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Ltz 2 IE» T, —&FH, &P, =
KPOTSTERBLABVUEAT, Thhb
OKMEROBEAHEIZT I L ERET L
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(5% BNRERTICHT SRRELSHET M)

HERFAERE IR T 3 BENER .
MATRICS Consensus Cognitive Battery & O pgs#*

£ F

F A

* ERRFAMRBELER

BY  HELBEBEORIEMNERIC OV T, Measurement and Treatment Research to Improve Cognition in
Schizophrenia (MATRICS) O FIRBEIcBV 228 U4, RHREABMSHR L A 2OBERE Y 7Y -
MATRICS Consensus Cognitive Battery (MCCB) &3t L, HEEFHESETE TRINS 15 Bk #HIH co-
primary measures & L TEHs T &, FHTRIT. BIEMEROBRIE, 445 b5 neuropsychological per-
formance, functional capacity, functional performance {22 W THBIL /. 2@ LT, functional capacity % co-
primary measures D ¥ —4 v b L& &, FAEDFRMEIC performance-based approach & interview-based ap-
proach iZ & A FEMEFE N TS C &HVLTili~<4. & 5IZ functional performance DEEICHVT H, £0
FEXBEOHLETHEOFBRMETH S L, BLULORBERETH S community functioning measures 4
MCCB ORLEURIICAV SN TE LI LSV TiliN, Bikic, RIEMNERBORE, $/1bB co-primary
measures %> community functioning measures Z3EELIA O ZE AT ARICE U2 BMEIc>LTERLL,

F-7— F . HE&%KUBEE, MATRICS Consensus Cognitive Battery, BHERISEH, Co-primary measures, Community

functioning measures

Measurement and Treatment Research to Improve
Cognition in Schizophrenia (MATRICS) (&, 2003 &Eicigsh
ShcHARAFEIC BT 2 ERRECRZBOHORE L
BREMETH 5 (httpy/www.matrics.ucla.edw/). MATRICS
REOHRICE, 1) HEKRECRABIEMSREEN SR
(functional outcome) KRBT 5 EMPFODICH 12
&, ThwZ 2) RABEORESTIRMREDER Y —
F¥obr&shtol &, UL, 3) BHEIC & 32086
WAEDRECABMNCHEE L S BRE)LRE Yy 7Y -
I LT E, BEPFSNS (Green and
Nuechterlein, 2004; Green et al, 2004b). BiHEfj <y 57 Y —
PS¢ o 1o ic, MATRICS HERMER L (MATRICS
Neurocognition Committee) #fah, HME ait
E, OEEEZ) 0oyt vy 2ICE-50 T MATRICS
Consensus Cognitive Battery (MCCB) DBR M D S
7z (Nuechterlein et al, 2008). T L THERLEZ E T,
MATRICS-PASS (MATRICS Psychonomic and Standardi-
zation Study) <& b, MCCB 0E#s{k, L UEHMR
LU ORI &EOPRSBITHONTE /2 (Kem et al, 2008).

MCCB {4, #&0BFARE Tl Y G 8RN LZD
BEEDIEEE (primary measure) TH 5. ZOMRBART
primary measure & X359 5 BRAERIERIR O H58E (co-primary
measures/community functioning measures) 2\ T b

* AEI S 40 Bl A MR R RIS S (01049 A, U8)
KBSy R Yy aRoRKRTH 3,

* T960-1296 B H BN 1
E-mail: sumiyoshi@educ.fukushima-u.ac.jp
(BUBIESRSE - (EFF 1)

EMHEHDoNTEL (Green et al, 2008). TO L3
MATRICS @13, BRIENEREO B MGMIcBEY
BLERLHFELTELLEDNS,

FRETEES, HERBBEORENRRIC- VTS
BT 5. RiCKEHENEMD 2 2D L <, functional capac-
ity & functional performance iK2\W T, MESOWA LS
HooN5B, ks, ChoBfetRogEH . SEA
OBRICE I 3 REEEHT 5.

I #EsyEER

Bierinig e 3, H&EFBcbdsFeEkL, B
i, B LAERE (&% - REOEELLY) »5, #l
%, HR - BEORECOLIEAREYEEEKT S
(Green et al, 2000). Ch ol WTHEELE L <L
E32T, Wo>»r0BEMBEIIRSL (K1), #HEN
kwoERLNLIZIOZ, MELHEHENRAORT
(neuropsychological performance) TH 5, TDLVXLD
PHIBEREGEY, BEEELGEEMBLEVW N
£ (XF - BHFINORFBPLESBELE), ChoaT
BEOHLNTHRETH T s03B L. 20T, HEE
ENOBICE IS U - BENSIBOFME L N A MSEL L
% (Green et al, 2004a).

F—E¥REDS functional capacity TH b, FTELAEERGE
ZRITLEBSVNVTHA, BlEMICEHERMEINRET
(RABES) <, VELCHCEBERL Y OHBERHK
B v ialb—vavTEIBRETHI. ROBRER
functional performance T&» Y, EEOHSEEMIHBRE
HEREWIELC ETHS, BERANCE, BEESCBY
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_ :?‘;Funcﬂonal Community
' performance functioning ~ SFS/SAS
% frfEkly  Mmeasures  efiC..
¥ H& - BADTEHY
| cmpmmEr—e
% . ‘:’ l it UPSA-B
.+ Functiona Co-primary
g .. capacity measures SCoRS
g f etc...
N Neuropsychological  Primary MCCB
g performance measures BACS
o ] etc...
Basine MEE

1 BHEFER RIS & R

ZECEM HX BHFUSABGRLERHSLEIRETSH
5. Functional capacity & functional performance i3, X
fENicBs fa 5 2 (competence) ) & [7¢7 + —
7 ¥ 2 (performance) ] OBHRICHIRIL TV 3 (Harvey
and Velligan, 2011). ¥4 bbREEMICEISo-A7
VAT, BUIcEBRMEPRIELHMTESLR, Ch
SO ERITTE ZWERNERET S, LrLRES
HOBVWIPEG TR, AECHAMRICEZ 7Ly v v -,
APLREEDS, HTLLTOENMBTFICRIMTES
EidPR S22\ (Green et al, 2004a).

*EHARERDE (Food and Drug Administration; FDA)
&, FIEEREOHROFEICH VT, meuropsycholo-
gical performance D% (R LHERH MR ERHTIRIIV]
LT, WRESHLEERBEC Ly, RIMIZAH (face
validity) &> BEMNEROEESLETHEEVSR
f2% 7Rk L7 (Buchananetal, 2010). % 0, primary meas-
ure TH 5 MCCB icxt L, co-primary measures & L T
EMEROEELER L& wR 5, UL MATRICS
BY¥13, co-primary measures D .S HBAREICHEL L T
Wiih o &BHN S (Buchanan et al, 2010; Green et al,
2004b). %= C T, MCCB ici &8 L 7 co-primary meas-
ures DRHF R 7 ) —DORREE bICEHON BT
Eiclinte,

II. Co-Primary Measures

iR a RE O X H A4 b E 61 primary measure {2
RMtxh s &4 hid, co-primary measures {EflEL IR O
primary measure &I L THB ST Z I EHPENB, £
CTET, BEENERODE DL < co-primary meas-
ures 2B AT BELBMBE 5, BEMICIE, func
tional performance L <~V DRk, T bbRBEOHEE
RSB AR08 « 3 « RU - HEdE - HABRORRE
22>V TOFMH, EBIYLL co-primary measures & LT

HEN 5 (Green et al, 20043, 2004b). LA L ERic i,
COVNADERZH LTIz, NMEERSE LRS- #2
BH (BEOLEHE - MWREHKRE - REPMEHLS
B ARMEFIOED HLE) MEBTEH (KD,
RABRAEDRTI M) L 1R 0B FET 5 0M L.
% C T, functional performance - E 3 & PEB (interven-
ing step) & LT, functional capacity @ L ~< b #! co-primary
measures ICHIE L W & Hir 17z (Green et al, 2004a).
SElCai<7: & SIS, functional capacity L XV THIES h
BI2ATERNENR, BEMERWOLHEERTLES (cando)
fENEBL, KBHCHSEETEOMENMSRIMTE 5
(actually does) T & %{RIET 3 DTV (Bowie et al,
2006; Green et al, 2004a). L2 L, R3S MM
UHHNERME NS bDOTHD, functional performance
LHBEFGTIRBCLIEEI SN,

Functional capacity L ~ VORI D FMic >4\ T, per-
formance-based approach & interview-based approach iT &
S3FELRIFENTE /. (Buchanan et al, 2010). i3,
EROEFERHICE LT EELSEH - H20BHE (2% -
REDOER, NEBMONA, BELEHLIIE) Ovia
V—va vicky, EHORELFMHET 5. EuRE
7Y — & LT, Maryland Assessment of Social Competence
(Bellack et al, 1994), Test of Adaptive Behavior in Schizo-
phrenia (TABS; Velligan et al, 2007), Independent Living
Scales (Loeb, 1996), University of California at San Diego
(UCSD) Performance-Based Skills Assessment (UPSA;
Patterson et al, 2001), % DMBEAR & L T UPSA Brief
Version (UPSA-B; Mausbach et al, 2007) A& oh 3,

—7, interview-based approach T, WE#iH O 5F{H,
S5V EBEPNBENOHENS Y2 -ITX T,
functional capacity DIRME% FMid 5. BEMICE, BT
H - NEBH50VREAN, RRRIEORES, BBtk
BB 5 BEEFOHOETIC VLW TOHE L FET 5.
Z @ & 9 11 interview-based approach DfRFZM L bD & L
T, Schizophrenia Cognition Rating Scale (SCoRS; Keefe et
al, 2006), Clinical Global Impression of Cognition of Schizo-
phrenia (CGI-CogS; Ventura et al, 2008) »%if5h 3.

Performance-based approach. interview-based approach
& IS, co-primary measures & L T bHEIIE L WRER
o/ vy 7Y —OHEN, MATRICS Co-primary and
Translation (MATRICS-CT) %2t > TE L
(Buchanan et al, 2010). [EI#H%%id, co-primary measures
CEETh 358 281, ThoiciE-S VT performance-
based approach & X 5 E/¥» 7 ) — & L T Maryland
Assessment of Social Competence & UPSA, interview-
based approach = X 2@ RHEE & L T, SCoRS & CGI-
CogS EBAT:. Th o> W TTFHIAALET-
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RER D LE4 7)) - REQTXTRE-HRE
EEEEied, 2 HELEENRE S OBl per-
formance based D/ F Y — DA KEW, 3) L4
{24 ~<T community functioning & OB Z 2 & K&
¢ 13 (relatively modest), 4) interview-based D RIE T
BEORBEMELPTL, TEEHELHIILTVLS
(Green et al, 2008).

& 5 | MATRICS-CT X, Validation of Intermediate
Measure Study (VIM) ZH& L, X0 RFEITLFHET
co-primary measures 2 8HE L WEEHEREER, Yy 71 —
OEE - FEORIEEEDT VS, TOHETHE, in-
terview-based approach D581 & L T Cognitive Assessment
Interview (CAI) 4 CGI-CogS, performance-based approach
OEEE LT, TABS ® UPSA 2 ST T NEFRHHO co-
primary measures BRI E & & 1 /c ((Buchanan et al,
2010). VIM i3, performance based @ co-primary measures
Tt UPSA #%, % 7:fHiB8KK T ix TABS & UPSA A4, co-

HSEMEBRBICEITIHMENESR 253

primary measures & LCHE LV EH 2R OB AT
T &ML TS (Green et al, 2008; Harvey and
Velligan, 2011). LA LB E T, interview-based, per-
formance-based i 7 7 © — F & & {Z, co-primary measure
&L TH—DRSEFHERE - vy 7Y —~@dHEESATY
LWwEEbh S (Buchanan et al, 2010).

D& iz, MCCB D% & #ifh L T co-primary meas-
ures DWUFR bF D SN TE 4. MCCB D HAE
FRODIERR E & iz, FHTH LI co-primary measures @
Wl ohid, FTIPAMKRAOATHS, PAE, in-
terview-based I2 &k 5 & D & L T SCoRS-J (Yl &, 2010,
2011), performance-based ® & @ & L T UPSA-B_J hi%y
oh3d (EEoS, 2011b; X 2). UPSA-B 3, ERLA4FE
e 5 UPSA oL, 2FHMEEE 12
b= a VERERKE--HbDTH5 (), +OEAE
T&% 5 UPSA-B J i3, thTuli~3 &Iz, UPSA-B OEEE
IREBICHEDEE « #£ « LR EHE U - BEHSH

UCSD Performance-based Skills
Assessment - Brief (UPSA-B)

EWEUVER/AT=aT7IL

[ .
UPSAB (tremasonal wersion) B RS, BRRBOEHRE LTUPSABERN T IR NIZ,
BRSSO PaterondMEERTHRI K. OXBENLBRBATCHS .

a8 AR (BUXTEIREFEZURENINNITRG)
28 25 (EAXPARRAX TP
Chantal Hervend (Betisth Councll, Tolya)

UPSA-B nierradons] vensikr) B X B S TONLBDHY - REAFE UL TIRTFIZHEL
LRy

~RHBA : TALN orkaumyoshB4OG hoimat.con

HMBCRN « MEAS : GRS : woyocth@oduAkushimawsep

UPSAB_J (Rev. March 2011) 1
Copyright T.L. Paterson, 2008 ~ Al (GHIS rescrved.

AR nrso806¢
SRHAREBYAL ST FLERTY

00 ass
-1 { ] B2
845-783-000-8

sHRnan
BESEY

BRCON ASRATHMRADERSH

(SRR

tRsB~21R¢B

wsany tR1B
(=TT tAwva
RALWRT (DB EL/RIDA) tAmA
L epoan—mmm TGN

IR 08

ARASWAN (KW me
AMARANRR om
Ry n8 SRR 9%em
LREME 1A W BIERRLMSLELE.
BYRESITXLELE
SRt distas
ORBO TN - BRABEE) = I { YAT (HEBP =R UL —n)
HENY~UREL A~ B 0120-000-3432

Yy L T

BEl2 UPSA-B_J o (&) » MR ().

#& UPSA-B_J & Modified SFS/SAS for MATRICS PASS_] O FFE fUs

UPSA-B_J Modified SFS/SAS for MATRICS PASS J
S EmAEE ’s“iggya’ SFS /<= b SAS /¢ — b
- SRIE BEEMT B AECbb | B8 G- RO 5
| MRGORARD | WBLIFHEF | BT | (HF0) BEMNEE
o BY-fEN | (HR0) BiFoNE
e
Hesmn
3t

"BEL/S co-primary measures AR TN ERME LTUTHBET ShTV3: 1) BA-BREEHYE (test-retest reliability), 2) K
BRI B 2EAME (utility as repeated measures), 3) BIHENISEH & DM (relationship to functional status), 4) AR/
BEdE (tolerability/practicality), 5) KRS (number of missing data), # & U 6) FMELEEEMTEIC 51 2817 & OB (degree
of correlation with cognitive performance) (Green et al, 2008, supplement).
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BT B9, neuropsychological performance &3
G TR functional performance @ 5f 1A, GY682 A
SEUE L v DA U2 RO SO A S fune-
tional performance % T fllid 5 O @ EEL L0
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and Patrick, 20070 i3,
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LN PR e R

S PPN SN S AR AE SRR 63 18 5 /D
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Abstract: Chika SUMIYOSHI (Faculty of Human Development and Culture, | Kanayagawa, Fukushima, 960-1236 Japan) Functional ouicome
in schizophrenia: Relation lo the MATRICS consensus cognitive battery. Jpn. J. Neurapsychopharmacol., 31: 251-257 (2011).

Functional outcome includes a wide range of abilities from successful performance on neurocognitive tests to managing independent living in
the community. Assessment of functional outcome has been one of the main concerns in the Measurement and Treatment Research to Improve
Cognition in Schizophrenia (MATRICS), as it is supposed to mirror the cognitive improvement on the primary measure (i.e. MATRICS
Consensus Cognitive Battery; MCCB) . The first step was to identify an optimal level of functional outcome; functional capacity was specified
as co-primary measures for MCCB. Subsequently, appropriate co-primary measures were explored both in performance-based and interview-
based approaches. To study a higher level of functional outcome, functional performance has also been considered, which predicts the ability of
patients to adjust themselves to the community. Among the community functioning measures developed recently, the Medified SFS/SAS for
MATRICS-PASS (Social Functioning Scale/Social Adjustment Scale for MATRICS-Psychonomic and Standardization Study) was introduced,
based on its ability to predict social functioning in patients with schizophrenia. Finally, the author discussed several issues concerning the trans-
lation of functional outcome measures into non-English languages.

Key words: Schizophrenia, MATRICS Consensus Cognitive Battery, Functional outcome, Co-primary measures, Community functioning
measures
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Despite rigorous research on disturbances of executive function and social cognition in autism spectrum
disorders (ASD), little information has been available concerning higher cognitive functions, such as the
ability to focus and associate relevant features to form categories, or ‘organizing of information’. The
purpose of this study was to investigate this issue by using the Wisconsin Card Sorting Test (WCST)
and the Verbal Learning Task (VLT). Cognitive assessments were conducted in 22 individuals with ASD,
14 non-affected siblings, and 15 age-matched control subjects. Overall, individuals with ASD performed
significantly worse on the WCST and VLT compared to their siblings and normal control subjects. Although
siblings performed generally well on both tasks, they exhibited similar degree of perseverative responses
in the WCST compared to the probands. A linear increase of the memory organization score in the VLT
was also absent in siblings as well as the ASD group. These results suggest an impaired ability to organize
information is one of the cognitive endophenotypes for ASD.

© 2010 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
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Abbreviations: ASD, autistic spectrum disorders; WCST, Wisconsin Card Sorting
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1 The AQ is a self-report questionnaire consisting of five domains of questions
regarding the psychopathology of ASD: social skills, attention switching, attention
to detail, communication, and imagination.

2 The CARS is a behavior rating scale completed by clinician or parents based
on subjective observation. The scale contains 15 items (e.g. relationship to people,
imitation, and so on) and each item is rated with 1 (normal for child’s age) to 4
(severely abnormal).

3 This BAP scale covers three domains of autism, i.e. ‘communication impairment’,
‘social dysfunction’, and ‘stereotyped and repetitive behavior’. Each domain includes
items coded as either ‘presence’ or ‘absence’ of autistic symptoms. A subject would
be classified as BAP if his/her total score of each domain exceeds the designated
cut-off point.

4 There were two outliers in the %PEM, deviating 25D from the average of the ASD
group. We re-analyzed the data excluding these deviations but the main results have
remained the same.

1. Introduction

High-functioning autism (HFA) and Asperger syndrome (AS) are
defined as a part of autism spectrum disorders (ASD), characterized
by difficulties in establishing social relationships, poor communica-
tion skills, lack of imaginative behavior, and repetitive stereotypic
behaviors (American Psychiatric Association, 1994; World Health
Organization, 1992). Although subjects with HFA or AS do not show
a significant delay in intelligence, they have been reported to elicit
disturbances of some domains of cognitive function, e.g. social
cognition (Baron-Cohen et al., 1985) and executive function (Hill,
2004). For example, they perform poorly on various types of The-
ory of Mind tasks, ranging from perceptual (e.g. The Eyes Task),
verbal (e.g. The Strange Stories) (Kaland et al., 2008a) to emotional
ones (identification of emotional states of others) (Shamay-Tsoory,
2008). These results suggest the inability to recognize thoughts and
feelings to understand how others act. Also, subjects with ASD have
been reported to show impaired executive function, specifically,
cognitive flexibility (Geurts et al., 2004) and inhibition (Happeet al.,
2006).

Although previous studies have identified some aspects of cog-
nitive disturbance associated with ASD, more specific assessments
of higher cognitive functions would help further understand the
psychopathology of the disorder. Specifically, ‘organizing infor-

0168-0102/$ - see front matter © 2010 Elsevier Ireland Ltd and the Japan Neuroscience Society. All rights reserved.
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mation’, i.e. the process of focusing and associating relevant
information to form categories, appears to be worth investigat-
ing, as they are assumed to be pertinent to some cardinal traits,
such as inflexible and perseverated behavior or restricted interests
(Kenworthy et al., 2005).

The Wisconsin Card Sorting Test (WCST; Heaton et al., 1993) has
been used to provide a good measure to evaluate the focusing pro-
cess. This test consists of four stimulus types, and requires subjects
to detect sorting principles from stimulus cards and categorize a
response card. The task proceeds through the shifts of sorting prin-
ciples, i.e. color, form and number. Successful performance on the
WCST depends on the ability to detect the correct sorting princi-
ple on the basis of feedback, and maintain the principle until it is
replaced by a new one.

From 1980s onward, more than 30 studies have been conducted
to examine the WCST performance in individual with ASD. The
majority of them have reported the degradation in performance
on some measures of the task (generally, the number of cate-
gories achieved and perseverative errors. For review, Hill (2004),
Pennington and Ozonoff (1996), for recent studies, Ambery et al.,
2006; Geurts et al., 2004; Hill, 2004; Hill and Bird, 2006; Kaland
et al.,, 2008b; Lopez et al., 2005; Pennington and Ozonoff, 1996;
Sergeantetal.,, 2002; Voelbel et al.,, 2006; Winsler et al., 2007). Stud-
ies targeting adults with ASD, however, have been relatively limited
(Ambery et al., 2006; Ciesielski and Harris, 1997; Lopez et al., 2005;
Rumsey, 1985; Rumsey and Hamburger, 1988, 1990). Most of these
investigations have reported poor achievement of the task in adults
with ASD, as has been observed in the studies for younger samples.
Ambery et al. (2006), for example, has reported that adults with
ASD produced substantially greater perseverative errors, indicat-
ing that the ability to find and utilize relevant features of in-coming
information may not have been well developed in people with ASD.

There is also paucity of information as to the ability to asso-
ciate information for category formation in individuals with ASD,
besides the findings from free-recall task (Tager-Flusberg, 1991)
and the California Verbal Learning Task (CVLT; Delis et al., 1987).
Both tasks are similar in that they require subjects to learn orally
presented word lists and let them recognize the association of pre-
sented stimulus; the association process is evaluated to calculate
the difference in the number of recalled words between related
(members of a particular category) and unrelated word lists in
the free-recall task, or by the number of voluntarily re-organized
category-wise responses in the CVLT. Subjects with ASD have been
reported to fail to achieve better in the related lists compared to
the unrelated lists in the free-recall paradigm, unlike 1Q-matched
normal controls (Bowler et al., 1997). On the other hand, a study
with the CVLT (Minshew and Goldstein, 1993) has not detected
clear differences in the semantic cluster ratio, a measure of category
formation, between subjects with ASD and normal controls.

Given the mixed results from these verbal learning tasks, more
sensitive methods to evaluate the ability to associate information
for categorization is needed. The Verbal Learning Task (VLT; Gold
et al,, 1992; Yamashita et al., 2000), which has been used in the
studies of schizophrenia, would be appropriate for this purpose.
The VLT consists of three types of word lists: the Random, Blocked,
and Semi-blocked lists. The Random list consists of semantically
unrelated nouns while the Blocked and Semi-blocked lists contain
category exemplars. In the Blocked list, the words are presented
on a category-basis, while the words of the same category are
never presented consecutively in the Semi-blocked list. One of the
strength of the VLT is the inclusion of the SCR (Stimulus Cate-
gory Repetition; Bousfield and Bousfield, 1966), which quantifies
the category-wised responses in the Semi-blocked list. With this
measure, the process of category-formation is directly evaluated.

To determine if the deficits of organizing information, discussed
above, are cognitive traits specific to ASD, i.e. a cognitive endophe-

notype, it would be worthwhile to investigate this cognitive ability
in biological relatives. A number of studies have reported that
several domains of cognitive function are, to some extent, dis-
turbed in first-degree relatives of individuals with ASD (Bailey
et al., 1998; Dorris et al., 2004): executive function (Delorme et al.,
2007; Hughes et al,, 1999; Kawakubo et al,, 2009), central coher-
ence (Baron-Cohen and Hammer, 1997; Baron-Cohen et al., 2006;
de Jonge et al., 2006; Fombonne et al., 1997), and Theory of Mind
(Smalley and Asarnow, 1990; Szatmari et al., 1993). As to the pro-
cesses of organizing information, however, clear results have not
been obtained. For instance, Ozonoff et al. (1993) has reported
that sibling of ASD exhibited no distinct impairments in the over-
all performance on the WCST. On the other hand, studies using
the intradimensional/extradimensional (ID/ED) set-shifting task,
a categorization task akin to the WCST, have reported that par-
ents (Hughes et al,, 1997) and siblings (Hughes et al,, 1999) of
ASD probands performed poorly compared with those of typically-
developed children. Apart from those contradicted findings for the
ability to focus on relevant information, little is known about the
process for category formation, at least under the verbal leaning
task paradigm, in siblings of individuals with ASD.

The purposes of the current study were two-fold: first, the abil-
ity to organize information, specifically focusing and associating
the relevant features to form categories, were investigated in sub-
jects with ASD using the WCST and the VLT. The two tasks have
been typically used as the measure for executive function (flexi-
bility) and verbal learning (or working memory), respectively. The
simultaneous implementation of these two tests, however, would
be useful to evaluate the two processes of organizing of informa-
tion; the percentage of perseverative errors of Milner (¥PEM) in
the WCST provide the index for the focusing process while the SCR
in the VLT represents the one for the association process. Second,
the possibility that the deficits of the two cognitive processes are
ones of the cognitive markers, i.e. endophenotypes, of ASD was
examined by administrating these tasks to siblings of subjects with
ASD.

2. Method
2.1. Subjects

Twenty-two individuals with ASD (M/F=19/3), 14 non-
affected siblings (M/F=8/6), and 15 age-matched normal controls
(M/F=11/4) entered the study. Male/female ratio was not signifi-
cantly different among the groups (x2=4.01, df=2, n.s.). Subjects
in the ASD group met DSM-IV criteria for autistic disorder (N=8),
Asperger disorder (N=12) or pervasive developmental disorder not
otherwise specified (PDD-NOS) (N=2).

Individuals with ASD and their siblings were recruited from
outpatient clinics in the following institutions: Departments of
Neuropsychiatry and Child Psychiatry, University of Tokyo Hospital
and Mie Prefectural Asunaro Hospital for Children and Adoles-
cent Psychiatry. Participants from public symposia on ASD which
took place at The University of Tokyo were also included. Healthy
controls were mainly recruited from hospital staff members, their
acquaintances and children, and college students. Exclusion cri-
teria were neurological illness, traumatic brain injury with any
known cognitive consequences and loss of consciousness for more
than 5min, a history of electroconvulsive therapy, and alco-
hol/substance abuse or addiction. Besides, based on the Structured
Interview Schedule of DSM-IV Axis I Disorders Research Version
Non-patient Edition (SCID-I/NP), normal controls were excluded if
they or their first-degree relatives had a history of DSM-1V axis 1 dis-
orders. Qs were evaluated with the WISC-III or WAIS-R (IQ range:
normal controls; 87-120, siblings; 90-118, ASD; 58-114). The full
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Table 1
Demographic and clinical data.
Controls Siblings ASD?

Male/female 11/4 8/6 19/3
Age 29.7(6.4) 24.5(4.0) 26.5(7.4)
Education 15.9(2.1) 15.3(1.6) 12.5(1.8)"
CARS - 15.6(0.8) 31.2(6.1)
AQ-} 16.3(5.6) 22.7 (5.52) 30.6 (8.6)°
Medication (mg/day)® - - 220.8 (347.7)
1Q° 99.7(8.6) 101.2(10.4) 94.1(17.8)

Note: ASD, autism spectrum disorders; CARS, Childhood Autism Rating Scale; AQ-],
Autism-Spectrum Quotient Japanese version.

2 Missing data in education=7, CARS=1, AQ-J=10.

b Chlorpromazine equivalent dose.

¢ Estimated IQ, controls and siblings; Full IQ, ASD.

* p<0.01; compared to controls and siblings.

i p<0.01; compared to siblings.

t p<0.05; compared to siblings.

version was administered to subjects with ASD and siblings while
the abbreviated one (i.e. Information, Similarities, Picture Comple-
tion, and Digit Symbol-Coding) was applied to normal controls.
Although 4 subjects with ASD had IQs of less than 70, they were
included in the study as they had completed at least high school
education (i.e. more than 12 years). In fact, the directions of princi-
pal results, presented later, did not change even if data from those
cases were excluded. The Ethical Committee of The University of
Tokyo Hospital approved this study (receipt No. 630-5). The Mie
Prefectural Asunaro Hospital for Children and Adolescent Psychi-
atry delegated the ethical review to the ethical committee of The
University of Tokyo Hospital because they did not have an institu-
tional review board. Written informed consent was obtained from
all participants.

The Autism-Spectrum Quotient Japanese version (AQ-J; Kurita
and Koyama, 2006)° was administered to probands, siblings, and
normal controls. In addition, subjects with ASD and siblings were
assessed by the Childhood Autism Rating Scale-Tokyo Version
(CARS-TV; Kurita et al., 1989)F by trained child psychiatrists. One-
way ANOVA for AQ-] yielded a significant group difference (F=9.65,
df=2, 25, p<0.01). Multiple comparisons with the Tukey method
revealed that the ASD group elicited a significantly higher score
than other two groups (p<0.05). As to CARS, t-test revealed a
significantly higher score for the ASD group compared to sib-
lings (t=9.23, df=17, p<0.01). These results indicate that the ASD
group and other two groups were clinically independent. In fact,
no siblings were found to elicit autistic features as evaluated
by the Broader Autism Phenotype (Le Couteur et al,, 1996).7 All
but one on the ASD subjects received medication, with eight of
them treated with antipsychotics (risperidone =4; pimoizide=2;
haloperidol =2). Other medications included mood stabilizers (e.g.
valproate =6, lithium=3), benzodiazepines (e.g. bromazepam=3,
nitrazepam=2, triazolam=2), anti-depressants (e.g. fluvoxam-
ine =4, paroxetine = 3), and anti-parkinson drugs (e.g. biperiden =5,
trihexyphenidyl = 2). Demographic and clinical profiles of partici-
pants are summarized in Table 1.

5 The AQ is a self-report questionnaire consisting of five domains of questions
regarding the psychopathology of ASD: social skills, attention switching, attention
to detail, communication, and imagination.

6 The CARS is a behavior rating scale completed by clinician or parents based
on subjective observation. The scale contains 15 items (e.g. relationship to people,
imitation, and so on) and each item is rated with 1 (normal for child’s age) to 4
(severely abnormal).

7 This BAP scale covers three domains of autism, i.e.‘communication impairment’,
‘social dysfunction’, and ‘stereotyped and repetitive behavior'. Each domain includes
items coded as either ‘presence’ or ‘absence’ of autistic symptoms. A subject would
be classified as BAP if his/her total score of each domain exceeds the designated
cut-off point.

2.2. Design and procedure

WCST. A computerized version of the WCST (WCST-64:
Computer Version-2 Research Edition, Psychological Assessment
Resources, Inc.) was used. Subjects were requested to sort cards
according to one of the implicit principles (i.e. color, shape, and
number), which is altered after 10 consecutive correct responses.
A test session was terminated when 6 shifts had been completed.
Three variables, (1) number of categories achieved (CA), (2) the per-
centage of perseverative errors of Milner (¥PEM), and (3) reaction
time (RT), were analyzed.

VLT. The Japanese version of the VLT (JVLT; Yamashita et al,,
2000) was used. This task consists of three 16-word lists: Random
list, Blocked list, and Semi-blocked list. The Random list consists of
16 unrelated nouns. Other two lists contain four exemplars from
four taxonomic categories (the Blocked list: stationery, animal,
musical instruments, and sports; the Semi-blocked list: vehicles,
seasoning, flower, and countries). In the Blocked list, exemplars in
the same category were presented consecutively, while they were
never given serially in the Semi-blocked list. Thus, in the Semi-
blocked list, the list items would be re-organized in a category-wise
manner, if a subject voluntary formed categories to be utilized as
recalling cues.

Three trials were conducted and each trial included the Random,
Blocked, and Semi-blocked lists. The lists were presented in the
fixed order of the Random, Blocked, and Semi-blocked lists. Every
word in the lists was presented orally in 1 s basis, and subjects were
instructed to learn them. The VLT scores were calculated for each
type of list as the average of the three trials. In addition, for the
Semi-blocked lists, Stimulus Category Repetition (SCR; Bousfield
and Bousfield, 1966) was calculated. SCR is defined as the total
number of exemplars in the same category consecutively recalled
in each trial. Thus, it was considered to be an index of the degree
to which a subject associates information based on implicitly given
categories (Koh et al., 1976).

2.3. Statistical analyses

Multivariate analysis of variance (MANOVA) was conducted to
examine group differences for demographic variables (age, educa-
tion, IQ) and three measures of WCST (CA, $PEM, RT). The arcsine
transformation and logarithmic transformation were applied for
%PEM and RT, respectively. The VLT scores were analyzed by three-
way ANOVA with Group (normal controls vs. siblings vs. ASD) as
between-subject factor, and Block (Random vs. Blocked vs. Semi-
blocked) and Trial (1st vs. 2nd vs, 3rd) as within-subjects factor.
The SCR scores were examined by two-way ANOVA, with Group
(normal controls vs. siblings vs. ASD) as between-subjects factor
and Trial (1st vs. 2nd vs. 3rd) as within-subjects factor. The cor-
relation analyses were conducted between the CARS Total scores
and the measures of the WCST and VLT to examine the relationship
between the severity of symptoms and cognitive performances.

3. Results
3.1. Demographic variables

Demographic and clinical data are shown in Table 1. MANOVA
indicated an overall difference among the three groups (Wilks’
lambda=0.52, F=4.45, df=6, 68, p<0.01). Subsequent univariate
analyses revealed that the ASD group showed a significantly shorter
education period than did other two groups (F=13.22, df=2, 39,
p<0.01), while Age (F=2.26, df=2, 48, n.s.) and IQ (F=2.29, df=2,
44, n.s.) did not differ among the groups.
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