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Discrimination Between Schizophrenic and Non-schizophrenic
Groups Using Exploratory Eye Movement

Yoichi Fukura, Eiichi Tanagg, Kazuo YArA, Hiromi OHkuso,
Sakae TakaHsHI and Takuya Kornma

Department of Neuropsychiatry, Nihon University School of Medicine

Exploratory eye movement was recorded in 30 schizophrenics, 30 mood disorders, and 30normal controls. The 5
parameters were measured: 1} number of eye fixations (N); 2) total eye scanning length (TESL). 3) responsive search
score (RSS); 4) number of eye fixations in responsive search (NEFRS); 5) total eye scanning length in responsive search
(TESLRS). The stepwise regression analysis indicated 3 parameters, RSS, NEFRS and TESL, as the best subset of
differential predictar variables between schizophrenic and non-schizophrenic (mood diserder and normal control)
groups. Furthermare, a discriminant analysis test on the 3 parameters; RSS, NEFRS and TESL, yielded a sensitivity of
83.3% and a specificity of 93.3%.

Key words: schizophrenia, exploratory eye movement, discriminant analysis, responsive scarch score, number of eye
fixations in responsive search
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Fig. 1 The top figure (a) is the original and the two bottom figures
(b, c) are slightly different from the original.

# - fbs

2points Spoints

Fig.2 Example for RSS.
RS§=2+5=7

Table 1  Values of N, TESL, RSS, NEFRS, TESLRS in three groups of
schizophrenia, mood disorder; and normal control

Groups schizophrenia mood disorder normal control
N 2417+ 7.54 32.53 £ 6.98** 36.60 + 557+
TESL 337.92 £ 168.08 358.35 £ [56.54** 671.91 2 168.1 1%+
RSS 7.03+2.19 10.27 = 1.74*+ 10.73 + 1.60*+
NEFRS 20.90 % 5.43 2777 £ 3.69** 28.70 £ 2,97+
TESLRS 354.06 £ 172,73 557.10 £ 129.20%* 632,92 £ 134 95%*

N: number of eye fixations, TESL: total eye scanning length, RSS; responsive search
scores, NEFRS: number of eye fixations in responsive search. TESLRS: total eye

scanning length in responsive search.

There were significant differences between schizophrenia and the other groups for
all parameters (N, TESL, R85, NEFRS. TESLRS).

**p < 0.01 vs schizephrenia

BEpist 4Rk, TALLEMITILAL O BTt cm).

3) KIC94EF R 2 7 (Responsive Search Score: RSS)
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Fig. 3 Discriminant Graph.

hitting ratic of discrimination: 90.0% sensitivity: 83.3% speciticity: 93.3% linear discriminant function
y=0.111 % NEFRS + 0.255 x RSS + 0,003 x TESL-6.576

The stepwise regression analysis indicated 3 parameters; RSS, NEFRS and TESL as the hest subset of

differcntial predictor variables between schizophrenic and non-schizophrenic groups. Furthermore, a

discriminant analysis test on the 3 parameters; RSS, NEFRS and TESL. yiclded a sensitivity of 83.3%

and a specificity of 93.3%.

2) DTERSNALBELPC
HOETLORES L UHE.

BT 2 BT L, FORG o N BI iz
L D a ke & IR G S IIE BT £ 1T - 72,

II. -\

1. 1EZO M

Table. 1 (iR EHEL (N), #EEEEHVE8E (TESL), KICHOIR
F AT (RSS), RICHHERREDEEIE (NEFRS), KIE
BURREFOLIZ IS (TESLRS) O F NFHEHiB X
DIREREE R L.

1) PCEERTERSO B FHAVIEE

HEEL (N) 12 B W T H B EIEE (TESL) 128 W T
b, MEAFEEECIRSHERBRBLIFRER LY
HEUEEER L (p<00)) 2%, JOELLE LK
FOMIZGATELRD LN 2 d o1,

2} RCARFE A O 7 (RSS)

Fig. 2 (IRICHMER AT (RSS) I T 572060 5
BB S0 E0EFERT. RIIRT LIS
CHRIBIRE % 7 SR aEIL, EREA 1 RThE
WLV ANA2TEE 2, EN@EE L7020
DHE (Fig. b o) ISPV TERHFL, A7 2hbhiT 14

MG,

MERMELRF TIANEERB LU EL VA
BRI R L2 (p<00n) ?F, [ EESEELREE
DN EEFRD T h -7,

, MEELHGIT B2

3) RICERZRIF O EFEANGE
FRCHIRZNF M Eh 57 (NEFRS) 2BV T & BUSANE
HOEFORTEFIFELE (TESLRS) 28T h, A EMED
FTRHSEEERBIURERLDVAEI RN ERL
2(p< 00N, HARHEBELEFAOMIIATEL
Ahilainoie.

2. ¥RIH#R

(a) ZTHRIR

Fofb LzBih v IU — 2t BAL, {REIEHIEE)
WO SN MR L, GG - REUSEE
TG EEERET o, IIEREATUER
&, TOMEIFTTALERT. 2 BNO WA i
’J (e ox;ri}_' LTFLJL'E'”K%?X:IT, ELLE’J?’%"\?{HE?W
HENEL, BB IREER S L

(b) ¥IRISAR

SBWh T I — GRS IEE, MG KRINE) R ERE
OISR ISR MR E L, 2B OHS
Prdbait L7, 20459, Fig 31251 & 5 SRy
MO, SOREEHEOMEELEEATS

EilEoT, HAGHAROLNL, INBEOFS

ﬁmfbﬂﬁ ERER AaMERT LT, Bk
= 5 ’r}i;ﬂfﬁ’f—(ﬁu?a’m i’?) EflEand,

HEH T EMDOBW L EORE—H LTV ED TR
LZZHI Y 2 7% Fig. 32 L7z, 25 7 13 Hesh &

B, AHICTEERNE 02 TREY - 298 A O R{E %
Eof:, BREOVEYEMIFE B [-h Aoy



220 ME -5t

a? ERH S E D 2o EREL ISR

. HEROIMNE Y 7 78RS LRER, ffotihi
777ﬁ#ﬁ%%ﬂrﬁ%§bf.iu%mriﬁmw
%ﬁrm43 033 DRIH 0, FAEIEX-145ThH -

L FRIZL, EESLAFESOPIIHESIE -1~ 331
GML%U ML 1.08 TH-72. HEEPFERED
A AL TE L AR S NS B, IEHSETES
AL YIHE L W SN FL 4 FTH Y, FHF)
N BIEE OBzt T o, ZTOHERL EENL
HBIEEF T2 L 00.0% WA EWHAFES L,

T/, SHOHERLTILI0H D 25 oM LBEES
FHEERIEREHNT LI ENTE, BREMNII 3%
Thotz, &5, 60 Fld 56 FIORFREESRT LW
FRIEMEKTERLBNT 2 LATE, R
LT4 93.3% L@ ENEH M,

. # =

1. BRIESNES

1) ICERERERAF (BFEREE)
RHBEROFHANBE L ELTERMNLIGE B
Bh¥r, #BIES LTI, HAENEBRRERES
MESEB L UREEIIETHEERI DL WEERL
fo. COEFREROMELINT-BHLTVWS, KAk
MIERFEOEBEA L 2 BBHESHIEOI LUFR
(1979 2L - TG Sh, Z0HBLEL(OBRIZI-
TSN TV AEY,
PEEFLAMMEREORIIRERLERTZ OO LE
o, CREITHATRERBEOERENEEIIOSVT
3, WEEMNIMERE L EA L, WM TR L A
LVEREN STV, HTk L-RShERE Il
FEEME L RANOBEESRELTVA I ER, 4N
DRI LTWAEEL LN, EEH L £
HORWIMOBMEERESR, T2b b ERFRIEER
FO, MEETALALRE (EMES'Y, HRATITEH
BEED L LI LRARORESEEINTEY, FHO
AThH CIRERERQIEESZ LS TVS,

2y RGgR%RZA Q7

RIEEHRERATITIZALTYH, HEARTELRETIRR
SHEEREBIUREELVFTICBESLRLE. S
MERELEHEOBIIIENTD LA Lo, IO
TEREROBEL-HLTVD, HEEFERENK
IBMIERRA T HRELTRT I EIINEY 1L o T
SR, HCoBRIZI - TR SN TWEY, Rk
BEORLCHIEEA2TIIMLTE, AL L,
SRARE, AR E L ITREEE AV ERL, BRS
EREBFLVLARIIBERTLHRESATY
5,

BEME, KEMERR I7 NSRS S REEE
TS, 2% ERFESLIAEREIIBVTLREE

B KB

I LARICEWvELZRL, B0 RIESRE-TY
MERNEBETROThLREEE L OMICENTED S
N3 EELTVD, T/, fbofihiias, t4b
LRDEELE, HEASMEETY METADTA
BED, WHEREREY, RN-F U CHEEY O
CAHRZ A 37, HELAEEHO TR LTHIT

IEL, EEEOMLITIIS LuE WIS RONT
Wh, Enll, PRLWIE, MAKPERFOBEORIE
H9¥EH A 3 7 DA, hm%l%«t%ﬂhﬁwh&E
HEL TS, LAOERLHEG T, HEMEEA
:TuﬁmiﬁrtﬁﬁMT FRRAF09 2 §5 42 (trait
maker) THLHL EEZHNG,

F 75, Neisser!'™W 2 X UE, (ARG FRIZHT AL A
ITHAEIHNTIAF T M TL2TEY, £
B o TIRENT PRLAIAELZ L0V HICARTER
a7y, BOmOHET ALl FheRIZBRLE
FFA A— VLS4 7T, Mulgviddh 3¢
AT LEMLOBEMEY LABOMBEHTHL I E
¥ EZEZNE, HERIEEE B ARICIERATT
DAL, HEOITEN SR - EETAMADMEL R
LTwhEkEZILNLS,

3) RICEYIRRIFDERLVISIT

W SR O & £ /b T BI04 IRIE
(RICHEZRBOEENS, RICHIELAs A S (-
MLTY, MSKHELEREAIES S L Ues#
VIEARTHITI D vl R Lz, Sl ERg Ly
EORNZREFZD O o,

ROCHIIRFERE RS-V Tid, 2 HFRREM X
T—A— LA BIRE SR T2, RO
T, MELFERED KICHIRREEOEHAIASIEE
BELFREHFICESTHTCMETELES S
5, FICHEELOE USSR TE Iy T, F
B TERY 22 542 (trait maker) TH B2 Z E AR S L2,

A RMRERFT I BV TR REE D E LT H
B ERT 2 L, RICHHRERR 07 & L AR,
HOOITE #9050 - BT A A OMESXRL TS L
EIbNRD,

2. FIORIR & HRY SR

(a) BEREVFIRIC RE L THIRIR

S, ¥EKNELIMELTENH I FI 2T
TER LR, 3 2offimasgidn,

INLHDEIFEOIEEYRIMEERORE S L), HE
FKAE & IS RFVEDBUAHBNIE, 1) RICHIRS
AT, 2) KICHIEFRIFOESI, ) LN GUs
Eﬁﬂ%®MTI§T%é‘tﬁb#ot.

NI T, HERELIEREGETEN,SHBITS
Zk ’i‘?ﬂo”itﬂf#ulib\ (Db iA, Ohta & Kojima
SIS ERFRIREREEIRE & B 22 BB 2 fiT L, )
FHZRd Ll LT ) RIDERFER 27, 2) d5



63 (5) 2004 13

FIORTEEIN A E#HE LTS, /2, Nakajima &
Kojima &' (XIRREREGE D) & MEREFEREREE) ', B85
FRLERIEEY ™ £ HTHBIST EIT, HERTE tah‘m
GHGREDHBIZH DL ERTLE LT, 1) CHERR

T, 2y S G IIREFFIRERGE O NI BN S L }:ﬂi
HLTwD, 3515, @S LN L™ IZIFENIRTRE S,
P300, FICA¥M % AW OHBISHT 247V, WERAE L

G ISTHEDHRNIAR A ESE LT, ) RIeiiEs:
AT, 2) HALGCIEM, 3) BEMBOREER 2T,
AP0 ERENBAIEIR AN LEGLTVE, Wil

OBGEIIBVTORTINERA D 7V IERERT
BY, T hWISH0EREL—KT S

IR ETORFERBGEIHE A AHBIIFFRIIBNT
13, RICHIRERBOEFRMERIEEE L LTHAARS
NTwhedoi, 40, HICIHERBOEHOEIEL Y
HTIEEE L THA AN THI ST #1T o 725%, RIghy
JRFRFOE IR RICAUEREA 2 TIRCTHNCHE
G L LOERE ML, ERMEREROKE S
BWT, RIEAEFHBEOEENE (0.459) L RIGHIES A
IFT AT IIKELE G Do, T, LK
I, RIEMIREFOEH A BT LA 2 itk
EWiZEVWTEElEH LY, LR, FIehHE
HMEOWEN RS, RICAHER A 27O 2 T 2 &89
FEL LT, FAREMERYEMTLIEEL LTHY
HHTHhLEEZ ORI

(b) #LERIBE &IEL S KRBED B 47

&I, 1 REEERAD T, 2) LGRS0 &
2}, N BBEMERFHOOOY Ty PEL, #
TrHRANE E IR S RTHE AR E, NI O HN 5T
TiTofz. TOU, BIRAITE D 90.0%, MBS
83.3%, fFRMEI3GE VI IEFIIMVHELTHRITA
7:.

Hi3k L 72 Ohta &£ Kojima ' OIEFRIKLEI O 4 % F
WL BT, R 75.0%, fRRY 81.0%
O THHNTEL LGSV DA, SHDERIE,
B, BRMOVTRIIBLTLENRIFTH /.
ZhiL, SROMELIBTHDTIHEE LTHEAAN
O RICHHRRIF OB, HELRE, ek
FHEOHRHI A ThHo b e ELZHN D,

3. BHEKAERE LS AEMORE

SO TIE, #6500 B8 L SER AR
FEORGEZTTTwi, LA, HNEEEORMNEE
TRIMIREFOIEE L MMM 2 W2 L ATERORT
FTHDEBELRINTE M), SEOIEEIRKES
BAEOHRRBIFERBAEOERILZbNTRAVEY
Aohg,

] S
) MERMELE 0 F, KOMEESER 305/, %

HIRHCEf T RV G

YREEBEOHY 221

30 BUIRFHREGES A T L 7.

2) ELFARUNF O E AR, HICMIERA DT, BIE
AHERBFOTERISEOVTRIZB VT, o klE
BETIIHAGHEERELS LUREE L O A IMEE R
L, @ik 28R LREFORIIAE LI o E
Mo,

3 CNHOEHED I L, MAENE L RS %TRE
OHPNIHHLEEE LT, KSRGS D7, HER
IRREGO ML, FRENMEAS DWT”Wéﬂt

4) FEORRERCT, HALME LT LHE
BT F AT L /2, #0483, HIBIMYh e 60,0%, fu‘.i
S 83.3%, FEMIGEVIBVRETHANTS 2
LTS

5) LadDHSRL Y, MERIHENSUTHILIIERIE
H‘Jh::»f A7 EELIIRICHIEREOEBH IS TETH

ZEHbdod, RIEIETH D BICAY RS EE)
ﬁu.%&mﬁ%“ﬁﬁmﬁmMWW%ka bHEY
THiLEELLRIL

X ®

N RS, WO ROENES), frT—A - 3F
EE 207 HEHTHEHE, 1997 12(6): 645-665.

2) Kojima T, Matsushima E, Ando K, et al, Exploratory eye move-
ments and neuropsychological tests in schizophrenic patients.
Schizophr Bull 1992; 18: 85-94.

3 OFEHEE, RETE, LEESE, A Ssitiie, BRE
G- RBEHIZLZHMUMED~OT 70—, BEED
. RUA (1991

4) Takahashi 8, Tadao A, Kojima T, et al. Significant linkage 1o
chromosome 22q for exploratory eye movement dysfunction in
schizophrenia. Am J Med Genet (Neuropsychiat Gener) 2003,
PartB, 123B: 27-32.

5) ItE ER, R¥F O3, WeEMEF, ¥ DSMAIV HHEED
OFMEEMOFF]. BETE, FHE (1995

6) Hamilion A, A rating scale for depression. J Neurol Neurosurg
Psychiat 1960; 23; 56-62.

7 U T, BIRTEIS, B#elsk, ¥ Kay SR, Opler
(PANSS} 7 =2 7 1. BIIFHIE, BT (1991)

&) SFR#FEL, ERALRRELA BRI EEE
DFEIEOHEEEREOCES DI, 1410483k, 1979: 81: 523~
558.

9) BM . ERALREELHVAHEES oNEED
PrEz B BRI Sh O BFZE. HE195EAE. 1978; 80: 617-645.

10) Kojima T, Matsushima E, [wama H, et al. Visual perception
process in amphetamine psychosis and schizophrenia. Psycho-
pharmacol Bull 1986; 22: 768-773.

1) Nakajima K. Kojima T, Matsushima E. et al. Eye movements in
patients with lemporal lobe epilepsy-Comparison with schiz-
ophrenics and normal controls. Jpn J Psychiat Neurol 1988;
42: 632-634.

12) Matsushima E, Kojima T, Obayashi S, at al. Exploratory eye
movements in schizophrenic patients and patients with frontal
lobe iesions. Eur Arch Psychiat Clin Neurnsei 1992; 241: 210~
214

10 MOES G HAEEEOMER T AN sR
WEE, BRESHARE L DEGEROLEL L
1998: 90: 89-110.



222 A F—-hsh

14y A B e, BiE %, ELIE—, fb HHSRHLER
SROMRIRER. [ZHEAM - ER SRR
RIGNRIED L UHEERIIRAT 5 A50) - PERAIE
. FROTHERIFRESEE [ 19%: 5-8.

15) Neisser U. Cognition and reality. &8 8, i (F0.
FmoiERE. 1AM, HEFEA98D

16) Ohta K. Kojima T, Matsushima E, et al. Discrimination analy-
sis between schizophrenic patients and nonschizophrenic pa-
tients by eye movements. Jpr J Psvchiat Neurol 1988; 42: 677,

17) Nakajima K, Kojima T. Matsushima E, et al. Eye movement as
a marker for schizophrenia. 1990; Abstract of 17 th Congress of
CINP 237.

18) Shimazono Y, Ando K, Sakamoto $, et al. Eye movements of
waking subjects with closed eyes: A comparison between

3PN

normals and chronic schizophrenics. Arch Gen Psychiar 1965,
13: 537-543.

19} Holzman Philip S, Proctor LR, Hughes DW, Eye tracking pat-
terns in schizophrenia. Science 1973; 181: 179-181.

20) Bt ®. WIWAERFOBRELRICEMSRAEEE L
FFEIFHEOHMIZHA, AKRELE, 1995; 54: 785-804,

2 HiA%E—, BIE %, hRsll, b RO RE
HIRAT 2R —IERIREES E R/, BRSRIAE
FERESEN ofiE—. FPKELE, 1997, 56: 580-590.

22) Obayashi S, Matushima E. Okubo Y. et al, Relationship be-
tween exploratory eye movements and clinicat course in schiz-
ophrenic patients. Eur Arch Psychiatry Clin Newrosci 2001;
251:211-2l6.




7 FHREHES

B Rl

AT S SEmEFHE
T 103-0007 HURARrhS X A FAGRAT 2-17-8 |ETFERE L



« EHEIE P>
f)Amnkﬁﬁo

aﬂﬂﬁ%ﬁ&j‘l pVANS ALY by

W& R ERAE

(REIRER

B H - B R

/NG AL

RERIRER LBURIEER I DV TN ROZBIC2LWTEHAL, MERRESES L
UM ARAERENETE, EELARPALENEENCEAY—HI—THd L%
Wd, ¥ LTERBEHO,ADYICIASOEZEEBWEHRBMOHER, 2 RS
ERNEE & OFE, endophenotypic marker & L TOREIA YIZ>WTHE~N, S IAL

ERUEHAROFEEL SIZOVWT LN D,

. BIERIGEE, FERRER), ERY—H—,
KEY WORDS : endophenotypic marker, EfHEEM
> > > oI A=tobhsd, H5roFHICED ZRENEEER

HERBEDY / AAEBBACEI b TER
2, WENVRESHRETFORERRERTLERY, 20
FHROU L2, BRSHSEERORERESRTIES
WETHEBSZENEZONS, ChEHLEHI
BB RE SR HARBEELRE T 52 4805
D, ERZEODL D IcHRERSEY, EWitEn, W
SR, TREEREEIANY, ERANNY, #RERCIEYRY, TREER
§7e & OFRITE MO TERBITE B IR 2L v ks
ErohbEHEhoTElk, ZhsOERdESEN
LA ETELRAT 2 0iRrbs, EWEf~—

B3 2 & o ThHid, endophenotypic marker & L1
ha., S4a4%5E 2T % endophenotypic marker &
LTWRHEED L 5BRERES, 7983y r—F
(B L RO+ R T 2308, FREREE,
P50, P300 %2 X ORAERER, FEmRPaaEs
EHERTW DA, 2 CIRIEHRIREES) & BRI
Bz oL THEAL 2w,

RFREREKEED

1) REXRBIEDBRKRIC ST D
HackMEOBHIEROAAEb R L>TH S

>,

KopmMa Takuya/ * HARFELIRH R FEE
44(232)

SEHUWESE Vol4 No.3 2004



, IhABHLHLEBETEL LS H—DERIE R <,
A XFLRMLEAAMEDEZDTHLLVIRZ
FHMERICK->TWwE, 1941E T A, Rimkeizfi &
SBERELZHORMCILL & 3 ERMNEL 2R
[Fvaw 7 ZR]) £ UTRENCEIEZ R & U TiEM
L, SIAPRESEIED (HARIGORY) 2iEL0
HBEERN T2 2 COREELFATHS L~
(1961), HHEEMNBELAICLT, H52UB[Fray
7AE] OFHERUTEOGRIIZHERE VL &

MEL, ITNSREKESVWTIEBREELHRICLS
Twd, REFECOL>THEORMZEES>TITnS
COMBRERFEWIIHHET 2 LB L > THET
HBLEHZ, BFREREHOMES B I b T,

2) MEBEAREOREMBEERE

LOERDEEIIRALLOTRPHEL2b->TRE
JeT3, THOLLHIIEMOMAE L > THRCIRZE
LI EGLI &1, FLTENHERTINZ %
fSIEL, RREMHULEET S, 0L 2FEROL
DTHEMEI S ELIY, ZOMERECER S
Lo TRBIZADSEEEWLH LD I EHNTE S,
GHEATRER (TAH A7) 2AOCTHESETHERS
DU A OBHEHRAL. TORBR, Hak
FECHZONHE LT ORI 2N ZL
L, @IFREL EXNb YRGS EDLS T LA LED
Dz, @ HEOTERBH - T2 (HCOERRE
BE) ZEMNZLL, @2 ER LS L8 FEHIICHR
T3, O4208BEBHIBERLCY, Z0LI KA
FIHEBBRIARICH T 2MEOHEH IS, &
N O RTHEDRMBAERTE AR L, Do TaiR
PEMAFFRAELIRBELTLOLEHZIEND, T
IOREER [Frav s AR [(NMARIGORE] L L
T, bhbhHBECREIhD EFH 2 3,

3) MEXPELCREERABERETILOEE
HELTWS Y

LD 4 D0RRE D S b T HRERIKET OB R
W, BEZHESDSM- IV X 256 E£FE0 R
(Gt W@, EERHSGARE) a2 X 0ERKS

GUEFEIE P 7/ LR R

SEE 140 4 (5 0f, Y LAMEEE, Tra—a
FF, MEUE, ATREERET, AIEEETA LA, B
FH) WODLT AL BRIZHLITT ABRIZ D0 THBIS
VidsIlholtblh, BERINTRIGERADT &
ERAOEI AN & R, PEHIRASE SN, HEak
FEOW % EFESEIEL LT (B2 L,
0% DIFMERIE L B E2EHGERAFEL LT
) (FERUE) LA, Z oA E BECER
L, ZIZRICHBHE RS 5 NEBIR O MG &
Nz, ZOEROWRIZL T, HRERBHSLTE
PHAMESNE (H2REORMEEREED KL
TE) MEOBESEIN TV DI L TREUNT
hoT 3 eEbdhols, £ T5~B0%DMA %
AHE R RHE R ENERSELS LT 5 kv O BREE
FMEMHRERE LT 200 TH o7, IEHORH
ST TR AT ORRERO®REL 2 L, BH
RRERIT (RISHIEERA 27 RIS EThE)
DR LEIFIAMKE L EHZ S 5202

4) BRISEEEE SRS MRE
HAEREORN, S onTERRMTEE 30851
fo b 2 po2m WEEEERIIC S SN TRIGHIERA 2
THEL, P—ERRICROATHENS VWD S DRET
i, BERCHSIRES 2w 2ERF Iz s~RTT
DAATHENZ ERbv-12, HERNEDRET,
TR HEANERENSVEE ZOA D 7S
WwZkdbhol, SHT—RENERT~NTELOR
TGRER R a 7SRRIl Tk, 72, EROH2 A
W LR H LB O 3 78 Eb s RnI b
Mo, ZOADITHHELRECERTEZSERER
43I Edbhhol,

5) REMRABERESEAVCRERBEDE
SRR

FRHIRERIT & QI RISHERFRE R 9 7 RS AHHED
FHERKBL TS I 0o, HERINHE & Vv D RS
Eiowb iz, RIGHIREA 27 2By GEEFT 2 B
CRolkl B, 22F, 6%, 9%, 16 BHOREEKTH
HOAHEMED o h, & CHEFRREERHO L 2

DTHEHESE Vol4d No.3 2004 45(233)



LBETFN 22 HFRAR I I EEFRE DL, F
D22 FEREFTR SBGTOLENT B W THERRER
WEh E OEELRE R 0, BRAENREFORER2E A
T BIN~20,

6 ) RIRESHDOPRIFE DB BOAR
HARTIEOEFIRGRE, 3 42bh b ENMFMmBEE
FiE S HAITH D I L s, ZHICEBU B M
ITHORMMNEORE L AN, HERTED TR
HEAREOREEMB LM TEX B LHR, BRI
BESHMBRRIEE (functional Magnetic  Resonance
Imaging : fMRD) 2B THELIOBEE2E I ->Tw
LD P gty — PERE, BHIEBGEHZRE T/
WEI S XNTHREDERIE 2520 712599, HHORE
WOWTIEFREC L - CERE, BFRELED L, &
Fo B B HRER A B AR & T B AR ERE TR (7
ZyvaDPERASED) TR, REOHRECHEE
TRAGFROIFERESPRMRIE S L 25, KEEHE
THREESET L TR, REEHOFH L EEoHh
WBER->THWEI LS, HARFETIRELZSD
FIREGEEN S L URBEDHOREELED 64, ki
WERMMELBRHERLL TV A TRERESTTE>TH

3 32)~34)

7) RIGEVERFRAD P ZRA VEBRRS e NEE
DIERX

PRV TBH S I HEARER, a8
HERBENHD NN, F2T, FHERH
L, BE7ey, SEPHREEL L, BT0%0OHE%
FHECRE LD SRICHEER 27 2T, HEk
FERSMET B &, RIS EEE, BitbERE L2
AR S RTVE TRIGHER A 2 7 B{E PSS
KIEC AR h, AMAKSRAE BRUKSLH
Y, AERHOEBER GEERRER o2 Es
DAATHEL, AEFRDREGEMECHEENE, MR
@H%%%#B,ﬁ?ﬁﬁﬁ%%%hf@ﬁ@@ﬁ%
TEEMECBTE 2EERERL, BITHIL
Zﬂ%ﬁ“f%m<ﬁﬁﬁﬁTékb,T—ﬁN—X%
DR EZHEHMT, ERNOSEOMR L FEAMHEEB IR

46(234)

Tob,
> 2, EMRIKEE

1) BMREKESREORH
BOWTORRVFERZ L, @ DB IERE
B BIREREES 414 U 5 A, Diefendorf & Dodge®”
B, EREAATRION S REEHHIKCEL L
ERBELERE L, LrLESOBRIR 65 ERER S
N5 2 Elit%dotz, Holzman &*RTHI % A
T, MGARMEPHESEIBRMHEELETRERS 2FED
T, WRBRETERE, BEE LS N UEMIRERER i
TERR D H30E 2 72 ¥ O S 2 IRERE 5 — 3% n T
EEBREL, o OEEIEEHERL, a5 12Nk
WE9R & Bl 4G L, B8 PR AR BRI 6 RS
dysfunction : ETD) Zi3&s&ELAESE T 77.8%, B
2O/ T 16.7~22%, FERTPRM 0~22%, BEEH 8.3~
1% THDZ L EHsMzULE™, UL ETD
BREXRMELI THL, =%V UFE HHEL, B
BESELETHAON, UYF UL, ALEYL—biE
OEDRETHEL, FFRELOIMTIRPLLMAED &
WA H D,

{eye tracking

2) EMRKER EMEXBEORE

& 512 Holzman &SR TEDRIE O BEHR
HEB I, HERIHEORIED 44~50%12 ETD %
o, EMGHEIAEDORED 4.8~10.5%, BT HED
8.3% LEE L THEICENH D, ETD A ETED
FRERBT S EWME L. S o HEARTED—IIM:
HEBROFR—BEITETD H 0 AL EHSRBEENI T,
D—HEEHN0.77, ZIIHERERTI0.39 TH-7- L H
LI, I oOEED S ETD BB ENHER £ Kt
LTWa EEU Ty a4 —h Litman 53L&
SEPED—IMIRNERIC 2L TERENREE £V T
2, FEEOMEHOEMETR T —REEOR S &
PEDZEN LD SEBICR L, NRAMRE LEN LI
2 brs, EMRBIENOMAENRRCER22L T
L3,
EPIRBGESTEBITh OB 2 IMRI CRgR L,
BEFRERGET O PR ER LWL, L & 5 & L

DFEMEY Vol.4 No.3 2004



EHHDH, Tz LB L, HiEl - Qg o (R
i) 120 TR BHREOBEIRE 220, WHHEREORL
ERLTLDERELTHDY,

3) BIMREKERZERLESFEIESNHAR

—f7, BERERERHEIED R Al S Tl RN B 2
ThhTwa, Arot'¥s S RTHENEFEL T3
8 5K 62 ADBMIRMEI 2083 L, ETD 2#~—#—
LT 6 FHRAMERCEE U TESBTE B 2w,
2HATATHRS T4 7LEREB TV, Enilzntho

itk E OMFHZ > T L|E L Ty 349, Rybakow-

ski & NLEMFIRMGETEREP 5 L CEHEER &L
DHERHTOROEE S BIE LT, HEXIEOEL
MET L OB A B Z o, REREHNFLEOERY
EFot: 3828 ME D) BEFOSer9Gly ZR L
OHWIIZEMBEA N, Z O Ser DT
FTOMREGEENFIE LB L T2 2 Edhhotz, R
DHEEROTREOHK S LINEBH T, catechol-O-
methyl-transferase (COMT) di & F @ Val 158 et
LR EMEEBHREORE OV CHEZEY
P, Mz v RRERPNEERSY I LAY D
Met OIIHET OTFEL, REREMEH 250 5 2
EERHL T, S5 ) P IRERMOEEREHT
HERARVA—H A2 (PLA2) Z>wTRE LI,
A 2/A2 genotype GFIEH S LT KIREEIET) B o2
RO ELIEBRTH -, 20 L) ICBHIRERE
B EAESHHTCBEMIR v o T 3,

»rrBEHDIC

FRRIREGETNISERIK & oIENE <, SHENCIGH
BN BAHEMED D 0, BRFEERGEIN i Rh TR T B
IhbhT, #Re—H— LTOBMESHRS LT
V5, E RGO FICHRE A 2 7 LIBHHRER
EOETHRIOMEE DD WIICHEHIEBEHE L
bhoTndY, KTz ihofcdl, 7oF ¥y
F—FIURREEs KM T30 L LT PR ELE L
Lo lluehTwa, 5%, SsiEoy
LTI R R IREGE R B M ARG, Ty F Yy
4 — F % ¥ @ endophenotipic marker 2837, H 2

SRR

Vol.4 No.3 2004

CHH 3P ¥ 7 AR DT IBIRAET R b rto 7Y —

LRINSDWLL DhEHEAIEHETHVLANRZ O L
Hrohd, Ihd 3 o0OBESOLT R LERIGERICH
HYSIEETHD I L1, HAKTHEDORERINZ L -
THREBHTHLZELZ LD,

X B

1} Riimke IIC : Die klinische differenzierung innerhalb
der Gruppe der Schizophrenien. Nervenarat 29 © 49-
33, 1958

2) SEYREURT D RACSRENAL BRPRETARDEAE 10 1 1309-1321,
1981

3 A H=U EBHOME GYigh, MEEH  Cogni-
tion and Reality), 4 x> A, H5I, 1978

4) Kojima T, Matsushima E, Iwama Il ef af : Visual
perception process in amphetamine psychosis and
schizophrenics. Psychopharmacol Bull 22 . 768-773,
1986

5) Kojima T, Potkin S, Kharazmi Hl ¢t @l . Limited eve
movements in chronic schizophrenic patients. Psy-
chiatry Res 28 - 307-314, 1989

6) Kojima T, Matsushima E, Nakajima K ef al : Eye
movements in acute, chronic, and remitted schizo-
phrenics. Biol Psychiafry 27 : 973-989, 1990

7) Kojima T, Matsushima E. Ando K ¢! @/ . Explora-
tory eye movements and neuropsychological tests in
schizophrenic patients. Secliizophy Bull 18 © 85-94,
1992

8) /bEhgidh, RINSES ORISR 25 1 2 R E R
—FRFMEGRTE T & 2 BT, RTRNEREE 102 @ 445-458,
2000

9) Kojima T, Matsushima E, Ando K : Eyves and the
mind—psychophysiological approach to psychiatric
disorders through visual and ocular functions. Japan
Scientific Societies Press and Karger, Tokyo, 2000

10) Kojima T, Matsushima E, Toru M ef @l © Stability of
exploratory eye movements as a marker of schizo-
phrenia—A WHO multi-center study. Schizophy Res
52 1 203-213, 2001

11) Kojima T, Matsushima E, Nakajima K ef a/ . Eve
movements in schizophrenia—relationships among
eye movements under closed-eye, pursuit, and
exploratory conditions. Psychiatry Res, in press

12) Moriya H, Ando K, Kojima T ¢f af . Eye movements
during perception of pictures in chronic schizophre-
nia. Felia Psychiatr Newrol Jpn 26 © 189-199, 1972

13) Nakamura M, Matsushima E, Ohta K ¢t «f ! Rela-
tionship between attention and arousal level in

47(235)



14)

15)

16)

17

18)

19)

20

2D

22)

23)

24)

25)

26)

48(236)

schizophrenia. Psychiatry Clin Neurosci 57 . 472-
477, 2003

Obayashi S, Matsushima E, Ando H ef &f : Explora-
tory eye movement during the Benton Visual Reten-
tion Test ! characteristics of visual behavior in
schizophrenia. Psychiatry Clin Neurosci 57 . 409-
415, 2003

HaAHs, MBES, NNEEHRER T4 -2 v a—
F—ERAulRHaRFEOoREENR T oW
78, KRS 33 :697-704, 1991

Mikami T, Naruse N, Fukura Y ef 4! . Determining
vulnerability to schizophrenia in methamphetamine
psychosis—using exploratory eye movements. Psy-
chiatry Clin Neurosci 57 . 433-440, 2003
Matsushima E, Kojima T, Ohbayashi S ef af:
Exploratory eye movements in schizophrenic
patients and patients with frontal lobe lesions. Eur
Arch Psychiatry Clin Neurosci 241 © 210-214, 1992
Matsushima E, Kojima T, Obayashi S et af . Explor-
atory eye movements dysfunctions in patients with
schizophrenia : possibility as a discriminator for
schizophrenia. J Psychiatr Res 32 : 289-295, 1993
BELMEE [ i 2 25— & 5 Ry A A~
O7 Fo—F—, WEHE, RHEME, DRstE, o)
IR, W, 1991

R D FiREEREE RO LN RE RS L
DEHRBFOHRIORA, BREFHIE 54 1 785-804,
1995

Takahashi S, Tanabe E, Sakai T ef al . The rela-
tionship between exploratory eye movements, P 300,
and reaction time in schizophrenia. Psychiatry Res,
in press

iy, FABIEST L KIABERD A UV A2 L S
HE—IRFARERANC & B —, B LMD EE 10 :
153-156, 1999

Takahashi S, Tanabe E, Yara K ef af : Exploratory
eye movements in schizophrenic patients and their
siblings. Psychiatry Res, in press

BR—F, X, BIE—EH,  RoRlERHcsy
SR EHEER ML —ERRRESH 2w T—, O
KEEEMEEE 58 ¢ 499-508, 1999

Obayashi S, Matsushima E, Okubo Y : Relationship
between exploratory eye movements and clinical
course in schizophrenic patients. Eur Arch Psychia-
try Clin Neurosci 251 : 211-216, 2001

Takahashi S, Otsuki T, Tanabe E ef 4! : Significant
linkage to chromosome 22q for exploratory eve
movement dysfunction in schizophrenia. Am J Med
Genet 123 B : 27-32, 2003

27)

28)

29)

R4

3D

32)

33)

34)

35

36)

3N

38

39

40)

Takahashi S, Cui YH, Kojima T et 4/ ! Family-
based association study of markers on chromosome
22 in schizophrenia using African-American, Eur-
opean-American and Chinese families. Am J Med
Genet 120B : 11-17, 2003

Takahashi 8§, Cui YH, Kojima T et al: Family-
based association study of the NOTCH 4 gene in
schizophrenia using Japanese and Chinese families.
Biol Psychiatry 54 : 129-135, 2003

Yu S, Takahashi S, Arinami T et @l . Mutation
screening and association study of beta-adrenagic
receptor kinase 2 gene in schizophrenia families.
Psychiatry Res 125 © 95-104, 2004

Matsuda T, Matsuura M, Ohkubo T ef a!f : Influ-
ence of arousal level for functional magnetic reso-
nance imaging (fMRI) study ! simultaneous record-
ing of fMRI and electroencephalogram. Psychiatry
Clin Neurosci 56 289-290, 2002

KAARREA, AR, KAIRERES | FaER0R
BRGE DY SRR & #REEMY MRL, E{IRRA 2L 43 © 767-773,
2001

RAJRCEE, AFEFEA, BMmEiE) @ EFRRREHO
AR —IMRI 2 L EE R E RS RFEDTOR
WA OB, EEIKMAEE 45 227-233, 2003
RACIGIE, AAMRME, il @ EHIREGEDO M
FERMS—IMRI E R HERAEOIREE & IRSR AT -
RIMBIER & DI, HIHIZES: 45 1285-1290, 2003
Matsuda T, Matsuura M, Ohkubo T ef af . Func-
tional MRI mapping of brain activation during visu-
ally guided saccades and antisaccades : cortical and
subcortical networks, Psychiatry Res ! Neuroimag-
ing, in press

I R—, S, BER—RIEH D SEaRNo R
WZBET 2 I — R IRERHE 2 e, RSB BN L 35
ERESHFoOMMR—, ARESFHELE 56 1 580-500,
1997

TR, SRIERT, DOMERIEA | IRERRIMNOE
HEAREREIAT L, RIFRES 43 [ 1297-1304, 2001
Diefendorf AR, Dodge R : An experimental study of
the ocular reactions of the insane from photographic
records. Brain 31 . 451-489, 1908

Holzman PS, Proctor LR, Hughes DW : Eye-track-
ing patterns in schizophrenia. Science 181 . 179-181,
1973

Holzman PS, Proctor LR, Levy DL et @l . Eye-track-
ing dysfunctions in schizophrenic patients and their
relatives. Arch Gen Psychiatry 31 : 143-151, 1974
Holzman PS, Soloman CM, Levin S e¢f af : Pursuit
eyve movement dysfunctions in schizophrenia. Fam-

STFHMES Vol.4 No.3 2004



41)

42)

43)

44

—

45)

ily evidence for specificity. Arch Gen Psychiatry
41 : 136-139, 1984

Iolzman PS, Kringlen E, Levy DL ef ¢! : Smooth
pursuit eyve movement in twins discordant for schizo-
phrenia. J Psychiatr Res 14 . 111-120, 1578

Thaker GK, Ross DE, Cassady SL et al : Saccadic
eye movement abnormalities in relatives of patients
with schizophrenia. Schizophr Res 45 © 235-244, 2000
Litman RE, Torrey EF, Hommer DW ef af: A
quantitative analysis of smooth pursuit eye tracking
in monozygotic twins discordant for schizophrenia.
Arch Gen Psychiatry 54 © 417-426, 1997

Tregellas JR, Tanabe JL, Miller DE et a4l © Neur-
ohiology of smooth pursuit eye movement deficits in
schizophrenia : an fMRI study. Am J Psychiatry
161 : 315-321, 2004

Arolt V, Lencer R, Nolte A e al . Eve tracking
dysfunction is a putative phenotypic susceptibility
marker of schizophrenia and maps to a locus on
chromosome 6 p in families with multiple occurrence

SRR

AANEIE P ¥ AR O RIEEF R bty T Y —

46)

47

48)

49)

Vol.4 No.3 2004

of the disease. Am J Med Genet 67 : 564-579, 1996
Arolt V, Lencer R, Purmann S ef a! : Testing for
linkage of eye tracking dysfunction and schizophre-
nia to markers on chromosomes 6,8,9,20 and 22 in
families multiply affected with schizophrenia. Am J
Med Genet 88 : 603-606, 1999

Rybakowski JK, Borkowska A, Czerski PM ef ol :
Dopamine D3 receptor (DRD3) gene polymor-
phism is associated with the intensity of eye move-
ment disturbances in schizophrenic patients and
healthy subjects. Mol Psychiatvy 6 718-724, 2001
Rybakowski JK, Borkowska A, Czerski PM et a4l :
Eye movement disturbances in schizophrenia and a
polymorphism of catechol-O-methyltransierase
gene. Psychiatry Kes 113 : 49-57, 2002

Rybakowski JK, Borkowska A, Czerski PM el af :
The study of cytosolic phospholipase A2 gene
polymorphism in schizophrenia using eye movement
disturbances as an endophenotypic marker. Neurop-
sychobiology 47 : 115-119, 2003

49(237)



HTRA%REEE

~BFEEE D RETTR~
U EHET ZRT AE
AARMERLE 2 kTR B FFHE—, HbeT
oA K R E O FAHIE
A KRBIED 5 TRkt AN=1R)
KA EEONR{Z MHEE, EOEE
Ko BEO S TR 15PN
SRR 0D fid % Bk, REHHE
T IV INA 2 — RO FihE K MNIERE, BB
SHER A b L AREE(PTSD) ORNEE ————— (LRIEHE, AR —ES, mMSEE

SHER 2 b L 2 FEE(PTSD) D 43 TR BHFBR, #H—8, miEgEsE

HREM SIS DERReEomE] BIR
HAIZENEHEE B131% F125 k16 (2004) 46 A15HRIT



