BAEGBRENEERME (REEIRRE
ST E

HHoEEEE)

ABZRBE S L—= 2 T ORI ET D TR

STRMTSEE M KT ESCREM - ERERENSEE 2 — R RERTIERT

==
FLARFRIE CIX FSOMEBRRIE, AAREBAA 7T A, KEEZXTT 534 7T A, =5 —|Txt
T 5 EEIFEE %L’C!U@@E 72 &, FRENRINA T A & IR TR O B & R A IR A3 AE XY E AT

LTW5D, 295 LIEFREIRIAAL T ADIFEE ZNMRIFHENTH L Z LIZONTORH (X FR
) AEDDLTOICBEBINZONRRA ZBH b L—=17 (Metacognitive Training'MCT) T
V. BARR MCT-J) bFET 5, BEENRAERMEE EROBEIIL, RFITBWTH, MCT-J
DEED, ZEBRREICL > T, MERFEO I ALY T —va VEBIZARICER L>ob 5
P EEOBRICOWTHBEEL AV THRIELZIERRE L TV D ORRRTH D, £ T,
FAFFETIE, MCT-J D34 vy MEEREEEER 21TV, A RRESRE TS 2 MCT-J ©
WREEZITO 2 &R HYE Uiz, AEEL, MCT-J OIEE, FEiHE, fMIESEZHEL, $
17— VeRELI,

e E THZRBFVHERAZ < SN TN D DO
e =00 HATENRIE CTh D MR E ISR 2784
(SR - P iR R AT 0 b & — R AT 22 77) ITENEIEIX BEIRR & R TE~PEE DD
HH T REZRL, EE, KE, b FFEOHELKA
(EISZAE - SR R I o 2 —Frilse) FEVRIEN A R A N THRIATWS, —5,
/N R , A RFRE TLX, i~ OMERREE, SR
(ISR - e iR BRI 70 b & — R SR AT 22 77) BASAT A KEEIZHT 534 T A, =T —|Z
FTEF F B EERESE. £ L TLOHERL L, R
(BN R - PR iR BRI IE o 20— W SRR 22 77) NA T AL BEHEREIR O BEE % 7R 3B FEH34E 4

5% (Moritz, 2007),
FEE ST 2. Moritz & (2007) 23R L
ToDD TFREDER & TN IERERER

A. WFFEERY
W SFIE DIERERIR  BEERERIRITITE 5

RAHWEORMMAELED H & LTk il A
el BIVTW D, EYFRIESER Lz & 1Tn
Z . HUREMREONREIL T T 2RI LTH
BETHLIL,. AT ITA4T AL ENDEFN
2R, £ T CTHSEIRFITHT TL, DEEE
LN T e —F L LTERASNTEY (F

PITONT OB (A FFBH) Z@EHDH] Tk
FHME L A4 br—=v7
(Metacognitive Trainmgi MCT)] TH 5,
WAL LT, RBAEITEEE Cognitive
behavioural therapy (FEMJRIERE X —7 v
N & RREEBIERYE Cognitive remediation



therapy (FFIEFEREFREIZELY #Ee) DA T
Uy RFTh5H, MCTIZINETHEZ A, &
TR E R~ OREEANA 7 2T 28
VIR LIER SN TH Y . PANSS HIEIZ &
2 MR RCRLIBIC R T D R R & 7R L7 9E
bIFEET S (Moritz, 2011),

MCT O&#ux, EOEEEICHD, NE
/X Public domain IZB L., V=741 k. LIZ
KEAENTEY, AAR (F1E,2012) bFE
LTW5, 2 8EDORRIL, =2 TR,
NRU—RA LV NATA REFRTHZ TR
F R GERE IR O B C Vi, AT IES
FRABEREICHBE L TV L HERT D
ZENAERETH D, B R A & EREOfE
EIND, AFRIZBNTH, MCT-J DEED,
SRR L > TOMARIEDO U Y T
—a VEBIZARIZE R Loodh 503, KR
DENRNT DWW THRREE A H VY TREE L 728 %8
BARRBLTOWDDOBEIRTH D, £ T, A
ZETIE. MCT-J O/ vy ME{EZA(L G
BREATV, BiARRERE T2 MCT-J @
THEMBFEZITH Z L 2B E L,

B. #%EFik
1. X%

DSMIV-TR (2 LV, HERREE ITHE
KARRIBERE LR S NZBEDO S B ULTO
TR REYE BRANEER T8 & L,

T FETE

a) A7 U —= JBOFEEH 20 L L 65

ML T ChHLHE

b) AHFEO B/, WAZEHBEL, BRER

KA IMORELZ LETHEONEE

c) ESLFE - MRERIIEE v 2 —IRETIC

WEER O

BRONFEIE

a) AN —= T 3 WALURNICT Vo

—)b - WEELA OB E AR HH

b) MCT Efa#if GE 18, 8#EME) @ 50%
UlbosmPR#ETSH D ETRENDE

c) AUV —=V 7 RHZ MCT-J 1T 5 R
IRFRAERREIE S (RTHEE IQ70 LIT) %7
HBHE

d) BHERBARLZE R HIT, HFFRHEIC
HMOERNNEL D L FHRENDE

e) T, EIRED D VIIHFIEE DA IE
OxfG e L TREY & Lies

2. T IFA
MCT-J ZEhufe & Frfc FRaE GBRETERE ;
TAU &) & D34 vy MEELLEERER,
BHI A b2 W AlST L 7 A gR3E 3
FHE L FHEE R L Bt R~ R 7 T 5,
(o TNTTA 0 R),

3. I AFIE - SO AHAH
3-1. T AFGE

MCT-J 13~ == 7 /VICHEL L THEMET 5,
2 8 BIOWERITHE 1 77,

# 1. MCT-J & B OHER

EU1—)LE NTAG—H Yk
F1E RERER SEIRE/ AT R
F20E fFERASDREE I THHRUNE/ AT R
F3E BLYAHEEZD WHEE
Fam HBETHILEI DO
5@ FCIE SEIEORAIE
$em HRETEHILI INOEEE
FIE HEHRAOREDT  FHRIRENNMTR
F8E BEID 5 2BEXZAIL

MCT-J FEHi# 1L MCT-J OREBEIFEEET
L72#E TSN D, BFEITN 8-10 4 THEAL
ENF TN — T H BRI ER L 1EEE IR
LT —F—ta-J—F—D 240615,

MCT-J #EB LN TAU BEOWTIZEBWT



b, AT, EREB IR Y T—
g TRERICOWT, FIREZRIR D B E 2 < fitl
DbDETD,

B ERTHAT A NIZ20Tik, MCTJ
BE CHHIAELOHFAE2E T, HEHE
Moritz 258 2 & T—HEEEZITo7Z, &
Fr9IZIE, FA YRR MCT 2251
MCTJ OXExE—EMEE LTz, £/, kD
BONLANDIZNE I D RO RE
(Moritz 23EAT L. ZH & AE LA HAREIZ
FRR L) Z#AFL, ZELB2ETo7,

3-2. - AHAR
8EM RBIE LTH
v g ra2E8E)

1 [El%9 90 43D MCT-J

4. FHmTE H
R, RX— AT A R0 ), MCT-J 5
FOVTAU FEf#if 78 (8#), ® 2 KA T
E D,
ORAZ ) == JFRIER : FE, MR, B
E % 2 W (DSM-IV-TR) . ¥ §i # & 1Q
(Japanese Adult Reading Test : JART)
@R—=2F A (0 BRI A% (8 ) I2¥
JAFHMEIEE (MIZEET U ML)
27850 . BCIS* (Beck Cognitive Insight
Scale)
CHER DR IRBAAT A =X
(Beads Task) *
< DO - WAIS-TIAREFERT X M *
« BEPEAER OB RORHE - PSYRATS*Psychotic
Symptoms Rating Scales)
m a5 o BDI-2*(Beck Depression
Inventory )*
- FEHIELR « PANSS (Positive and Negative
Syndrome Scale)
- FRERERAIMERE : BACS (Brief Assessment of

&

tmlz

Cognition in Schizophrenia)

- FIRFEE - WAIS- AT HEEE MR

@ A% (8ik) DAHFHmT 2 HEHE

- NEEHYENEST 1T« IMT (Intrinsic Motivation
Inventory) RJE

5. ERAIELE

AFFEEENL, MSTATBOE A ESLRER - MR E
B v F —DmBEEELZER. KO\ Ex
SR - PR E AT IE Y o 7 — IR PR 2 e
FEBE LV KREHB (CERk 25 4 8 AER),
FRIZSINT 2 BEF I3 LT IR E R
HABELEIZ DWW T O+ ATV Emi
TRE#HEL ETHIREERL TW5, 7 —4
DI PWNCEE L T EAOER & RUEE
To T3,

C. WHoefRsR

B —MiE, 12 4B 7 — N &,
ZOW, GBEEELHZ L, BEERICLAFEED
Bohi 845 MCT-J & (44) LRt (4
&) \CEEZIZEMST Oz, 8 EMEIC
MCT-J BTl AnMmELFEELE (K1),

[ UsL—Fk12%4 |
1% HAEHNTEE
T 3 pERsEELET

|&—x54\}/>1ﬁ§8% |

[ =mazin |
[MCT-JEEa% | [ &g |
—> 1% REBEIER
[PostRZE4Z | [ PostiREIZ |
[FBEAAN

M1 17— RHBEIao7 —L

SINEOERBMEIT, £2 DB Thot,

43 —



F2. Bl —NHBE 8HDEKREME

MCT-J& (e i
50 (8 %) 1:3 2:2
EHEFH (SD)  34.0(9.3) 375(2.1)
L HEKIREL HELFES
HEEIRAIQ 106.3(7.3) 99.8(15.1)

B1I—NBINE 8LHDEET U NIALT
BB ALBHE (BCIS &Rm) . Fiam~ DO
NAT A (E—AREOWRME TOEF) . L
O (WAIS &HEES]) ., #5 > (BDI-2)
DO FRAEIZFE 3 DEY TH o7, PSYRATS 1%
WH, FET 7 b LIEE L TWER, FHE
A CLIRIER B IENE D 8 4 6 LIZDIF
0 ABFFEOFEEE LTREYTHDL Z &0
Lot

#3. F17—NBIEOFRE

MCT-JE¥ R
pre post*1 pre post
BCIS 9.00 10. 00 5.00 6. 00
JTC 6. 00 10. 33 10. 00 6.50
WAIS#GEEZS] 14,50 14.00 7.00 10.00
BDI-2 18.00 15.00 7.50 7.00

*1: MCT-J8fpostT —BDHn=3, T X 44,

D. &%

AEREIL, MAIERT 5OMCTJ DX
A REEED L, #EE L, O EIZ DN T
HEBEEZESDPLOAREB/ T .ONMADE
17—V EEmELI,

U 7 — b OFER I AR R TLITEA N T2
7212 PSYRATS OFFEMNR AR AR/ BNNE
Wiz (84 H 6 4), TEFS T2 B IHEIER DIFFEIT.
AIFFROBEEEEIZE ENTWRWED A
7= EBERTHHARORBENELD &
EZ O RY =D OFHIER & LTET
MEIDOBREINMLETH D, £z, MCT-J
BHE =7y ML TWDRBEBINA T ADEE
LEFET 2 FIEIZONTH & bR 3K

T D,

ABBIBN L —=0 T O ARREER L #
B IFPEI T 2 B RGRE 2 BASG Uiz, IREEEE
IZIEBI&FeE . MCT-Jd O AZITV, MAD
AIEICRIT 2 BIE O X #5850, LOBER, &
BSOS RTREE A T A 9 DDV TD
T — 2N LT EAT O TETH D,

F. #FEsE

1. 3R
7L

2. FERER
7L

G. FnE9RfEEHED HIFE - BERIRTL

1. %FEUE
L

2. FERAFEBG
=L

3. Foft

51 CEk

Moritz, S. and T.S. Woodward, Metacognitive training
in schizophrenia: from basic research to knowledge
translation and intervention. Curr Opin Psychiatry,
2007. 20(6): p. 619-25.

Moritz, S., et al.,, Further evidence for the efficacy of a
metacognitive group training in schizophrenia. Behav
Res Ther, 2011. 49(3): p. 151-7.

TIERE, X584 P L—=22" (Metacognitive
Training; MCT) HAZBR DFFZ. FEHES, 2012
54(9): p. 939-947.

National Institute for Health and Clinical Excellence.
Schizophrenia: Core interventions in the treatment
and management of schizophrenia in primary and
secondary care. NICE Clinical Guideline 82 2009,
UK:NICE: London



. MFFEBROTHUTICEAY 5 —FK



=

WFRARDOTATIZET 5 —RE

EERL X FA M4 EgEAKo | FE OB 4 HREA| HR HRE] X—
TR 4
o b 2 B 5
rA LI Sl mEEE B DBOIIME g | & | 2013 | 99-106
vz LTV D
HEEE
5 2 K4 MIXSA Pk | EEREA | BB | S—v | HURE
Pu S, A pilot study on the
Nakagome K, effects of cognitive
Yamada T, remediation on
Ikezawa S, hemodynamic responses
Itakura M, in the prefrontal Schizophrenia
Satake T, cortices of patients Research 153(1-3) 87-95 2014
Ishida H, with schizophrenia:
Nagata I, A multi-channel
Mogami T, near—infrared
Kaneko K spectroscopy study.
Kanie A, Hagiya K, |A new instrument for
Ashida S, Pu S, measuring multiple
Kaneko K, Mogami T, |domains of social
Oshima S, Motoya M, |cognition: Construct
Niwa SI, Inagaki A, |validity of the Social
Tkebuchi E, Cognition Screening Psychiatry )
. . . . in press
Kikuchi A, Questionnaire Clin Neurosci
Vamasaki S, (Japanese version)
Iwata K,
Roberts DL,
Nakagome K
Ban H, Yamamoto H, [Topographic
Hanakawa T, representation of an
Urayama S, Aso T, occluded object and
Fukuyama H, Ejima Y |[the effects of
spatiotemporal context | 7 Neyrosei | 33(43) | 16992-17007 | 2013

in human early visual
areas motional-
affective modulation
in adults

— 45 —




HRE KA X H A NIVA FERFE4 B N—= H R 4

Hosoda C, Tanaka K, |Dynamic neural network

Nariai T, Honda M, |reorganization

Hanakawa T associated with second T Neurosci 33 (34) 13663-13762 2013
language vocabulary
acquisition
preagaNy = Py ==

TR RES o TSRS it 115%65 | 510885 | 2000
5 0 5 26 O £ T LR BE o~

IRAFE R, REFHESC iggfgfﬁf&f S TP 28 901-908 2013

Kou Murayama, How Self-Determined

Madoka Matsumoto, Choice Facilitates

Keise Izuma, Performance: A Key Role

Avaka Sugiura, of the Ventromedial Cerebral :

! Cortex in press

Richard M. Ryan, Prefrontal Cortex

Edward L. Deci

Kenji Matsumoto

Kawano N, Awata S, |Necessity of normative

Tjuin M, Iwamoto K, |[data on the Japanese

Ozaki N version of the Wechsler Geriatr
Memory Scale-Revised Gerontol Int | 13 (3) 726-30 2013
Logical Memory subtest
for old-old people.

Aleksic B, Definition and

Kushima I, Ohye T, |refinement of the

Tkeda M, 7q36.3 duplication

Kunimoto S, region associated with

gzii?zias’hide T schizophrenia. Sci Rep 2 2587 2013

Iritani S,

Kurahashi H,

Iwata N, Ozaki N

Aleksic B, Analysis of the VAV3

Kushima I, as Candidate Gene for

Hashimoto R, Ohi K, |Schizophrenia:

Ikeda M, Yoshimi A, [Evidences From

Nakamura Y, Ito Y, [Voxel-Based Morphometry

Okochi T, Fukuo Y, |and Mutation Screening.

fasuda ¥, Schizophr Bull| 39(3) 720-8 2013

Fukumoto M,

Yamamori H,

Ujike H, Suzuki M,

Inada T, Takeda M,

Kaibuchi K,

Iwata N, Ozaki N

— 46




V. WA OTIATY - B



Schizophrenia Research 153 (2014) 87-95

‘Contents lists available at ScienceDirect

A pilot study on the effects of cognitive remediation on hemodynamic
responses in the prefrontal cortices of patients with schizophrenia:
A multi-channel near-infrared spectroscopy study

CrossMark

Shenghong Pu ®*, Kazuyuki Nakagome °, Takeshi Yamada ?, Satoru Ikezawa “¢, Masashi Itakura ?,
Takahiro Satake ¢, Hisahito Ishida ¢, Izumi Nagata ¢ Tamiko Mogami ¢, Koichi Kaneko *

2 Division of Neuropsychiatry, Department of Brain and Neuroscience, Tottori University Faculty of Medicine, Yonago, Tottori, Japan
b National Center of Neurology and Psychiatry, Tokyo, Japan

¢ Division of Neuropsychiatry, Yowa Hospital, Yonago, Tottori, Japan
4 Connecticut Mental Health Center, Department of Psychiatry, Yale University School of Medicine, New Haven, CT, United States
€ Department of Clinical Psychology, Graduate School of Medical Sciences, Tottori University Faculty of Medicine, Yonago, Tottori, Japan

ARTICLE INFO

Article history:

Received 21 September 2013

Received in revised form 17 January 2014
Accepted 19 January 2014

Available online 18 February 2014

Keywords:

Schizophrenia

Near-infrared spectroscopy (NIRS)

Working memory (WM) task
Neuropsychological Educational Approach to
Cognitive Remediation (NEAR)

Cognitive rehabilitation

Neurocognitive deficits

ABSTRACT

The regional neuronal changes taking place between before and after cognitive rehabilitation are still not charac-
terized in schizophrenia patients. In addition, it is not known whether these regional changes are predictive or
correlated with treatment response. We conducted a preliminary quasi-experimental study to investigate the ef-
fects of a Neuropsychological Educational Approach to Cognitive Remediation (NEAR), one of the cognitive reme-
diation therapies, on neurocognitive functioning assessed by the Japanese version of the Brief Assessment of
Cognition in Schizophrenia (BACS-]), and on prefrontal and temporal hemodynamic responses during working
memory (WM) task (2-back, letter version) using 52-channel near-infrared spectroscopy (NIRS). We assessed
19 patients with schizophrenia or schizoaffective disorder twice with an interval of 6 months. Moreover, taking
into consideration the possible practice effect, we assessed 12 control patients twice with an interval of 6 months.
The NEAR group, in comparison with the control group, showed significant improvement in two subcomponents
of BACS-], that is, motor speed and executive function along with the composite scores. The NEAR group also
showed a significant increase in brain activation in the bilateral cortical regions associated with WM, and in com-
parison with the control group the between-group differences were restricted to the right frontopolar area. In ad-
dition, the amount of enhancement in some cognitive subcomponents was positively correlated with the
magnitude of an increase in hemodynamic response during WM task predominantly in the right hemispheres.
These findings suggest that neurocognitive deficits in schizophrenia and their neural dysfunction may be
improved by NEAR, and NIRS may be a useful tool to assess the changes of the neural activity underlying the im-
provement of neurocognitive functioning elicited by neurocognitive rehabilitation.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Green et al.,, 2000; Pantelis and Maruff, 2002; Sharma and Antonova,
2003). In a meta-analytic review by Green et al. (2000), the authors

Cognitive impairment in schizophrenia is now considered to be a
core symptom along with the positive, negative and mood symptoms.
Of these 4 core symptom categories, cognitive impairment has been
demonstrated to result in the greatest difficulties in daily functioning,
such as those related to working capacity and daily living. Cognitive re-
gions that show marked impairment in schizophrenia include attention
(vigilance), executive function, long-term and learning memory, work-
ing memory, and verbal fluency (Green, 1996; Rund and Borg, 1999;

* Corresponding author at: Division of Neuropsychiatry, Department of Brain and
Neuroscience, Tottori University Faculty of Medicine, 36-1 Nishi-cho, Yonago, Tottori
683-8504, Japan. Tel.: +81 859 38 6547; fax: +81 859 38 6549.

E-mail address: pshh0517@yahoo.co,jp (S. Pu).

0920-9964/$ - see front matter © 2014 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.schres.2014.01.031

subdivided the functional outcome into three general categories; a) psy-
chosocial skill acquisition, b) social problem solving/instrumental skills,
and ¢) community/daily activities. They found that secondary verbal
memory was reliably related to every outcome domain, and immediate
memory was related to psychosocial skill acquisition. Card sorting and
verbal fluency were both associated with community outcomes, and vig-
ilance was linked to skill performance. Moreover, they suggested that
the total amount of variance in functional outcome that can be explained
by neurocognition in general was approximately 20-60% (Green et al.,
2000), however, in a more recent study the amount was downsized to
20-40% (Couture et al., 2006). Green et al. (2004) also suggested that
longitudinal studies revealed considerable support for longitudinal asso-
ciations between cognition and community outcome in schizophrenia.
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Cognitive impairment is already present in the prodromal phase of
schizophrenia and is exacerbated when the first episode occurs;
moreover, there is often little subsequent change. Meier et al. (2013)
demonstrated that there is substantial neuropsychological decline in
schizophrenia from the premorbid to the post-onset period, particularly
in the field of processing speed, learning, executive function, and motor
function, but the extent and developmental progression of decline
varied across mental functions. For instance, processing speed deficits
increased gradually from childhood to beyond the early teen years,
whereas verbal deficits emerged early but remained static thereafter.
Cognitive impairment did not change even when positive symptoms
or other psychiatric symptoms are improved after drug therapy (Bratti
and Bilder, 2006); in fact, a longer duration of untreated psychosis
(DUP) typically results in more marked cognitive impairment (Perkins
etal., 2005). However, the degree of cognitive impairment greatly varies
among different individuals. Whereas approximately 15% of patients
remain within the normal range on almost all aspects of cognitive func-
tion, most patients score 1-1.5 standard deviations (SD) lower on cog-
nitive function assessments than healthy individuals (Bilder et al.,
2000; Heinrichs, 2004). Although a wide range of cognitive properties
are impaired, and much research has been conducted to understand
how the cognitive impairments in schizophrenia impact daily function-
ing, an overall picture has not yet emerged. It is more or less an
established fact that cognitive impairment has a crucial effect on social
turning points; for example, levels of impairment in verbal memory, at-
tention, and executive functioning are predictors of goal achievementin
society (Green et al, 2004). Furthermore, attentional impairments con-
tinue to hinder the acquisition of life skills even after the effects of social
skills training or other forms of rehabilitation have been manifested
(Medalia and Choi, 2009); therefore, therapies targeting cognitive im-
pairment are crucial. Currently, the typical effect size of atypical antipsy-
chotic agents for cognitive impairment is small (0.2-0.5) (Woodward
et al,, 2005; Keefe et al., 2007), and their effects are limited when used
alone. On the other hand, there are great expectations for the non-
pharmacological treatment of cognitive rehabilitation. Cognitive reme-
diation has been indicated to improve neuropsychological functioning
(Krabbendam and Aleman, 2003; Twamley et al.,, 2003; McGurk et al,,
2007; Wykes et al.,, 2011; Ikezawa et al,, 2012), although not all
(Ueland and Rund, 2004; Dickinson et al,, 2010). However, little re-
search has been conducted on the effects of cognitive rehabilitation on
brain function (Wykes et al,, 2002; Haut et al,, 2010; Bor et al.,, 2011;
Subramaniam et al., 2012).

We have become interested in one of the cognitive remediation
therapies “Neuropsychological Educational Approach to Cognitive
Remediation (NEAR)" (Medalia and Freilich, 2008; Medalia and Choi,
2009), which was theoretically based on neuropsychology, educational
psychology, learning theory and cognitive psychology. NEAR is an
evidence-based approach to cognitive remediation specifically devel-
oped for use with psychiatric patients. NEAR is a group-based treatment
that provides a positive learning experience to each and every client, to
promote independent learning, and to promote optimal cognitive func-
tion in everyday life.

Near-infrared spectroscopy (NIRS) is a neuroimaging tool that offers
several advantages: it is noninvasive, easy to set up, requires minimal
constraints, does not occupy a large space, and works silently. NIRS is
therefore suitable for assessing prefrontal activation in patients with
severe mental illnesses, including schizophrenia. Indeed, NIRS has
been used to assess brain functions in many psychiatric disorders
(Kameyama et al., 2006; Pu et al., 2012, 2013; Takizawa et al.,, 2013).

In the present pilot study, we investigated the feasibility of NIRS dur-
ing performance of a working memory (WM) task as an assessment tool
for detecting changes in brain function associated with the pre-post
intervention effects of 6 months of NEAR on neuropsychological im-
provement. We also explored the feasibility of NIRS data as a predictor
of the effects of NEAR when neurocognitive functioning and psychiatric
symptoms were treated as outcome measures.

2. Methods
2.1. Patients (Table 1)

After a complete explanation of the study, informed consent was ob-
tained from the participants. The protocol of this study was approved by
the Ethics Committee of Tottori University. Inclusion criteria were
outpatients or inpatients (a) with a diagnosis of schizophrenia or
schizoaffective disorder according to DSM-IV-TR criteria, (b) between
13 and 65 years old, (c) able to sit for a one-hour session, (d) willing
to participate in the study, and (e) the treatment being recommended
by their doctors. Exclusion criteria were patients (a) with active sub-
stance or alcohol abuse or post detox within 1 month, or (b) with trau-
matic head injury within the past 3 years. The diagnoses were made by
two expert psychiatrists.

Nineteen patients with schizophrenia or schizoaffective disorder
participated in the study. Twelve were paranoid schizophrenia, 2 disor-
ganized schizophrenia, 1 undifferentiated schizophrenia, 1 residual
schizophrenia, and 3 were schizoaffective disorder. As can be seen by
the mean PANSS scores at baseline (Table 2), the symptom severity of
the patients was mild to moderate level (Leucht et al., 2005; Levine
et al., 2008).

Although the medications were changed throughout the whole
period as little as possible, there were 7 patients whose medications
needed to be changed because of clinical decisions. The change in the
medication status of these 7 patients was only related to daily dosage
levels.

Moreover, we assessed 12 control patients, meeting the inclusion
criteria (a), (b) and exclusion criteria (a), (b), twice with an interval of
6 months, taking into consideration a possible practice effect, which
may have affected the scores of neuropsychological tests. They did not
receive any cognitive training program including NEAR. Although
the age was not significantly different from the NEAR group, the
onset age was significantly younger and the duration of illness was
longer than those of the NEAR group suggesting more chronicity
in the control group. Moreover, the daily dosage level of anti-
psychotic drugs was significantly lower than the NEAR group. Besides
these between-group differences, the level of cognitive function
assessed using BACS-] was not significantly different between the two
groups.

The NEAR group and the control group were nonrandomized, and
thus, the study design was quasi-experimental.

2.2. NEAR program

The NEAR program consisted of two one-hour computer sessions
per week and an additional group meeting session lasting 30 to
60 min once a week. The subjects completed approximately six months
of NEAR sessions before being assessed for the efficacy.

In each computer session, patients engaged in some educational
computer software that involved various domains of cognitive function
including attention, memory, and executive function (see Supplemen-
tary Table 1), taking into account the profiles of the patients' cognitive
impairments. The computer software also involves various levels of
complexities and is adapted to personal level of cognitive abilities and
the subject's interest.

The main aim of the group meeting sessions is to contextualize the
computer training into their everyday activities. More specifically, the
patients would talk about the difficulties they meet in their everyday ac-
tivities and try to relate them to certain cognitive regions and finally to
the computer software they are engaged in. The process should lead to
enhancing motivation and generalization of cognitive skills to daily life.
The fidelity of both computer sessions and group meeting sessions were
checked by a supervisor, who had already undergone training to be-
come a trainer.
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Table 1
Baseline demographic variables.

NEAR group
N = 19 (mean + SD)

Control group
N = 12 (mean & SD)

Number of patients Sch:16 SchAf: 3 Sch:12 SchAf: 0
Age, years 285 + 7.60 314 4 9.60
Gender, women/men 11/8 9/3
Handedness (%) 773 + 48.74 68.5 + 73.67
Education, years 13.7 + 1.88 14.7 + 246
Estimated premorbid IQ 985 + 1041 102.8 + 11.50
Age atonset, years 222 + 591 183 + 3.77
Duration of illness, years ™ 6.3 + 574 13.1 + 947
NEAR attendance rate (%) 92.7 + 9.84
BACS-J Verbal memory —1.321 + 0.882 —1.326 + 1.231
Working memory —1.186 + 0.822 —0.975 + 1.087
Motor speed -1.953 £ 1.159 -0.833 £ 1.703
Verbal fluency —0916 £ 0.765 —0.270 4 0.980
Attention and speed of —1.366 + 0.640 —1.335 £ 0920
information processing
Executive function —0.868 =+ 1.580 —0435 + 1.223
Composite score —1.269 + 0.706 —0.862 + 1.025

Mean dosage of antipsychotics #
(Chlorpromazine equivalent dose) (mg/day)

663.3 + 448.87 (Dbaseline)
621.0 & 379.94 (post-treatment)

368.3 4 204.52 (baseline)
369.4 4+ 269.75 (post-treatment)

Abbreviations: Sch, Schizophrenia; SchAf, Schizoaffective disorder; 1Q, Intelligence Quotient; NEAR, Neuropsychological Educational Approach to Cognitive Remediation.

* p<0.05 Student's t-test.
2.3. Assessments

The following tests were administered twice, once before beginning
NEAR (pre-treatment) and once after completing NEAR (post-treat-
ment at 6 months period):

a) Brief Assessment of Cognition in Schizophrenia, Japanese version
(BACS-]) (Keefe et al.,, 2004; Kaneda et al,, 2007);

b) Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987).

Finally, NIRS was used to measure changes in the cerebral blood
volume in the frontotemporal cerebral cortices during performance of
a 2-back task (WM task).

2.3.1. Cognitive function

We assessed cognitive function by using BACS-]. Z scores were
calculated for each subcomponent scores using means and standard de-
viations based on the dataset of 340 healthy control Japanese popula-
tions; however, it must be noted that age, sex, and socio-economic
status of the healthy controls were not necessarily controlled with the
patients in the present study. Composite scores were calculated by aver-
aging all z scores of the six subcomponents (verbal memory, WM, motor

speed, verbal fluency, attention and speed of information processing,
and executive functions), and then re-normed based upon the standard
deviations (SD) of the average of those scores in the normative sample
(SD = 0.6).

2.3.2. NIRS measurements

2.3.2.1. Activation task. We used a 2-back task with a blocked periodic
baseline-activation-baseline (Fig. 1) design to activate brain regions
specialized for maintenance components of verbal WM, as originally de-
scribed by Cohen et al. (1994). Two contrasting conditions were visually
presented in 60-s periods to subjects on a computer screen placed ap-
proximately 1 m away from the subjects’ eyes. During the period of
the baseline (B) condition, subjects viewed a series of figures (0-9),
which appeared one at a time, and were required to press a button
with their right index finger whenever the figure “9” appeared
(0-back). During the period of the activation (A) condition, subjects
again viewed a series of figures (0-9) and were required to press a but-
ton with their right index finger if the currently presented figure was
the same as that presented 2 trials previously (2-back, e.g., 5-1-5 but
not 2-6-3-2 or 2-7-7). The WM task consisted of a 60-s pre-task period

Table 2
Before-and-after test and time = group interaction effect in ANOVA on BACS-] data, PANSS, and behavioral indicators of the 2-back task in comparison with control group.
NEAR group N = 19 Before-and- Control group N = 12 Time * group
(mean 4 SD) after test (mean & SD) interaction
Baseline Post-treatment t P Baseline Post-treatment F p
BACS-] Verbal memory —1.321 £ 0.882 —0.365 £ 1.165 —4.69  <0.0005 —1.326 + 1.231 —1.093 £ 1491 6.05 <0.05
Working memory —1.186 + 0.822 —0.922 £+ 0970 —1.56 ns. —0.975 &+ 1.087 —0.746 + 0974 002 ns.
Motor speed —1.953 + 1.159 —0.805 £+ 1.347 —4.09  <0.001 —0.833 £ 1.703 —0.934 + 1.625 11.03  <0.005
Verbal fluency —0.916 + 0.765 —0.689 £ 0944 —1.21 ns. —0.270 + 0.980 —0.355 £ 0.967 145 ns.
Attention and speed of —1.366 + 0.640 —0.994 + 0674 —-3.02 <001 —-1.335 + 0920 —1311 £ 0942 433 <005
information processing
Executive function —0.868 + 1.580 0.071 + 1.046 —340 <0.005 —0435 4 1.223 —0435 + 0.981 658 <0.05
Composite score —1.269 + 0.706 —0.619 4 0648 —6.18 <0.0001 —0.862 + 1.025 —0.812 £ 0964 1870  <0.001
PANSS Total 65.1 + 11.05 61.2 £+ 12.26 149 ns. 62.8 + 13.63 60.0 + 14.38 019 ns.
Positive 13.5 + 3.83 119 + 391 243 <0.05 133 £ 352 12.8 £ 3.39 194 ns.
Negative 18.7 4+ 5.06 17.8 -+ 4.83 0.71 ns. 18.2 &+ 491 16.8 + 5.52 002 ns.
General psychopathology 329 4 583 315 £ 7.33 079 ns. 313 £ 7.77 30.3 £ 7.88 005 ns.
Task performance  Reaction time (ms) 715.3 4 209.97 7015 + 22157 040 ns. 818.6 + 251.60 7192 + 138.68 211 ns.
(2-back) Sensitivity A’ 0.93 + 0.120 0.97 + 0.097 -190 <01 0.94 + 0.078 0.96 + 0.054 036 ns.

NEAR, Neuropsychological Educational Approach to Cognitive Remediation; BACS-], Brief Assessment of Cognition in Schizophrenia, Japanese version; PANSS, Positive and Negative Symp-

tom Scale.

— 49 —
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Fig. 1. The task design of 2-back task. A: Activation condition: 2-back. B: Baseline condition: 0-back, “9" as target.

(baseline (B) condition), a 60-s 2-back task period (activation (A) con-
dition), and a 60-s post-task period (baseline (B) condition). Each
period comprised 25 stimuli (5 targets, stimulus duration 1.8 s, stimulus
onset asynchrony (SOA) = 2.3 s). Behavioral performance for the
2-back task was monitored and measured in terms of reaction time
(RT) to target figures and sensitivity A’ (Grier, 1971). Sensitivity A’ is
an index of information processing ability using both “hit rate (HR)”
and “false alarm rate (FAR)” for calculation, which is expressed as
below:

A’ = 0.5 + (HR—FAR)(1 + HR—FAR)/4HR(1—FAR)

High A’ implies high information processing ability. All subjects re-
ceived a brief period of identical training to ensure that they understood
the rule of the task prior to measurement.

2.3.2.2. NIRS machine. The 52-channel NIRS (ETG-4000, Hitachi Medical
Co.) machine measures relative changes in oxy-Hb and deoxy-Hb

using 2 wavelengths (695 and 830 nm) of infrared light based on the
modified Beer-Lambert law (Yamashita et al,, 1996). In this system,
these Hb values include a differential pathlength factor (DPF). In addi-
tion, Zhao et al. (2002), using a Monte Carlo simulation, reported that
the estimated DPF variation in the forehead region of adult humans
was regarded as roughly homogeneous. The distance between pairs of
source-detector probes was set at 3 cm, and each measuring area be-
tween pairs of source-detector probes was defined as a “channel”
(ch). The machine measures points at a depth of 2 to 3 cm below the
scalp. This corresponds to the surface of the cerebral cortex (Toronov
et al., 2001; Okada and Delpy, 2003). The probes of the NIRS machine
were placed on the frontotemporal region of the participant, with the
midcolumn of the probe located over Fpz, and the lowest probes were
located along the T3-Fp1-Fpz-Fp2-T4 line in accordance with the in-
ternational 10/20 system for electroencephalography. The arrangement
of the probes enabled the measurement of Hb values from both prefron-
tal and temporal cortical surface regions (Fig. 2). The correspondence
between the NIRS channels and the measurement points on the cerebral

A 0000000000 ;

OO000000009
2000000000

20000000000

0000000600

Fig. 2. Probe setting and measurement points for 52-channel near-infrared spectroscopy (NIRS). (A) The 52 measuring areas are labeled ch1 to ch52 from the right posterior to the left
anterior. (B-C) The probes with 3 x 11 thermoplastic shells were placed over a subject's bilateral prefrontal and superior temporal cortical surface regions. The channel numbers are in-

dicated above the estimated cortical regions.
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cortex was confirmed by a multi-subject study of anatomical cranioce-
rebral correlation (Okamoto et al., 2004), and was presented according
to the results of the virtual registration method (Tsuzuki et al,, 2007).

The rate of data sampling was 0.1 s. The obtained data were analyzed
using the integral mode: the pre-task baseline was determined as the
mean over a 10-s period immediately before the task period; and the
post-task baseline was determined as the mean over the last 5 s of the
post-task period. Linear fitting was applied to the data between these
2 baselines. A moving average method using a window width of 5 s
was applied to remove any short-term motion artifacts. Because we
could not remove all artifacts in this way, we applied semi-automatic
rejection of data with artifacts separately for each channel (Takizawa
et al, 2008; Pu et al., 2012).

For the analysis of the hemodynamic response data, Hb variables for
each channel were averaged for the both time segments (pre-task base-
line and task period). We focused on [oxy-Hb] concentrations during
the 60-s task period, since the oxy-Hb change (task period-pre-task
baseline period) was assumed to more directly reflect cognitive activa-
tion than the deoxy-Hb change, as previously shown by animal studies
and correlations with fMRI blood oxygenation level-dependent signals
(Hoshi et al., 2001; Strangman et al.,, 2002).

2.4. Statistical analysis

Statistical analyses were performed using SPSS Statistics 19.0 soft-
ware (Tokyo, Japan).

Cognitive function (BACS-] data) and psychiatric symptoms (PANSS)
pre- and post-6 months of NEAR were compared with paired t-tests.

Behavioral indicators of the 2-back task (reaction time, sensitivity A’)
assessed before and after NEAR treatment were compared with a
Wilcoxon signed-rank test. The mean [oxy-Hb] changes were compared
between the two measurements ( pre- and post-NEAR sessions) for each
channel using a paired t-test. Moreover, repeated measures analyses of
variance were performed on BACS-] data and the mean [oxy-Hb] chang-
es using ‘group’ (NEAR group, control group) as an inter-individual
factor, while ‘time’ (baseline, post-treatment) was used as an intra-
individual factor. With the aim of controlling for the between-group dif-
ferences in age of onset, duration of illness and daily dosage levels, addi-
tional analyses were performed using these variables as covariates. A
p value <0.05 was considered to be statistically significant.

The correlations between change in [oxy-Hb] pre- and post-NEAR
(or pre-NEAR) with WM performance and BACS-], PANSS data, behav-
joral indicators, and NEAR attendance rate were examined with
Spearman's Rho.

3. Results

Table 1 shows the participants’ demographic data.
3.1. The NEAR treatment change of BACS-] data, PANSS, behavioral
indicators of the 2-back task (Table 2), and [oxy-Hb] activation during
WM task (Fig. 3)

There were significant improvements in the scores of verbal

memory, motor speed, attention and speed of information processing,
executive functioning and the composite score of BACS-J (Table 2).

CYy CHIZ CHI3 CHi4 CHIS CHIE CHIT CHIB CH19 CHZO 21
CH22 CH23 Crizd CH2S % CHZT s O GOt
emmemmms  baseline e R A {ad g A
Emmmmmm posi treatment (oo 2y = o N a3
a2 CHOS Go frasd GRS a7 CHEG i CHAD CHY G2
A A
7 I/t N .
N7 A 2 . 12\ i A
(mMolmm] e - o s oo oo oo -
I A
el e s S NRPEN

Fig. 3. Above: Brain area in yellow corresponds to the NIRS channels with significantly increased [oxy-Hb] in the after completing NEAR than in the before beginning NEAR. The locations of
NIRS channels were probabilistically estimated and anatomically labeled in the standard brain space in accordance with Tsuzuki et al. (2007). Below: Grand averaged waveforms of [oxy-
Hb] during WM task (between two dotted vertical lines in each graph) in 52 channels over the frontal and temporal regions measured by NIRS. Red and blue lines represent baseline and

post-treatment, respectively. Thin and thick lines represent NEAR and control groups.
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After NEAR, the PANSS positive scale significantly improved (paired
t-test: p < 0.05), but the overall score, negative scale, or general psycho-
pathology scale did not change (paired t-test: n.s.) (Table 2).

There were no significant differences between the two measure-
ment points (pre- and post-NEAR sessions) in task performance (reac-
tion time, sensitivity A’) (Table 2).

Post-treatment was associated with significantly increased [oxy-Hb]
changes compared to pre-treatment at 10 channels (ch1, ch5, ch8, ch18,
ch19, ch29, ch35, ch36, ch39, and ch46; paired t-tests p: 0.005 to 0.05).
The cortical areas in question were primarily the bilateral dorsolateral
prefrontal cortices (PFC) (BA9, 46), left ventrolateral PFC (BA45, Broca's
area), and right frontopolar (BA10) (Fig. 3).

3.2. In comparison with control patients

There were significant interactions between ‘group’ and ‘time’ in
verbal memory, motor speed, attention and speed of information pro-
cessing, executive function, and composite scores (Table 2). The im-
provement of these areas was significantly greater in the NEAR group
than in the control group. The significant interactions observed for
motor speed, executive function and composite scores survived after
controlling for the age of onset, duration of illness and daily dosage
levels. There were no difference between groups in terms of the change
in working memory and verbal fluency.

There were significant interactions between ‘group’ and ‘time’ in 12
channels (ch12, ch13, ch28-30, ch33, ch35, ch36, ch39, ch40, ch45, and
ch46; F: 4395 to 7.131; p: 0.014 to 0.048). The increase of [Hb] changes
in these areas was significantly greater in the NEAR group than in the
control group. The cortical areas in question overlapped the areas
where significant increase was observed in the before-and-after test.
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The significant interactions were observed after controlling for the age
of onset, duration of illness and daily dosage levels in the four channels
(ch33, ch36, ch44, and ch46; F: 4380 to 7.100; p: 0.012 to 0.046) located
mainly in the right frontopolar (BA10) area.

3.3. Correlation analyses

Regarding the relationship between change in cognitive function
and the cerebral blood volume, significant positive correlations were
observed in 5 channels (ch22, ch23, ch32, ch33, and ch44; rho: 0.49 to
0.57; p: 0.01 to 0.05) in the right hemisphere between changes in verbal
memory in the BACS-] and changes in [oxy-Hb] elicited by the WM task
pre- and post-NEAR. The cortical areas in which correlations were ob-
served were the superior and medial temporal cortices (BA21, 22),
and the temporopolar area (BA38) (Fig. 4A, B). Significant positive cor-
relations between changes in verbal fluency in the BACS-J and changes
in [oxy-Hb] were also observed in 7 channels (ch2, ch6, ch14, ch25,
ch26, ch36, and ch37; rho: 0.47 to 0.61; p: 0.01 to 0.05), primarily in
the right hemisphere. The cortical areas in which these correlations
were observed were the dorsolateral PFC (BA9, 46), and frontopolar
(BA10) (Fig. 4A, C). No significant correlations were observed between
changes in the other 4 subcomponents of the BACS-] (WM, motor
speed, attention and speed of information processing, executive func-
tioning) and changes in [oxy-Hb] elicited by the WM task pre- and
post-NEAR.

Regarding the relationship between changes in the cerebral blood
volume and psychiatric symptoms and behavioral indicators of the
2-back task, no significant correlations were observed between changes
in the PANSS positive (rho: —0.43 to 0.32, n.s.), negative (rho: —0.59 to
0.39, n.s.), general psychopathology (rho: —0.51 to 0.45, n.s.), and total
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Fig. 4. (A) The relationship between cognitive function and changes in [oxy-Hb)] associated with working memory tasks before and after NEAR. Green and yellow represent verbal memory
and verbal fluency changes in the BACS-], respectively. (B) Scatter diagrams showing the relationship between verbal memory and [oxy-Hb] changes in channel 33 (Spearman's Rho;
rho = 0.497, p = 0.030). (C) Scatter diagrams showing the relationship between verbal fluency and [oxy-Hb] change in channel 36 (Spearman’s Rho; rho = 0.563, p = 0.015). The
locations of NIRS channels were probabilistically estimated and anatomically labeled in the standard brain space in accordance with Tsuzuki et al. (2007).
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(rho: —0.53 to 0.46, n.s.) scale, reaction time (rho: —0.39 to 043, n.s.),
and sensitivity A’ (rho: —0.26 to 0.41, n.s.) and changes in [oxy-Hb]
pre- and post-NEAR.

Significant positive correlations were observed in only 2 channels
(ch21, rho = 0.54, p = 0.03; ch29, rho = 0.58, p = 0.009) in the left
ventrolateral PFC (BA45) between the improvement in the composite
score of BACS-J and [oxy-Hb] elicited by the WM task at pre-NEAR.

4. Discussion

In the present study, we performed a preliminary examination about
the feasibility of NIRS as an assessment tool to assess the effects of NEAR,
a form of cognitive task remediation, on brain function. In certain corti-
cal areas, 6 months of NEAR was shown to induce the plastic change of
increased [oxy-Hb] elicited by the 2-back WM task. The cortical areas in
which activation due to NEAR was inferred were the bilateral dorsolat-
eral PFC (BA9, 46), left ventrolateral PFC (BA45, Broca's area), and
right frontopolar (BA10). The finding in the before-and-after test was
supported by the significant interaction effect in the repeated measures
ANOVA including the control group. Although the number of channels
that showed significant interactions was reduced, the effect was still sig-
nificant in four channels after controlling for the between-group differ-
ences in age of onset, duration of illness and daily dosage levels. In
contrast, the sensitivity A’, which represents the task performance
only showed a tendency for significant improvement. Considering the
high level of sensitivity A’ at pre-NEAR (0.93) the lack of significant im-
provement may be due to the ceiling effect. These cortical areas roughly
coincide with the n-back activation areas observed in healthy volunteers
(Cohen et al, 1997; Owen et al., 2005). Although preliminary as it is, the
finding suggests that the activation of the brain due to NEAR represents
a change towards “normalization,” but not the compensatory changes
occurring in areas not activated in healthy individuals.

Hypofrontality (Callicott et al., 1999) shown in WM tasks was once
considered to be a trait marker of schizophrenia. However, results
from recent functional neuroimaging studies have demonstrated that
intensive cognitive rehabilitation increases activity in brain areas associ-
ated with WM (Wexler et al.,, 2000; Wykes et al., 2002; Bor et al,, 2011).
Although NEAR does not include training using 2-back tasks, the results
of the present study indicated that 6 months of NEAR has the potential
to give rise to functional plasticity in cortical areas associated with this
task. Although WM in BACS-] did not improve in our target group, sig-
nificant improvement had been observed in a larger sample study
using NEAR (Ikezawa et al., 2012); thus, it is possible that improvement
in brain function, as indicated by [oxy-Hb] increase, may lead to im-
proved WM function. Alternatively, the neuropsychological improve-
ment in verbal memory and verbal fluency but not WM showed a
significant positive correlation with the increase in [oxy-Hb] between
pre- and post-NEAR in some cortical areas, which may suggest that
the observed prefrontal activation presumably induced by NEAR may
not be specifically linked to the task adopted for NIRS measurement.

As there are various methods of cognitive remediation in addition to
NEAR (McGurk et al,, 2007), all these methods may show improvement
in cognitive function mediated by improvement in brain activity, which
can be assessed using changes in the cerebral blood volume associated
with cognitive tasks as an indicator (Wykes et al., 2002; Haut et al,
2010; Bor et al., 2011; Subramaniam et al., 2012). Subramaniam et al.
(2012) first showed that outcomes in a “reality monitoring” task were
improved by a systematic approach targeting social cognition. The
task requires subjects to look at words displayed on a monitor and dis-
tinguish whether the words were provided in advance by themselves or
someone else; importantly, patients with schizophrenia are considered
to be poor at distinguishing words that they provided themselves from
those provided by others. The larger the change in medial PFC activation
correlating with behavioral indicators in this task, the more favorable
social functioning appeared when assessed 6 months following the
completion of rehabilitation. Therefore, it was shown that the level of

activation in medial PFC during this task might predict the effects of re-
habilitation on social functioning (Subramaniam et al., 2012). We also
found a positive correlation between the [oxy-Hb] elicited by the
2-back task in left PFC (ch29, rho = 0.58, p = 0.009) before NEAR
and changes in the composite score of BACS-] after 6 months of NEAR.
The outcome in the present study was cognitive functioning instead of
social functioning, nevertheless, the baseline activation (before NEAR)
of the cerebral blood volume elicited by the WM task before NEAR
may also predict the effects of cognitive remediation on cognitive
functioning.

Eack et al. (2010) found that a two-year trial of cognitive enhance-
ment therapy targeting impairments in both neurocognition and social
cognition suppressed disease-related volume reductions in the left hip-
pocampus, parahippocampal gyrus, fusiform gyrus, and amygdala,
thereby demonstrating an apparent neuroprotective effect of this
mode of cognitive therapy (Eack et al., 2010). Although very little re-
search has been conducted on the mechanisms of improvement in
brain function due to cognitive remediation (Vinogradov et al,, 2009),
the mechanisms may be related to both the neuroprotective effect and
the plasticity of relevant neural circuits.

In the present study, instead of using fMRI, we used NIRS to measure
neuronal activation at the surface of the prefrontal and temporal corti-
ces. One of the primary advantages of using NIRS is that the technique
can be performed under less body constraint than other imaging modal-
ities such as fMRI, which requires the subject to maintain an unusual
body posture with restricted head movement; thus, NIRS is useful for
studying brain activity under more “natural” conditions. Furthermore,
NIRS can measure brain activity in the frontpopolar with high signal-
to-noise ratio, whereas fMRI has potential problems for data quality of
areas located under the frontal sinus (Koike et al., 2013).

Although NIRS has advantages compared to fMRI as above, it is also
associated with a limitation in measurement depth and poor spatial res-
olution. Moreover, intermingling effect of extracranial hemodynamic
changes such as skin blood flow in the measurement data has raised a
question as to what extent NIRS signals reflect hemodynamic changes
in the brain. For example, Takahashi et al. (2011) suggested that the ma-
jority of the hemodynamic changes measured by NIRS in the forehead
reflected the skin blood flow during a verbal fluency task. This finding
indicated that extracranial hemodynamic changes such as skin blood
flow are a considerable source of the task-related signals in the forehead
and may be present in a wide range of cognitive tasks. However, the im-
pact of the extracranial artifacts, including their significance and gener-
ality, has not been clarified. On the other hand, recent studies using
simultaneous NIRS-fMRI measurements investigating PFC showed a
significant correlation between NIRS and BOLD signals, although with
a wide regional and inter-individual variability (Strangman et al,,
2002; Cui et al,, 2011). More recently, Sato et al. (2013) demonstrated
that temporal changes in the NIRS signals in the activated area were sig-
nificantly correlated with the BOLD signals in the gray matter rather
than the extracranial BOLD signals or skin blood flow measured with a
laser Doppler flowmeter. Moreover, the amplitudes of the task-related
responses of the NIRS signals were significantly correlated with the
BOLD signals in the gray matter across participants. The finding is impor-
tant. As the amplitude of the NIRS signals includes the differential
pathlength factor (DPF), which is assumed to be variable among differ-
ent individuals, some researchers consider that direct comparison of the
amplitude between individuals is somewhat problematic. However, ac-
cording to their finding as well as a similar finding obtained for sensori-
motor activation (Mehagnoul-Schipper et al., 2002), the variation in the
optical pathlength may be small enough for the amplitude of the NIRS
signals to represent individual differences in functional activity of the
cortices, which is in accordance with the Monte Carlo simulation study
by Zhao et al. (2002). It may give support to the results of the present
study as well as other studies analyzing NIRS signals across subjects.

This pilot feasibility study has the following limitations and certainly
not conclusive: 1) the sample size is small; 2) changes in brain function
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in certain areas (the medial PFC, parietal lobe and other areas in the pos-
terior part of the cortex, and the subcortical core) could not be detected
due to the limitation of NIRS; and 3) the effects of muitiple tests were
not taken into account. In future studies, these points should be ad-
dressed in a randomized control trial with a larger sample size.

Our study suggests that neurocognitive deficits in schizophrenia and
its related disorder, and their underlying neural dysfunction may be im-
proved by NEAR, and NEAR may improve neurocognitive functioning
through biological effects involving changes in the cerebral blood
volume.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.schres.2014.01.031.
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