LT E,

PlEea~7-5REZ, BEOEAOEEEMPERY
~VOEAR, FNIEZTTHEEEDOY A7 2F D, AD
P FTLD %z EOMREEMREE 2 BRI ¥ AN 2T
BLTw3, 2OXI% AD 22w T OREBREY Fig.
5 1ZFRT,

XI. AD-FTLD ZAXRI RS L4

AD ODEBILEEHICE, APEALY VEADH S,
ABIBADDEABOITBLIV T S 0d F7YEAF,S
7— (CAA) OIMEEZKEZL T3, ¥ VI NFT &
LT, ERELmRMIEG, d30uRI—2A 5070
BB WIFEMZERE (dystrophic neurite) & LTHELT
W3, —H, FTLD it WTIE, Yy 7/MEQthicy v
DUWESHD 51 (FTLD-taw), = E*F VBHEDHRE
We LT, MilREND 23N TDP-43 &L T
w3 (FTLD-U),

APP S AV AERIZ, IhETREEIFESN
Twa, 0% ADREPERL T2, ke
2T, KM670/671 NL DR = —F %8, V7171,
P, GOuXY FYER, VIISM D7 7 v AEE, VII5A
DRAVER, 1716VO 70 ) FERL B SN T L
%, APPZEEI AD 21 Th <, BEEHIIET 2 o4
F7 ¥4 ,3F— (HCHWA-D) (E693Q), CAAFHE
(Italian E693K), CAA ¥ AD O (Flemish A692G)
BEDCAARERHERT 3,

PSENZREBRBEECIITEESHFEI LT 5,
PSEN1 ZEDOKE S R ERMFEE AD OBFERE2ET
%, PSEN1ZZE» 2 D BVWHEEEEZEL w25 L
$, BEDTH URBED AD bBREE N TS, —
7, PSEN1ZEEOHZi, L113P, G183V, insArg352
D& S FTLD OEFREREET 2100 H 2

MAPT E&IZ, UBBEOEEN, TrlTzryy
I~BIE AL VAERE, 27V 10 & 11 OEDA4 v
Mo ZREENT WS, MAPTEEDE 7 3BEHKE
KRR FTLD TH Y, B Cy 7Bk, HEHEED 2w
E27°) TN OE AL (FTLD-taw) 23 2, MAPT
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BIEFRICLDIERT D AD DREE

APP BIZF

e

APPEE

FEEEREICLDAD
DEIEHE

APPRIRER |
miRNA

={ APP REOTE

ZEIE, BROCIEBD CBLEWERPET 2 2 Lo
BTHB, "—F> Y YERBHEIZT3FTLD
(FTDP-17), TBIEEMEI 215 3 FTLD, L0552
2dH2 FTLD 20 Th {,FEIZ & »> Tk AD BBl
RIERE BT 5, fl% 1 MAPT RA0GW 22813, TfEk
ETHET LY, B2 5 L FTLD OFER2E+ 5,
MAPTZEIZL D EREN2 FTLDtau B AR E
9% FTLD i3, £k 25%1E L Th v, K4 D FTLD
TRy vl 2835 VBkos Ak (FTLD-U) »
H bbb, FTLD-U O#EESIX TDP-43Th 5 = &
DALY, D TEFOREEFIZ PGRN © LOF
PESLTWE Z LNz E NI, PGRN TEIZS
i FTLD O 25% %587 5 L, 2 1uik MAPT D48
ErRIERLS 50w ThH2, MAPTZE L PGRN £&
Wk FTLD OREFBBIEZICES DEIKE v,
MAPT ZE£1 20~70 iR % Tlobi= D, PRGN T2}
30~80 iRIZ b7z o T 398, FHREER 2 RT3
£, PGRNEZIZ 61+ 9% THY, MAPTEED 48+
10 7% & R U THEERILEY, 512, PGRN EED
Izl AD OBBRRERZE2T 2 b0, H20ix ALS D
BEREXZET5b0b5H3,
INETIHARE LI CEFEEAOER 2+ 2%
EHREEOREERBCR L DB LIEENES 511
% (Fig.8)  APPR £ 7 VS —¥BLIU y ko145 —
FREBTVHLEZZTTABELTEATE 2 E
CAA MEEICIE L T3, MAPT iBFE % U vk
LEDYIET 22 T PHF 55 WIRERZERE L
L, TDP-43 :&8F Y VEt, 251, FoH4E
*ZUTFLTD-UDBREB L LTEND 3 LIZ§E
BAKHEELTWS, 2LT, PSEN O 177585 2 13
PGRN 0 63 BEOEERIIF & A L BETFLEICHI- 2

FAVE (AD) OFIE

ABA2/ABA0DER
ABEGDTUE

Fig.5 AD ORERE
Rademakers et al. Recent insights
into the molecular genetics of

dementia. Trends in Neurosciences
32, 451-461, 2009 & D HZE

LOFZETH 2, PSENOLOFEREF L LT AL &
NFT OkZE %% L, PGRN © LOF &3 FTLD-
tau & FTLD-U DWW ZERLT 2, L Lanss, 4k
PITEHoTH Fig. 5 IcR L7z & 5% AD-FTLD OfS
DBATHE BT 2 &5 RBREREZET 2L EHH 5
NTW»3Zeid, ADFTLD OFREE#SICEES N8
BhH2 L RiERsEs,

K. AD RSO

1980 S0 o NG EWE OB DS 11058
»5, ADBATEARMEEZ 2T £F1a Y
> (acetylcholine : ACh) DETHZEL W I & 23805
Wa N, AChIETIS 2 EHIFIFKOBIEIE LED &
Nizo AChHIBMETH 23 DT, AChEpkks
(cheline acetyltransferase : CAT) DIEMEALH], ACh 4
fiEB#3R (ACh esterase : AChE) DBHZEHAI, 2241 >
HAChZFEEOT7 T=2, =25 % ACh ZRMED
TId=Z b, AChZEETHDEA Y F Ay ¥y v —
DIEE 2 ENFEEOBE L kot 2DES5% AD D
ACh{RFHICED { BIZERFSE & £ 2 H S W CEEEIA
RENRENIz D, AChEBEEE:2ET 252
ThHolze LLEMNGY 2 ) ViZFOFEEED
WIE{BEASNAIEE LR 1ol

HRTLELERENZ L3122 ->72890 AD HE
B, 2—FADBEELE FARILTH o, Fae
IV, FFEEDOS % ACKE KB WERESET 5,
REFEEAZO AChE BHEAITH 525, 1989 Eir HA T
724 X 1IRBEMBBE N, 1991 FIKET7 =4 21
DEHAE 1, 1996 £F 11 AXEAREERS (food and
drug administration : FDA) 2 X DA &Nz, 7L T,
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APP
PSEN
PSEN2
) %  miEpEReR
@ < AD N .
< FTLD .
s
% CAA CAA+AD AD FTLD-tau FTLD-U
® RS “’*g;? ~7
\ - "‘*;w‘:; = _— £¢¢@ i?‘
Fig. 6 AD-FTLD AT T L g@!
Zee, et al: Neurology 71, 1191-1197, LH:HH
2008 & D% =

DAETIRI999E 1 BicBA 3N, FARYIVE
Ty 4Pt OEFERFEL 2D, HRATRLEREN
2 ADBEE Y B oz, 2006 RO 5 AETLE
HansETERY, 2007 FICEE AD X3 2 &It
MEA & Njz, £ LT 2010 Fid, KETEF A=W
23 mg SEMA M7z

K 500z i 15 SEROIRERRBRS A LT o, £
OFHEr EHERVHELLICENTWS, REFIRE
LT, 7E3% AD B3 (MMSE?22.0, ADAS co0g.20.7)
WOWTSEFO 7 v 0 -7 v 7LD, BARETE
MMSE (mini mental state examination) T6~12 &
DETHFEINIDCHLT, FARINVEERET
WBIE 3.8 Evd MMSE DETThH oz, 72, F &
~RONVBEC XD ERAFTE COMBEEN21.4 2 &
BRBIENTEILDHREDDH S,

RS, TRTOEBENRARYVERIGT 2D T
7, 3T AR ARV VERIGLEWZ ETH S,
MMSEBETR—AT4 o2l E%255 1%
FE, — 2 T RERG L RS LiHEiT, Fayvi
ETENHLVETAEDERZX6 A TT%, 18 HHTHIE
50%THo7z,

R~ VORGEFET ZERFIEDWTE  ORE
MR ENTERS, HI-->kERERLTFeNTWaRY,
RA_YVORGEFETE ZERER—271 0D
MMSE BEMREVD DIE FREBEVER LW LS
SWThY, Efh, 7TRE, 1HEHME, EilkEroR
BEEFET S LRTER Y, £, RERSOFER
i DWT, MCI 55 AD AD A 8— MHT 5 F 4

RONVOBZ6HBEE R ABEOEETEDVES D
DD 36 HATREEZERRD N TWR,

X, 2011 £E(C Erfiniz AD s

T &SRR, FEESTL WA 3 FILERRICEA
ENFOTHBD, WTFNLOEE L HFATIXD 5 10 FLUL
Eymic s Twa0THY, BTLHEFLY
HDTRE, 7272, UEziEhdETORFEINENC
BN TEbWE 5,

H5 vy 3viE AChE HEMFRICMA TACh =37
VBRI T AT aRT ) v 7EESREET 5%
FlThh, MEEEEEERIHAFINTYS, #RT
13 2000 ¥ v vz £ D ERa BRI TH 545,
HHRETIEEI P 0123 2 HEHRE R 0T,
Yoy 7 y—< L REERTEORFAKRG LR, &
BLRHRTHL 5N TSV E =— V@ (Reminyl® &
LCERFE 3 11720

FEG AV NNRF TSR ERENT, UNZTF
7 3 vk AChE HEfERIMA T, 77U N3 VxR
75 —VHEERE2ETLEETHY, /1NVT 4 AD
BEZEL 1997 E b 7w u v (Exelon) & L THFTHE
BanTekERTh D, hPETREGH Sy F&
e LTHEREEN, /AT 4 ARBA7En YNy
F, NFERTE,NS YISRAT vF - Ny FLLTHR
ENTr, —EREOBHEIETLIZADDORMATIE
AChE EM2METFLT, 7FUNa ) YT AT 7—EE
MDA EE o T B Z EPBEENTED, D
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TNTERERE U COUBHR TR T &
M5 1999 EICEHEN DEFMDER.

Ll | SELAUYETIAUE), ZLAYEY (=
NI=®), ATISZNGI2Y, BVt
FY(hSVY, 41770V (025 —
IHDEBAET =S L(RSH S VDL
HDBEDHI
L2
AChE [EEHA! IANOF Y (HRT)
(RERIN, UNRRFTZY, HSVHZV) NGF
NMDA HERFN (A Y F)
LRIV S i :
OEEDH OPNZ: & ORFRN—V 2
Q=& @ruINEZEL OmBANLZ
QrfREE O @MER AL 2
@ EE
BACE BBEHl, v =zoLy—TREEH GSK3 =!I, CDK5 HESH HPRN—2 2B
SEBEEAI(8 breaker) TH AT 7 I —EEEE HEafbEl
HEREESIERMEE] (neprilysin, IDE) Do ROVEEE]
FIOARIOFY

Fig.7 ADZEMOL <L

LI BREBEBOTINRAF I D7FIna) vz
AT 7 —EHEFERAPERNZEAEEZRLTWE I E
DBHFES N Tw 3,

VEE S BEHERLFEENT W AT F L, BH
FREXKDI DI F DOFEFRENEN b DD, FEE6
BizE—=#ho A< —§EL LTHFEES NI, AT
F >3 NMDA (N-methyl-D-aspartic acid) ZEEES
TERZ2BT3HEFTHY, bEdr P4 YOEESHT
HBRANVIEDEFEL, M T 2002 FELISE, HEEH
CEEDAD BERFEHRINTE T, bPETORREI
BEF, M) —-2EbY, TOROEHOBERR Y
T7AEA 77—~ 28T, HENCE—=&»s LT
ENBIEITE ST ATV F VIE, NMDA 2 V5 A4
FEEEAOERERE2ELTH Y, NMDA S5ED
EEFHJOREIHEIL T Ca DRAZIE S Z &2 & b #Em
faiFEWIC B tahTwa,

bhED AD BEER, W0ILEi > T X3 R {#HRE
DEBEEIBD OV Z L7220, SBIZ R AIN (7
Ve MM T, BHEO AD REEXHEROSTY
DESCEAL T PETIRTBIEDNRDOND T
L5,

XV. ADBBEEOZHE

ORETHEREINTYS H 5 »IESHOBEI IS
NTw3 ADBREER 3 DDVANVERS L TR
(Fig. 1o FARINWEMMEIZ V-V 1 & LT, BEER
VAN 2 DBEMETEH B AEELBE T LT & 251,
AChEHERI (7 v o2y, VRFII V) icL 2,
NMDA #Hi#F (A= > F )2 L 3, Bk TiERC 10
DiERir o ENTEREHTHE, WTLOESD
—EHEORABEE R WET 2 ERUEH (sympto-
matic drug) TH Y, AD OfFHEERE2WET 2EEIT
Bz, ULieddo T, HASYIC E—E 2 SRaeE
ENREBH oL LT, 48 BL HEET 2 L SRANEE
BR—ZAZAY2BZTETLTLES (Fig.8),

CDE>BEEM»DE, VA3 OESDEENEE
THY, AD OFRERZEZ D b 0 2HH L TRESED
ET 2 X 2 REEHE (disease-modifying drug) D
EPBHEN TS, Fig.TOV-V3IRLET 2 a4
FESICEDWEE, §vORBIETWRLEL, b
VSIS E R E L BRI 2 Th 3,

B, 7304 P AT — NV ERICES - SRR
BREIANCZE3NTE D, HFRROEE S —7 —»Hb
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HATWS, ULk, AD OREEHFIORERIL,
BIMEBROLV ANV ETRAL—RCEDR DD, B &5
CERBBRIEBLTIAEREBICEEY > TWw3E LS
ZBbh2, INETDEIS y 7 L7 —FEHF
LTHEIF S iz 2 v 7 v v B0 (r-flurhiprofen ;
Myriad #) % semagacestat (LY450139) & BAZErhlr#
REZLCENTBY, 7304 FT72F 00T bk
T LU DD WEEIISD TRV, 1092 £ fTbn
7e AD B D P-3 FRIRIEER (V7 o, 72 7ok
by 7oy, uyv 7Yy y, Fvevirnen,
EFFTEAT Y M) BuThbdantns, 20k
DRI 6T 204 P AT —FIREOZ Y, AS
BRENE/LTE FOREECHEILOOR, B L & b
LOMDFX vy 7, E6iidt MNERIBBROTESED
FLEHER L OBTHERINL TS,

SHOIC

AD it F OEEGOERE L & HICEMLIERT
b2, 9MHIEETOE FOFHEERIE, TV D%k
Bllizfevs, FEICHBIL CTEFERSETL, e Ly
WEFT 2EFEREES LT, TRESE, Fr
EBETT BEEE 2 TE 2 RS T2 L2 BE
LTEY, ZOREREL OEFEPEFELET, DA
PERAEGE CEFET L5k ol, ZOEREDRE
TR b 5 2 AEREZOHE P L WERETHZ Z LI
FEE Wiz, FRFCERAESEE OEnE v 8%
FEWADLZ Eiekot,

DV EIETEEEG, BEEOLE, BHEERE DL,
HEBREOAE—=RFOWTFNONTA—F—TRTH
ROy 770 F—Th3, ZOBEEHTLEOBRIC
Hizo TRHEKIC b Z ORI o b BEMBEEL T,
FLOHEY AT 28200 L, BAESHENESH
WEFOTHRLLTELY LI RHEPHBET I L
BEROENT WD, BCEERPHEETIHREL WS &
D, BHUEKELHREATEZ BEANEEL 1L
HENEETH 2, bPED, 2L THREOE M35
PREELT, BRHENEENVWEES TFOEFOKD
BLEEETEAIDLI IIRHESEBELRZINE LS,
V3,
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Non-pharmacological intervention for dementia patients

WING TO THE prolonged average life span of

human beings since the 19th century, the ratio
of the elderly population in the world has rapidly
increased, and it will continue to increase, especially
in developing regions, induding Asia. One conse-
quence of increased longevity is the growing preva-
lence of dementia in these regions, especially in Asia.’
In the year 2005, there were 13.7 million dementia
patients in the Asian region (5.5 million in China,
3.2 million in India, and 1.9 million in Japan) and
this number is expected to increase to 64.6 million
(27.0 million in China, 16.3 million in India, and 4.9
million in Japan) by the year 2050.' Reflecting the
faster increase of the elderly population in develop-
ing countries, more dementia patients will be
observed in Asia, and in other developing countries,
than in developed countries in the near future.?

Donepezil, a choline esterase inhibitor, was devel-
oped and approved in Japan in November 1999, and
it has been the only drug for Alzheimer’s disease
available in Japan for 12 years. This year (2011),
three new compounds (galantamine, rivastigmine,
and memantine) have been approved for Alzheimer’s
disease by the Japanese Government, which has pro-
vided alternatives for patients.’ Even though all of
these drugs, including donepezil, are only symptom-
atic,* the possibility of a choice of drugs is certainly
favorably accepted by patients and doctors. These
drugs will not cure Alzheimer's disease, leaving a
similar or even higher number of patients to be
treated.

Recognizing the limited benefits of the symptom-
atic drugs, the development of the disease-modifying
drug for Alzheimer’s disease is the urgent target for
research laboratories and pharmaceutical compa-
nies.” There are more than 100 compounds searched
for and considered for the disease-modifying drug,
and some compounds have successfully undergone
pre-clinical studies and have been put forward to
clinical trials; however, all compounds tested in clini-
cal trials for Alzheimer’s disease have failed to dem-
onstrate clinical usefulness in the past 2 decades.

The list of unsuccessful compounds evaluated
in clinical trials for Alzheimer’s disease includes

© 2012 The Authors

AN1792 amyloid vaccine (Elan, 1992), atorvastatin
(HMG CoA reductase inhibitor, Pfizer), simvastatin
(drug for hyperlipidemia, Banyu), Dimebon (anti-
histaminergic drug, Pfizer, 2010), Ginko biloba
(mitochondrial membrane stabilization, and anti-
oxidant effect), tarenflurbil (non-steroidal anti-
inflammatory drug, gamma-secretase modulator,
Mpyriad, 2009), phenserine (choline esterase inhibi-
tor, amyloid-beta production inhibitor), rosiglitazone
(anti-diabetes drug, insulin resistance, Glaxo-
Smith-Kline), tramiprosate (amyloid-beta aggrega-
tion inhibitor, Neurochem, 2007), and xaliproden
(5-HT1A agonist for amyotrophic lateral sclerosis).
After paying a huge loss of labor, time, and money,
researchers are still struggling to determine the reasons
for the consecutive failures in developing the disease-
modifying drugs for Alzheimer’s disease, discussing
the discrepancy between animal studies and human
clinical trials, the measure of efficacy evaluation in
clinical trials, and the validity of the amyloid cascade
hypothesis. Considering the difficulty of developing
new drugs for Alzheimer’s disease, it might be time to
think over the possibility of treatment from broader
perspectives.®® In this article, complementary and
alternative medicine (CAM) for Alzheimer’s disease
will be briefly reviewed® and the present state of non-
pharmacological treatment will be discussed.

SOCIAL ASPECT OF DEMENTIA

Dementia is a syndrome associated with a progressive
loss of memory and cognitive functions that is
serious enough to interfere with performing the tasks
of daily life. The loss of memory and cognitive func-
tion is caused by a variety of disorders, most com-
monly in the elderly by neurodegenerative disorders,
including Alzheimer’s disease. Dementia can occur to
anyone at any age from an injury or from oxygen
deprivation, although it is most commonly associ-
ated with aging. It is the leading cause of institution-
alization of the elderly. Along with the progression of
cognitive impairment due to dementia, the capacity
of performing the tasks of daily life is deteriorated. As
shown in Figure 1, complex social life capacity is

Psychiatry and Clinical Neurosciences © 2012 Japanese Society of Psychiatry and Neurology
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Figure 1. Most people notice memory decline when they
become 40 years old on average (subjective cognitive impair-
ment [SCI}), in which the whole capacity including social life,
personal life, and biological life are preserved. Some may show
mild cognitive impairment (MCI), in which social life capacity
is impaired. In dementia stage, social life capacity and personal
life capacity are impaired but the biological life capacity is
preserved.

(a) Social life capacity. (b) Personal life capacity. (c) Biological
life capacity.

gradually deteriorated due to memory impairment
during subjective cognitive impairment (SCI) and
mild cognitive impairment (MCI) stages, even before
the clinical diagnosis of dementia. When the diagno-
sis of dementia is given, the patient is no more able
to function in social life, and their personal capacity
will further deteriorate with the progression of the
disease; however the biological life capacity will be
maintained until the end of life (Fig. 1).

The tasks of daily life are different for each indi-
vidual, and the timing of diagnosis of dementia
may depend on the previous social and occupational
complexity of the patient’s daily life. If a patient has
higher premorbid intellectual function, it is usual
that the patient is not diagnosed as having dementia,
even though the pathological process in the brain is
far advanced, because the patient usually shows a
score higher than the cut-off value of a screening test
like the Mini Mental State Examination.’ In this
respect, even the diagnosis of dementia is influenced
by social factors,*® including premorbid IQ, level of
education, occupation, and complexity of daily life.’

The symptoms of Alzheimer’s disease differ for
each individual patient. At the onset of dementia in
some patients, certain personality traits that had been

© 2012 The Authors

that are specific to each patien
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well controlled in the past become accentuated,
whereas in others there is a ‘loss of personality,
where the uniqueness of the patient’s personality is
lost. Some patients show a more rapid deterioration
of cognitive function, whereas others show a slower
rate of cognitive decline. Some patients exhibit
various types of behavioral and psychological symp-
toms of dementia (BPSD), whereas others exhibit few
abnormal behaviors. Furthermore, the physical, per-
sonal, familial, economic, and social environments
differ between patients. Thus, each patient should be
evaluated as an individual in terms of the needs for
intervention, taking into account previous social
functioning, family structure, and the patient’s living
environment in order to deliver the most appropriate
care. Interventions for dementia patients need to be
individualized further, taking into consideration the

different genetic, environmental, and social factors
t.11~14

CAM FOR DEMENTIA

Although modern medical science has enabled
correct diagnoses to be made and proper treatments
to be initiated for acute diseases caused by exogenous
pathogenic factors, there are still numerous chronic,
incurable diseases caused by endogenous factors,
such as dementia, cancer, hypertension, diabetes,
chronic pain etc., for which there is no effective treat-
ment, leaving patients with these conditions to suffer.
To facilitate the better management of these chronic
diseases, recent attention has focused on the use of
CAM, together with Oriental and traditional medi-
cines*1*1* and non-pharmacological intervention.'?
CAM is defined by the American Cancer Society
as ‘...supportive methods used to complement
evidence-based treatment. Complementary therapies
do not replace mainstream treatment and are not
promoted to cure disease. Rather, they control symp-
toms and improve well-being and quality of life.’
In contrast, alternative therapies, or alternative
medicine, involve non-mainstream treatments that
are sometimes used by patients instead of orthodox
treatments.

Reflecting the lack of effective medicine to cure
most of dementia, including Alzheimer’s disease, a
variety of CAM are applied without supporting evi-
dences.!® Since the symptoms of dementia (even the
diagnosis, as mentioned above) are influenced by the
social factors of each patient, the effectiveness of
CAM is not guaranteed to all of the patients. Some

Psychiatry and Clinical Neurosciences © 2012 Japanese Society of Psychiatry and Neurology
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CAM are effective for some patients, but the same
CAM 1is not effective for other patients. There are
scarce data of the effectiveness of CAM and their
usefulness with scientifically verified statistical analy-
sis, which could be one of the reasons why so many
different kinds of CAM are tried in public.”

CAM for dementia include off-label-use of drugs,
Chinese herbal medicine, natural supplements,
food, exercise, leisure activities, lifestyle, and non-
pharmacological interventions. Examples of off-label
use of approved drugs (alternative medicine) for
dementia are Ginko biloba, acetyl-L-carnitine, leci-
thin, piracetam, curcumin, vinpocetine, phosphati-
dylserine, and others.'®

In Asian countries, Chinese herbs are traditionally
used for dementia and other medical conditions,
from which active components are extracted for the
treatment of dementia. Due space limitations, only
the popular examples are briefly described below.
Galantamine is originally extracted from Galanthus
woronowii, a plant of the Amaryllidaceae family, and
is now approved as the drug for Alzheimer’s disease,
marketed worldwide by Janssen Pharmaceuticals.’
Ginkgo biloba leaf preparations have been marketed
in Germany and France for 30 years for the treatment
of cardiovascular disease, cerebrovascular disease
and dementia, and are sold as natural supplements
in the USA and other countries. Huperzin A is an
extract from Huperzia serrata (Qian Ceng Ta) for its
potent acetylcholine esterase inhibitor action.
Huperzine A is widely used as an effective cognitive
enhancer for dementia patients in China and in
other countries.”® Ginsenosides extracted from Panax
ginseng are shown to improve learning and memory
function through the mechanism of increasing ace-
tylcholine level and also density of muscarinic recep-

i2
weeks
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tors.?! Ursolic acid extracted from Salvia officinalis is
shown to have neuroprotective effects and inhibit
acetylcholine esterase in witro, showing memory
improvement in clinical study. Epigallocatenin-3-
gallate is the active component of green tea, a
popular daily drink for Asian people, which has
shown to have neuroprotective and antioxidative
activity. Curcumin, an extract from the Curcuma
root, is shown to be effective for improving learning
and memory, which is also shown to decrease
amyloid-beta by gamma-secretase inhibitor activity.
Clausenamide, a major component of aqueous
extract from the leaves of Clausena lansium, has been
under study as a promising candidate for dementia
treatment. The list of the compounds extracted from
Chinese herbs is growing, and these are only some
examples of the compounds that can be developed
for drugs for dementia. A more complete list is avail-
able in the literature.?

NON-PHARMACOLOGICAL
INTERVENTION FOR
ALZHEIMER'S DISEASE

Four drugs (donepezil, rivastigmine, galantamine,
and memantine) are now available in Japan and
many other countries. The benefits for patients
treated with one of these drugs (some are treated with
a combination of acetylcholine esterase inhibitor and
N-Methyl-D-aspartate antagonist) are not satisfac-
tory. Even though the treated patient may show some
cognitive improvement for several months, they
show a similar level of cognitive function after 1 year
or so, showing the same rate of cognitive decline as
untreated patients (Fig. 2).

48
weeks

Figure 2. Broken line (- -) shows
natural course of cognitive decline
with dementia patients. Solid line
(—) shows the cognitive function of
the patients treated with symptomatic
drugs such as AChE inhibitors. Short
broken line (---) represents the cog-
nitive decline of the patients treated
with disease-modifying drugs.

Cognitive function

<
. -~
8 points decrease S
in ADAS cog. score ~o
in one year ~ o
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Table 1. Non-pharmacological intervention to Alzheimer
patients

Therapy Cognitive =~ ADL  BPSD

Cognitive training

Cognitive rehabilitation

Cognitive stimulation therapy

Snoezelen/multisensory
stimulation

Reality orientation

Reminiscence therapy

Validation therapy

Physical activity

Light therapy

Music therapy

Aromatherapy

Animal-assisted therapy - -

+ o+ o+ o+
+ o+ o+ +

o S S S S R
+

!
+ 4+ o+

ADL, activities of daily living; BPSD, behavioral and
psychological symptoms of dementia.

Patients, caregivers, and medical professionals
have been searching for an effective intervention for
Alzheimer’s disease, and there are a variety of non-
pharmacological interventions commonly applied
to- Alzheimer patients. The limited efficacy of drug
therapy and the plasticity of the human brain are the
two main reasons that explain this growing interest
in non-pharmacological intervention for dementia
patients. In Table 1, non-pharmacological interven-
tions are listed with the positive results of published
randomized controlled trials (RCT) that have
targeted at least one of the symptoms of dementia.
The symptoms are grouped under three headings:
cognitive function, activities of daily living (ADL),
and BPSD. Some popular non-pharmacological
interventions are discussed in the frame of two
main approaches: cognitive approaches, multi-
strategy approaches (reality orientation, reminiscence
therapy and validation therapy), and miscellaneous
approaches (Table 1).

COGNITIVE TRAINING, COGNITIVE
REHABILITATION, COGNITIVE
STIMULATION THERAPY

Cognitive training has been frequently mislabeled
or conflated with other ill-defined therapies, such as
cognitive rehabilitation, and cognitive stimulation
therapy. Cognitive training is defined as the struc-
tured practice of complex mental activity in order to
enhance cognitive function. An operational defini-

© 2012 The Authors
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tion of cognitive training, delineating from other
interventions, includes repeated practice, on pro-
blem activities, using standardized tasks, and target-
specified cognitive domains.” Cognitive training can
be further distinguished to include training in
applied memory strategies versus repetitive cognitive
exercises. Training in memory strategies involves the
instruction and practice of techniques to minimize
memory impairment and enhance performance,
and involves learning and practicing strategies, such
as the method of loci, mnemonics, and visual
imagery. In contrast, cognitive exercise requires the
repeated practice of targeted cognitive abilities in a
repetitions-sessions format: users typically carry out
a number of iterations of a cognitive task in one
session, then continue to new tasks in the next
session, and eventually return to further train the
original task at a harder level in future sessions (i.e.,
staircase design). Recently, several software applica-
tions have been developed that implement cognitive
exercises on computer.

There is evidence from a modest number of
well-conducted RCT that cognitive training, cognitive
rehabilitation, and cognitive stimulation therapy
confer modest but significant benefits in the treat-
ment of cognitive symptoms of Alzheimer patients.
A meta-analysis of longitudinal RCT of cognitive
training in cognitively healthy adults demonstrated
efficacy on primary cognitive outcomes.?

The systematic review found that cognitive training
can produce moderate-to-large beneficial effects
to MCI subjects on memory-related outcomes.
However, the number of high-quality RCT remains
low, and so further trials must be a priority.

Cognitive rehabilitation also appears to result in
functional benefits in Alzheimer patients. The modest
number of RCT focusing on cognitive training in
Alzheimer patients is consistent with the results of
larger cognitive training trials in healthy older people.

The best evidence base is for cognitive stimulation
therapy, although this approach is labor-intensive,
and requires further evaluation of cost-effectiveness.
There is currently no evidence that brain-training
games provide any significant benefit to people with
Alzheimer's disease.”

SNOEZELEN/MULTI-SENSORY
STIMULATION

The concept of Snoezelen was originally developed
in the late 1970s by Dutch therapists, Jan Hulsegge
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and Ad Verheul as therapy for children with autism
and other learning disabilities. Snoezelen or multi-
sensory stimulation (MSS) is visual, auditory, tactile,
and olfactory stimulation offered to people in a
specially designed room, which relates to the inter-
dependence of both the space (the physical environ-
ment) and the ‘client-centered’ approach of the
practitioner (the human environment). This spe-
cially designed sensory physical environment,
together with the input of the ‘enabling practitioner’
initiates changes in arousal by affecting the relax-
ation process, which aims to maximize a person’s
potential to focus on his own free will and to engage
on a motivational stimulus, and thereby to improve
communication and functioning. The clinical appli-
cation of Snoezelen has been extended from the field
of learning disability to dementia care over the past
decade. The rationale for its use lies in providing a
sensory environment that places fewer demands on
intellectual abilities but capitalizes on the residual
sensorimotor abilities of people with dementia. Prac-
titioners are keen to use Snoezelen in dementia care,
and some encouraging results have been docu-
mented in the area of promoting adaptive behaviors.
Positive results were reported across a range of
behaviors, including a reduction in apathy in people
in the later stage of dementia from two RCT. In a
Cochrane database review published in 2002, only
two trials were reviewed and no firm conclusion was
reached, even though both studies examined the
short-term values of Snoezelen on people with
dementia.”

REALITY ORIENTATION

Alzheimer’s disease patients may withdraw from
contact with others and the environment as they
become increasingly disoriented, which results in a
lack of sensory stimulation. To prevent this under-
stimulation from sensory inputs, ‘reality orienta-
tion’ was developed. It is based on the belief that
continually and repeatedly telling or showing
certain reminders to people with mild-to-moderate
memory loss will result in an increase in interac-
tion with others and improved orientation. This in
turn can improve self-esteem and reduce problem
behaviors.

Reality orientation can be taught to caregivers and
family members; it can be performed in the home
and should be structured around the area in which
the patient spends most of his or her time. For
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example, access to a window is recommended to
facilitate- orientation to the time of day and the
weather. Other than the environmental cues, familiar
objects to the patients can be used to stimulate their
memory in reality orientation, such as a family scrap-
books, flash cards, Scrabble games, a globe, and large-
piece jigsaw puzzles.

The effectiveness of reality orientation in dementia
was evaluated by conducting a systematic literature
review. This yielded 43 studies, of which, six were
RCT meeting the inclusion criteria (containing 125
subjects.) Results were subjected to meta-analysis.
Effects on cognition and behavior were significant in
favor of treatment. The evidence indicates that reality
orientation has benefits on both cognition and be-
havior for dementia patients. However, a continued
program may be needed to sustain potential
benefits.?

REMINISCENCE THERAPY

Reminiscence therapy is frequently used for patients
with impaired memorty, paying respect to the life and
experiences of the individual with the aim to help
the patient maintain good mental health. In one
approach, participants are guided by a trained person
to reflect on a variety of aspects relating to their lives.
This may be themed and centered on one period in
time or it may be wider and reflect a guided discus-
sion through an issue. The therapist may use music,
photographs, replica documents, drama and sensory
gardens to stimulate debate and discussion for the
participants. Reminiscence therapy is believed to be
useful in supporting confused patients to integrate
into new living arrangements by acknowledging and
respecting their life history. Reminiscence therapy is
believed to promote a sense of security by reviewing
comforting memories.

The effect of reality orientation was compared
with reminiscence therapy for elderly people in a
large residential home, using a controlled cross-over
design. Both kinds of therapy group were enjoyed by
both staff and residents, and enabled staff to get to
know moderately and severely confused residents.
The group that received reality orientation followed
by reminiscence therapy showed improvement in
cognitive and behavioral measures, which was not
found in the other two groups. It may be important
to use reality orientation techniques with dementia
residents before involving them in a reminiscence
group.”

© 2012 The Authors
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VALIDATION THERAPY

The validation therapy was developed by Naomi Feil
in an attempt to address the shortcomings of other
approaches, such as reality orientation, used with
individuals who have more advanced dementia. Feil
developed a model that sought to classify the stage of
dementia that an individual has reached according to
cognitive and behavioral signs. Its development was
the result of an attempt to provide practical solutions
for difficulties experienced by patients and caregivers.
Important features of validation therapy include: a
means of classifying behaviors; provision of simple,
practical techniques that help restore dignity; preven-
tion of deterioration into a vegetative state; provision
of an empathic listener; respect and empathy for
older adults with Alzheimer’s disease, who are strug-
gling to resolve unfinished business before they die;
and acceptance of the person’s reality.*®

The way in which these values are applied to
provide specific interventions depends on the severity
of dementia in each individual case classified into
four stages: Mal orientation, Time Confusion, Repeti-
tive Motion and Vegetation. Each stage is identified
by specific cognitive and behavioral .characteristics,
and specific validation therapy interventions address
the different cognitive and behavioral features mani-
fested by people with dementia at each of these
stages, relying upon the central 14 techniques.?

Various observational studies have indicated that
there are positive effects in using validation therapy
in terms of the amount and duration of interactions
that participants are able to make during validation
groups.®3° However, other studies have found no
significant effects of validation therapy.*'

OTHER NON-PHARMACOLOGICAL
INTERVENTIONS

There are many other non-pharmacological interven-
tions applied to Alzheimer patients. Physical activity,
especially aerobic exercise, is believed beneficial to
cognitive function, improving ADL and ameliorating
some forms of BPSD. Light therapy is sometimes
used to keep the circadian rhythm of dementia
patients in daily life, and there are RCT reporting
beneficial effects to cognitive function and BPSD.
Music therapy is one of the most popular day care
programs in residential care as well as day care insti-
tutions. Listening to music, singing and playing
music is a popular leisure activity for dementia

© 2012 The Authors

Psychiatry .and Clinical Neurosciences 2012; 66: 1-7

patients, through which some small benefit to cogni-
tive function is also reported. Aroma oils often gives
pleasant feelings and calming effect to patients
showing BPSD, especially agitation and aggression.
Animal-assisted therapy is reportedly effective to
reduce the BPSD of dementia patients.
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Abstract
We compared indices of the revised version of the Wechsler Memory Scale (WMS-R) and scaled

scores of the five subtests of the revised version of the Wechsler Adult Intelligence Scale (WAIS-
R) in 30 elderly schizophrenia (ES) patients and 25 Alzheimer’s disease (AD) patients in the am-
nestic mild cognitive impairment (@MdCl) stage (AD-aMCl). In the WMS-R, attention/concentra-
tion was rated lower and delayed recall was rated higher in ES than in AD-aMCl, although
general memory was comparable in the two groups. In WAIS-R, digit symbol substitution, sim-
ilarity, picture completion, and block design scores were significantly lower in ES than in AD-
aMd}, but the information scores were comparable between the two groups. Delayed recall and
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forgetfulness were less impaired, and attention, working memory and executive function were
more impaired in ES than in AD-aMCL. These results should help clinicians to distinguish ES com-
bined with AD-aMCl from ES alone. Copyright © 2011 S. Karger AG, Basel

Introduction

Schizophrenia is a common psychiatric disease with onset usually occurring during
adolescence or early adulthood. Recently, new atypical antipsychotic drugs for schizophrenia
have been developed, and social systems to support schizophrenia patients have been estab-
lished. As a result, schizophrenia patients are now living longer than they used to [1], and the
number of elderly schizophrenia (ES) patients is increasing. The number of Alzheimer’s dis-
ease (AD) patients has also increased due to the rapid aging of society. Although the inci-
dence of AD rises with age, AD also occurs in younger patients; the prevalence rate of AD
in people aged <64 years is 0.12 cases per 1,000 people (http://www.mhlw.go.jp/hou-
dou/2009/03/h0319-2.html; Japanese Ministry of Health, Labor and Welfare). Therefore,
there are many ES patients who also have AD, and their number is supposed to be increas-
ing. In clinical settings, there is a growing need to differentiate between age-related and AD-
related cognitive impairment in patients who have developed schizophrenia in adolescence
or middle age.

Because some clinical characteristics of schizophrenia and AD are similar, differentia-
tion between ES and AD can be difficult. Neuropsychiatric symptoms, such as apathy, pov-
erty of speech, and delusional thinking, are common in both types of patients. Neuroimag-
ing studies have shown volume loss in the hippocampus [2] and in the frontal lobe [3] in
schizophrenia, and similar losses have been observed in AD [4]. Furthermore, patients with
schizophrenia are impaired in various domains of cognition, such as memory, working
memory, and executive function [5]. These symptoms are also observed in patients with AD.

Acetylcholine esterase inhibitors have been developed for the treatment of AD. Although
administration of these agents does not result in a radical improvement of symptoms, their
early administration can improve the prognosis of AD patients [6]. In addition, disease-mod-
ifying drugs for AD are now being developed. Thus, early diagnosis and early initiation of
treatment are important in AD patients. One method to identify early AD with a high prob-
ability is the measurement of amnestic mild cognitive impairment (@MCI), which is a syn-
drome characterized by memory performance below the age norm, while intellectual func-
tioning and activities of daily living are otherwise unimpaired [7]. A substantial proportion
of patients with aMCl later develop clinically diagnosable AD [7]. In order to treat early-stage
ES patients who have AD in the aMCI stage (AD-aMCI) for AD, it is necessary to differenti-
ate between ES combined with AD, and ES alone. As a first step toward this goal, in this
study, we clarified the degree of cognitive impairment in patients with ES compared to pa-
tients with AD-aMCIL.

Methods

Subjects

All patients in this study were recruited from the Department of Neuropsychiatry of the
Osaka University Medical Hospital, which includes Schizophrenia and Neuropsychological
Clinics. At both clinics, patients underwent standard neuropsychological examinations as
well as routine laboratory tests and cranial magnetic resonance imaging (MRI). Single pho-
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Table 1. Comparison of characteristics of the ES and AD-aMCI groups with and without WAIS-R

Sex, male/female 5/9 10/6 0.14 7/6 715 0.57

Age, years 56.6t5.5 571%x57 0.79 72.6+6.0 70.2+9.5 0.44
Education, years 13.1x26 13.3£2.2 0.79 13.7%3.3 134+1.8 0.8
MMSE total score - - - 26.1*+1.9 27.0x2.1 0.27
WMS-RGM index 813*155 7914170 0.75 80.5%£13.1 749%6.1 0.19
WMS-RACindex 84.8%103 94.8*16.0 0.09 99.8+11.1 973127 0.59
WMS-RDRindex 759%159 766*184 0.92 61.51+9.7 55.8+6.5 0.1

ton emission computed tomography (SPECT) was performed on patients with aMCI at the
Neuropsychological Clinic. The clinical and investigative data were collected in a standard-
ized manner and were entered into each registry. In this study, we selected patients with ES
and patients with AD-aMCI who met the inclusion criteria mentioned below for each group
from the registry. In the Schizophrenia Clinic, we began using the revised version of the
Wechsler Adult Intelligence Scale (WAIS-R) in March 2004 and then switched to the third
version of the WAIS (WAIS-III) in October 2006. In the Neuropsychological Clinic, we be-
gan using five subtests of the WAIS-R in September 2002 and switched to five subtests of the
WAIS-III in February 2009. In this study, we selected patients who were evaluated with the
WALIS-R, because few patients with AD-aMCI were evaluated with the WAIS-III and then
followed up until they reached the dementia stage. The revised version of the Wechsler Mem-
ory Scale (WMS-R) has been used in both clinics as a memory test because the third version
of the WMS (WMS-III) is not standardized and cannot be used in Japan. In both clinics, the
WMS-R was usually used before the WAIS-R. However, in some cases, there was no oppor-
tunity to use the WAIS-R.

ES Group
Thirty patients with schizophrenia (15 women and 15 men) were selected from the

Schizophrenia Clinic registry. The mean age of the patients was 56.9 * 5.5 years, and the
mean years of education were 13.2 & 2.3. All subjects in the ES group (1) met the criteria for
schizophrenia based on the Structured Clinical Interview of the Diagnostic and Statistical
Manual of Mental Disorders, 4th ed., Text Revision (DSM-IV-TR); (2) were aged =50 years
(8]; (3) showed first symptoms of schizophrenia before 65 years of age; (4) had been evalu-
ated by either the WMS-R or the WAIS-R; (5) had no other neurological disease, and (6) had
no evidence of focal brain lesions on MRI. Of the 30 patients, 14 were given the WAIS-R
(group with WAIS-R) and the other 16 were not given the WAIS-R (group without WAIS-R).
There were no significant differences in gender, age, education, or WMS-R indices between
the ES groups with and without WAIS-R (table 1). Other demographic data on the ES group
are summarized in table 2. Mean duration of hospitalization was short, although mean du-
ration of disease was long. Many patients received atypical antipsychotic drugs at the time of
neuropsychological assessment in this study. There were no significant differences between
the groups with and without WAIS-R in any of the items except for the positive/negative
symptom scores of the Positive and Negative Syndrome Scale (PANSS). Both PANSS scores
were higher in the group without WAIS-R than in the group with WAIS-R. Four of the 30
patients with ES were not given the WMS-R.
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Table 2. Characteristics of the ES group

Age of disease onset, years 32.3%12.0 30.1+12.3 0.64 31.1+12.0 (19.0-61.0)
Duration of untreated psychosis, years 3.6x16.5 41+84 0.87 3.9%+7.5(0-26)
Duration of disease, years 23.8+11.7 27.4+10.7 0.41 25.8+11.1(1-45)
Total duration of hospitalization, months 14.0+12.2 9.7+19.6 - 0.56 11.4+16.8 (0-72)
Daily dose of antipsychotic drugs
(chlorpromazine equivalent), mg 554.7 +283.6 469.1 £387.6 0.5 509.0 = 340.0 (0.0-1,300.0)
Daily dose of atypical antipsychotic drugs
(chlorpromazine equivalent), mg 485.7 +306.6 318.8+379.9 0.2 396.7 +352.0 (0.0-1,300.0)
PANSS score
Positive symptoms 12.3x4.6 163*+44 0.03 14.5+4.8 (5-28)
Negative symptoms 12.3%+3.2 18.3%+6.5 0.01 15.5%6.0 (7-30)
Overall severity in the Drug-Induced Extra-
Pyramidal Symptoms Scale (n = 21) 09019 0.86£0.7 0.94 0.88*+ 1.3 (0-6)

AD-aMCI Group

Twenty-five AD-aMCI patients were selected from the Neuropsychological Clinic regis-
try. The number of males exceeded the number of females (14 males and 11 females). The
mean age of the patients was 71.4 * 7.8 years, the mean years of education were 13.6 * 2.6,
and the mean MMSE score was 26.5 * 2.0. All subjects in the AD-aMCI group met the cri-
teria for aMCI, which included (1) a memory complaint documented by the patient or an-
other source; (2) a score in the story A recall task in the logical memory II subtest of WMS-
R which is less than the age-corrected and education-corrected cutoff score; (3) a score of
=24 on the MMSE; (4) a total Clinical Dementia Rating (CDR) score of 0.5 and a memory
CDR score >0; (5) normal basic and instrumental activities of daily living evaluated with
Lawton’s Physical Self-Maintenance Scale and Instrumental Activities of Daily Living Scale
[9], and (6) no symptoms of dementia based on a clinical examination and an extensive in-
terview with a knowledgeable informant. All subjects in this group also (7) had been evalu-
ated by either the WMS-R or the short form of the Japanese version of the WAIS-R, (8) had
no other neurological disease, and (9) had no evidence of focal brain lesions on MRI. To con-
firm that the aMCI patients had AD in the preclinical stage, at least one of the following three
criteria had to be fulfilled: (1) atrophy in the entorhinal cortex on MR, (2) hypoperfusion in
the posterior cingulate cortex (PCC) and precuneus on SPECT, or (3) progression to AD dur-
ing annual follow-ups. Progression to AD was defined as meeting the criteria of the Nation-
al Institute of Neurological Disease and Stroke/Alzheimer’s Disease and Related Disorders
Association (NINCDS-ADRDA) for probable AD and a total CDR score of =1.0.

Progression to AD from aMCI during the subsequent follow-ups (up to 8 years) was con-
firmed in 17 of the 25 patients. Nineteen of the 25 AD-aMCI patients received three-dimen-
sional spoiled gradient echo MRI, which identified atrophy in the entorhinal cortex in 13 of
the 19 patients. Twenty-three of the 25 AD-aMCI patients received N-isopropyl-p-[*2*I}-io-
doamphetamine (***I-IMP)-SPECT, and hypoperfision in either the PCC or precuneus was
identified in 12 of the 23 AD-aMCI patients. One patient was recruited due to abnormality
on the MRI and 7 patients were recruited due to abnormality on SPECT. Of the 25 patients,
13 were given the five subtests of the WAIS-R (group with WAIS-R) but the other 12 were
not (group without WAIS-R). There were no significant differences in gender, age, education,
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Fig. 1. Z-score map overlaid on an MRI template of
a representative patient with AD-aMCI made with
VSRAD. This patient was included in the study be-
cause of the presence of significant atrophy in the
entorhinal cortices on MRI. Parts of the colored ar-
eas are in the areas circumscribed by purple lines,
indicating significant atrophy in the entorhinal
cortices. Purple lines indicate the bilateral entorhi-
nal cortices. Colored areas on MRI are those with
a Z-score >2 (significant atrophy). Color bar indi-
cates Z-score.

MMSE score or WMS-R indices between the two groups with and without WAIS-R (table 1).
All AD-aMCI patients were administered the WMS-R.

Comparison of Demographic Data in the ES and the AD-aMCI Groups

There was no significant difference between the ES and the AD-aMCI groups in terms
of sex (p = 0.48, x? test) or education (p = 0.71, t test). However, the ES group was signifi-
cantly younger than the AD-aMCI group (p < 0.001, t test).

MRI and SPECT Criteria for the AD-aMCI Group

MRI was performed on a 1.5-tesla system (Signa Excite HD 12x; General Electric Medical
Systems, Milwaukee, Wisc., USA). A three-dimensional volumetric acquisition of a T1-
weighted gradient echo sequence produced a gapless series of thin sagittal sections that cov-
ered the whole calvarium. The operating parameters were as follows: field of view = 240 mm,
matrix = 256 X256, 124 X1.40 mm contiguous sections, TR = 12.55 ms, TE = 4.20 ms, and flip
angle = 15°. The three-dimensional T1-weighted MRI data of the patients were analyzed with
the voxel-based specific region analysis for AD (VSRAD) [10] (fig. 1). VSRAD contained the
MRI data of normal control subjects with a wide age range and could automatically compare
the gray matter intensities of the MRI data on a voxel-by-voxel basis between an aMCI patient
and age-comparable normal control subjects after a series of steps including segmentation,
anatomical standardization and smoothing using Statistical Parametric Mapping 2002
(SPM2; Wellcome Department of Imaging Neuroscience, London, UK). The Z-score is calcu-
lated on a voxel-by-voxel basis as (Is — Ic)/SD where Is and Ic are the gray matter intensities of
an aMCI patient and the mean of normal control subjects, respectively, and SD is the standard
deviation of the gray matter intensities of the normal control subjects. The region of interest
was set to the entorhinal cortex in the VSRAD software. Atrophy corresponding to a Z-score
>2.0 in the entorhinal cortex was used as a criterion for AD in the VSRAD method.
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