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B1 &&REMEERE

R DEFEDOHEDIL S HRESNTWS, SERRIHEIEH
# (Monetary Incentive Delay Task) % Knutson, B.& IZ
o THEINZ-BRMAOE E 2 BEBEN KK ILE
(fMRD) CHfliT 27-HOFETH 2V, IS ES &
UK 1 Z22Esnlzv, @A PESNTHL S, HEES
B (F723RK) O 7 14— KNy 7 £ TORMICIEIERH
BRI ONTED, WMENHRRE & WMES D) £ 72 3R K
FREDRIEEI 2 XA L CTHIE CTE 2 Z L IARFEDHA TH
5. {#EE T, SERIVIRIOBIRRR IR I, S8k
HHBR ORI BRI, WSS R £ 72 13RI
AN RTSERT R B & gikic, Zh 2 N RSB A
FENBHY, RHEOKMIC & BRI ZUE ER
FETIRRWY, EHEETRRALIECBVT, KR
EOBREPLEMELRIE L T 5 B CHRENEARRF O HI 4
BOMRIEDE T 28D 2 2 EMNRENTH 2, HMAED
BENPPPDOIEERE LT, WEFARES & kR
E (Fr v 7 VEE) THEITHAN S 505, LE2L—§
X & % L EOERRIS, EHT 2WEORBEIHE
T27:0, EROMPIEMTH Y. EEERM - %
BiiE T, WP HIROMAKZORENMET T2 2 L, |
HOETIMERDEE LADHBEZ R T Z LR ENTH
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XNTV3., LeLERLICRT LS 1L, ERREDOKS S
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fE & RS DfREREOERLB S v, D% D, WM
fEE, K> oOREEES L OERENEED 3 #2EA, B
BRICOVWTE, > OREBLEBREORNGZEL LS5 %
SERRINEESE 2 A W/ IMRI AR IZ 2 fThbh T
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FRITHRDS 1L, BEZED 5 720 ICHRIHEEEH
BROBALEEE RE L T35, BDEEOBIRIIZRER
T, WSRO DEBEL A N—L Tz, S8Rl
BIEHEZ I U S LT 2 SHRMMED X & Er ik, Ml
A%, EEIEE, WHIRTSERT BN H % < OFEBOBE S
DRENTELY, ZhoDMHEHDERT 21lifELH 5 &
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=1 SHRBMEEFEZAVTREMEESE, K5 OFEESEBEVRELLBLLHAR
e L ) WERE RN T HARF D N E ED
= ROF| R mammE) | (1 mEmTE/ | BERTET)
XS DFIEEE
Knutson, et al 2008 | #15 DIREE 14/12 T ERIEBEIRE
Pizzagalli, et al | 2009 | 15 DiREE 30/31 | B
Dichter, et al 2012 | EfRIREE 19/19 T ARIRTERHRE], A/, GFEIEEL
Arrondo, et al 2015 | #05 DIREE 24/21 | TEfRIR M
Admon, et al 2015 | 05 DIREE 26/29
Hagel, et al 2015 | #15 DIREE 24/54 | BRERIRRRAR
Ubl, et al 2015 | EfIREE 23/23 185, ki, LaisEe
Carl, et al 2016 | #05 DIREE 33/20
Takamura, etal | 2017 | #15 DJRAE 12/12 | #7%, BERISTIRRE GRETHE)
BT ES
Alber, et al 2007 HRiRRE 12/12
Bermpohl, et al | 2009 BRIRARE 15/26 1T ESMAUBTSERE R &
Dutra, et al 2015 | EffiREE 24/25 | BISERE R E, THIEE, HGHRERE
Yip, et al 2015 BRIREE 20/20 | BERREE
Shreiter, et al 2016 | EfRIREE 20/20 | RIS AR, RISERIRE
BRIRRE/ T REkiE (R L RAL),
Berghost, etal | 2016 |y s orpe | 13/15 LR (R RL28D)
Kollman,etal | 2017 | EffiReE 16/19 T BIERFARE
Johnson, et al 2019 | EfRIREE 24/24 | BRI, GRBIR
(>zk 27 £ D FIERL T31H)
HERO 3 HE2ERICHKL 2., BREOERE, BEO (YMRS)® 2 a7 9B k) 12d 2 WG EE B IR S

5 DRETHEICSMTE R VEELZRIIL, BERIREL

Wocmﬁwﬂhﬁﬁnuﬁsio,koorﬁ$%%ﬂ
RICEDT-. BB ROMEZPRT 572012,

ﬁf@ﬂ&?%UVXFﬁ%&Mﬁ%mbt¢NT®ﬁﬁ
ZRDMESICED . o, @ENSRER L BEHOBT
BEEZ2ROELERTIE, K5 ORIERER & W
REERET, 15 DR & WR O RIEE) OBIfR Y 72 5 B
AL 72,

u.al_n

|. ARDAEELVHER

1. Em#&

AFRE VY Y FEF - THEMS N TED, ki

BRI ER - BARMGHBEERERORRZH/ TV
(AKEREF S 1 010-0030, 010-0031). #HZLBALAAETIC, TR
TOZMFICHmZH O THREOFTHAZITY, HHICKS
FEE&E%.

AHFE R EIRBE D &K 5 Dt EE B #H 32 4 & Witk
FEEEE 33 ADEESI N, BHNL, 5 EM EOBKER
% b DOREFRHE D DSM-5 OB MiEMEZR A L TiT > 7.
W PRIRAE & 72 1 B IR B8 (Young Mania Rating Scale

BHEZO7O0VTA7

RO ORMEREE EXEERE (CH T MR OFEEDBEICOWNT

Nie, &7, Mo OWEKELELA (a5 v %2k<),

W7 X v v TOV0 G, BEOEIES, WM
DOBEDNH BEBESRI U 72, £4EME R 2B L
vy FEE, BHEEE D220, 33 HOMENEEE
FIIREDFERTHELT.

2. A\OREENT -9 ELVBKRT —%

ANOFEEHERN T — 2 2z, 5 2 & BROEIR O HiE
EA2IET 372012, 17THED NIV VS5 OWEIHRE

(Hamilton Depression Rating Scale : HAMD)® & YMRS
2R D D EREE B & R E B E N L THEML
7. Edinburgh Handedness Inventory'” % i\ CHl & £ %,
Japanese Adult Reading Test (JART) 'Y % F v THERTD IQ
%, TNZHFHEL 7.

BTEN SR T2 IS 2720, SMELED, R
REARZ L RpEA R % §1Hii§ % State-Trait Anxiety Invento-
ry (STAD??, fE5XJ1IREE% 1l & % Snaith-Hamilton
Pleasure Scale (SHAPS)'OIZ[E% L 7=, Wi{EREE & A
5 DIREPERE B OIREERIUI AV T D o AF L 7.
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3. £EEMEERE

2MN#F 1 IMRI BREORTHCHAOFHAE R, FL—=
YRy a B, A7 OFHTIEHEDRE
IR U THENZihbn s LHHI N DD, FEERITIIHE
BT, RECHEOHENI DN TS,

WP HREOMELK 1 IcRd., FRITTET, 5
@O &M (=100, 0, [0], 100, 500) D3> HD 1D
232,000 SV BHERREINSE. 2o [AR] X, 0BT
b 2 HEO AR U T, LI (500 M, 100 M)
¥ I3eBRIIEE (100 1) H4U %, WE-EEOR
BREC72z» (0, [0]) 2&Z2ZNFhRL TS, 0&
[0] £2WwT, 0TI, WMPERIIFBELLVDDDR
WL ESIHPDT7 4 —F Ny 73BN 2DIIHL,
[0] TEBEHILERLESIDDHMS IRV E VI END
»H 5D, SEOMBHTIEEKRL V., ARDPRRE N
1,500~2,000 2 UV B#ic, HWIEAE (EWNRIE) 25
100~700 S VBRRI NG, SIFIIEAFAITRR S
NTOIRHENICHR Y v 2/T 2 LARDLNTED, KR
RN 60~70% 12725 L5, FEBMEDNNT +—< v
AZJELCT, EREEORTRHEATHAE S NS, Z0RK,
R VHUDBRI L2 5D, ZORR, SRHHMb»
BVIIEEDPFEL 2D, BIUOAHOEEEEN LS
iR lzPBBMEBIC T4 —F Ny 7E8 13,

B 50 AT <2 BT E N, 2nEho [&K] &
#o v b ENFEFIZHE-> T 10 HT ORI NI,
FEEHAE TR, SMEFIISHRMBEIEST 250 LA L A%
TREDY v Ah—FRETIHEL 72 (ERREENERLIE
AFPLADLRNUVPECZ EZFEKT D).

4, fMRI #&tr 7 — % BUS/au 032/ B ORISR AR

AR ALIFE R R AT FERIN IC H 2 MAGNETOM
Prisma 3 T A ¥ % 7 — (Siemens Healthcare) T62 F v~
FOVOHEE/EH A VAL TiTbh e, SO
5 — %1%, MATLAB R2015b (MathWorks, Inc.) E®
Statistical Parametric Mapping (SPM12) VY7 + 7 =7
(Wellcome Trust Centre For Neuroimaging) 7% F > Ciffi
BB & OHEEHENT 21T > 7.

500 HOMMAFH S Nz & S ORIRIG &, WA T3l
Shigne SOIIEDE (BfE) %, X BT THRES
N7z 21 B OBLFEEIZ B W T, MarsBaR toolbox % W
THH L7, ARETEHFEMZzEET 205, BHIKRODH 2H5E
i% Wakatsuki, Y. 5 D 2 B2 S h 7z,

1004

5. MEtFE

FTRTOMENTIE R 3.2.3 (The R Foundation for Statisti-
cal Computing) ZH W TifTbhr, EEEORMEIL P
<0.05 & L, %EHEIix Bonferroni ¥ CHIIE L /2.

ZWit (K5 oWmtkREE, PmEEE, @EaRE) %
MM ER, & A% nuisance 2% & L 7 o E BT
(ANCOVA) &b, milish-piRiE0%E (BH) % 3
D DB THEL L 72, Post hoc Z3#H7IZ 1% Tukey’s mul-
tiple comparison test & 7z, HEE OB DM DKL
fi##T 213, Bonferroni fi1E 2 #H L 7-.

fE AR & BEHOBM TERENRD O N fHIC
D2WT, MIREDZE (BE) &5 >REOEMERK
(HAMD z a7) OB, K5 DRPERE BERE & D
HEEREHOMTEND 0%, HAEIHE AW THF
fliL7-. EFMICIE, BWi& (K5 DWtEREE, SR
E), I DOROEREE, BLUNZNS DKXANHZMIER
E LT, /-4 & MERI% nuisance B8 E L TEDT. #
BOBLEEZ F w7 I, Bonferroni fifi1F % i#
AL 7.

6. SNEDRH
R2IBMBEOERE TR 2. HEAZ OHE T
BEH TR, BEZOE&IIKS OREEEREH T
, AZIZEHEFTEYV, KEMOE T, EHOMRM
HEICONT, Hi DFIIKRS OWtEEEBERT, A7
LERI IV EE BEH TR, TUEMRE, XYY
T XY REBEEERIIWEFER TEN v, 115 DRE
DEEE IO THICK S OWEEEREF TH .

7. HEERBITER | FHRRE
1) T, BmvEEERER, K5 DWEEE R
FHHECT B % B SEISET
500 HOWMA P S Nz & & ORKIRIE &, BT
M e EOMIRTEDE (BfE) IOV THFEIITZ
127 & 25, AEEGHRE, GRNE, £EETE, AT
i, #@o 5s D OBMERTERE RO N (F3).
Post hoc DENA &, HIEEIREE, WIS, ##T
VAR N R R & OB R R RIS, AR & G ST
CHEEEIRER & RS DWEEEEERICER A (@
MNEEERE > BER) PROONT. KD OWNMEREEER
LW ERER L ORMICIERERRD oD o7,
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&2 MREBMEOER

EENRE

PYGTTESES

RS OHEEEE

(N=33)  (N=33) (N=32) pia
wHEDEE 54.5% 45.5% 59.4% 0.520*"
Fip (%) 36.8 (8) 37.7 (7.7) 36.1 (7.8) 0.729*1
JART 20.3 (3.3)  19.9 (3.9) 21.2 (4.3) 0.233*1
WEBRENEE 84.4% 45.5% 60.0% 0.003*1:2
BEEDE S 24.2% 21.2% 31.2% 0.043*13
aHZEDEE 90.9% 87.9% 93.3% 0.758*1
REERZ (STAI 39.8 (8)  45.8 (12.1) 50 (12.3) 0.004*14
BHERZ (STAD 403 (9.2) 53.2 (10.9) 56.1 (12.2)  <0.001*"#
REEY F 0 s NA 57.6% 25.0% 0.016*?
NIL 7O NA 30.3% 6.2% 0.029*2
SEM)FY NA 48.5% 6.2% <0.001*?2
E—HATIBERRE NA 9.1% 3.1% 0.628*?
BT R TR AR NA 45.5% 40.6% 0.887*2
S D NA 24.2% 84.4% <0.001*2
RO TLEE Y SRABEEE NA 57.6% 62.5% 0.879*2
HAMD NA 7.2 (3.6) 8 (5.6) 0.041*2
YMRS NA 1.6 (2.3) 1.1 (1.8) 0.511*2
SHAPS NA 2.8 (3.3) 3.6 (3.4) 0.278*2

T (RERE), ERIBRAENESE (%)

HAMD : Hamilton Depression Rating Scale, JART : Japanese Adult Reading Test,
STAI : State-Trait Anxiety Inventory, SHAPS : Snaith-Hamilton Pleasure Scale,
YMRS : Young Mania Rating Scale. *'2S52A/LY 4 ZBTE, 2B E (BENEE

B> WBERESBER K5 OREBESEER),

BYRE RBENBERE<KS OREES

BER), MU LIV URE (BESREN <WBEREBERN | K5 OREBRSEER)

(>t 27 S OFR L T51H)

2) 5 DIRREICBIT Bt

il E IR & BEHOB TERENRD S N7 BILMHE
BicowT, BMIIED#% (BfE) &5 >REBOEEE
(HAMD R a7) DBfRIZ, K5 DWRtEREE BERE & WK
HEEEREHOMCEND 20 %, WO HTZ2 AW TEF
fliL7-. Z DT, HE, ABERRICEVTS DR
HIEE L ZWORAEEAPEIEL XLORRERL TE
0, K5 OREREBRER TIX HAMD 2 2 7 I3RS &
ADHBEZR L 7225, WiRMEREEEH CIZIEOHBEZR
L7z (4, K2).

In. & 3

AWFIL, EERHMEETELZ VT, #ENHE, 5
DREB X OCER OB EE, K5 ORERED 3 #F
ZEBEHR L RO TDH 5. HEOTIHERE L L
T, DU PEREE BRI ETRGIRECE, WS R,
T, KD DWEEREE BFE R A I & A R TR i
ROMIEDNE RIS LTz, 15 DREOEIERE &
JRTE DBIFR DIRET T, AR & 7 K i OODURS: 1 R 7 R

FREL R OMEREREFHORMICEAL LOEERD
7z,

WU MR & K S DRt ER G D BEHEED T C
L, WHIZBWTHIS >REBLERREBEOEEINEEND
Xl l e, X9@ETZD &ICTRMRICEET 2% <
DAL % B D EBRIT I & D7 2 L DA RO TH
D, FEOBERIZOLEN>72HDEEZ TN

AL T, ;DWOOM&ﬂmﬁﬁnM%hSmf
BRI A BIRR L BRI BERE AT & 0 IR L 72, ARSE
OHEMIE, T BEOREOBIZR Y 2T YR 7 DR
ZEMELLTWBD, BNEIEEMEETORS Vi
LICEWA FL ZZ U T ATREMED H 2. D% 0 A&
WoE T3, FEEMIEREL, RS OBMERT E 22> T
W HTREEED B B, L B Il S DIRERIC & 2 BUGR LR E &
RO OHREEZEDOEWICEET 258 ORI T, 15 2R
RROWmEEEWHREDT YTy A%y b7 —2 (BHi
I8, RIEREREE, SR EZEUKEEX Y F7—2D 1)
DIEHE, 5 DREOK S DIREREEREREE L O DAL
SECHIIC N U TR CTH 2 2 EAREINT 032, A
ZTIE, WS >RE O DR R E B AN RIS O & O

BHEZO 7OV T 47 1 KD DREEE EXEERE(CH T 2 MR OFHEDBEICOWNT 1005



®3 EHMESMTORBRENE (BE) OLBICEY 5ROESEN

DR & RRMTOMBEEOE (B1E)*

P& (Tukey's HSD test)

" e KOO KB " EEARER s WBKEESE vs
BENRE  REES o (ZHOTHE) REXTEE vs S K5 o

(N=33) (N=33) i AT Y .

(N=32) fE= =

ARIEREIRE 1 2.1 (1.52) 0.75 (1.28) 1.27 (1.75) F (2,93)=6.08, P=0.0033 0.0019 0.082 0.3838
ARISRERE 2 2.06 (1.52) 0.71 (1.26) 1.22 (1.68) F (2,93)=6.53, P=0.0022%2  0.0014*2 0.0704 0.3699
ARIERERE 3 1.19 (1.43) 0.43 (1.05) 0.54 (1.43) F (2,93)=3.08, P=0.0509 0.0563 0.1253 0.937
FERE 1.83 (1.18) 1.14 (1.63) 0.95 (1.18) F (2,93)=3.9, P=0.0236 0.1109 0.03 0.8355
aiE 1.54 (0.94) 0.9 (1.2) 0.67 (0.78) F (2,93)=6.7, P=0.0019*?2 0.0297 0.002%*? 0.6201
EERIS 1.69 (0.89) 0.52 (1.21) 0.87 (1.14) F (2,93)=9.16, P=0.0002*2  0.0001*2 0.0109 0.4122
AERIEE 1.94 (1.2) 0.48 (1.44) 0.6 (1.55) F (2,93)=10.4, P=0.0001*2  0.0002*2 0.0007*2 0.9372
TEEIEZE 1.23 (1.43) 0.56 (1.18) 0.73 (1.32) F (2,93)=2.13, P=0.125 0.1072 0.2998 0.8528
EHEIEE 0.96 (0.91) 0.49 (1.05) 0.56 (1.03) F (2,93)=1.95 P=0.1485 0.1517 0.2538 0.9614
AFRIEE 0.96 (1.15) 0.26 (1.05) 0.37 (1.18) F (2,93) =3.45, P=0.0357 0.0397 0.0997 0.9247
NEIRTEERERE  0.37 (1) 0.07 (1.05) -0.1 (1.05) F (2,93)=1.59, P=0.2103 0.4923 0.1797 0.7896
BERHIRE 1.33 (1.47) 0.52 (1.25) 0.8 (1.35) F (2,93)=2.74, P=0.0699 0.0505 0.2698 0.7023
FRUDVEIE] 1.13 (1.11) 0.13 (0.93) 0.46 (1.42) F (2,93)=5.97, P=0.0036 0.0025 0.0621 0.5039
e 1.75 (1.09) 0.73 (1.07) 0.81 (1.18) F (2,93)=8.1, P=0.0006*2 0.0012*2 0.0033 0.9554
EREEDE 1.64 (1.26) 0.88 (1.92) 1.21 (1.58) F (2,93)=1.49, P=0.2298 0.152 0.5557 0.6902
LREEEHE 2.03 (1.45) 1.23 (2.34) 1.41 (1.62) F (2,93)=1.54, P=0.2191 0.2 0.3768 0.9254
HAsEEE 1.14 (1.28) 0.59 (1.51) 0.55 (1.28) F (2,93)=1.94, P=0.1495 0.2421 0.1998 0.992
KRR 1.95 (1.28) 0.94 (1.47) 0.77 (1.82) F (2,93)=5.82, P=0.0041 0.0269 0.008 0.8921
AEEK 3.24 (2.29) 1.78 (2.54) 1.65 (2.42) F (2,93)=4.48, P=0.0138 0.0462 0.0279 0.9743
TERIAL L 2.33 (1.43) 1.11 (1.34) 1.5 (1.53) F (2,93)=5.89, P=0.0039 0.0029 0.0621 0.5297
A 245 (1.4) 1.22 (1.43) 1.55 (1.42) F (2,93)=6.29, P=0.0027 0.0024 0.0371 0.6322

Yy (B#fRE). *2P<0.0023 (0.05/21). FEERINCRENBEE > WEEBZEEFHEE, BESRER > KS OREEESEER

(>zmk 27 K DR L T51A)

x4 REVNREHLBEHTHEREZROLEALEEICEITS, SHRH & BRMTORRENE
(BfE) ICRT %, BZEIEIS DREBOLSBD IR

‘ HABAH
B/ 03B - — - T
2 05 SRk LUF LS5 SREDSE R
AEIER®EIRE 2 F (1,59)=1.57, P=0.215 F (1,59)=0.2, P=0.658 F (1,59)=1.49, P=0.228
AhxER F (1,59)=1.36, P=0.248 F (1,59)=0.48, P=0.492 F (1,59)=5.55, P=0.022
L ERIER F (1,59)=0.94, P=0.337 F (1,59)=0.06, P=0.814 F (1,59)=4.43, P=0.04

A BHIER

F (1,59)=0.01, P=0.919 F (1,59) =0,

P=0.96 F (1,59)=3.67, P=0.06

R F (1,59) =0.01, P=0.937 F (1,59)=0.08, P=0.774 F (1,59) =3.09, P=0.084

P<0.01 (0.05/5) %=m/-9gEBI(IHEN>T=
(@R 27 £ DFIERL T3IMA)

fEOHEZ L 0B 2T, BEFROED, FRRED
B R R E R 5 DIRREE DR 5 DR E B & iR
LT, KOMMU 2 mREEDDH 5.

AR TIHRAZOIRIE IC DWW T, EENEE, K5
JRTERE B, WM E R E O RHETHE L ~LDEL
DRDILe ol EEEERE O SRBEMEEREICE T
2 AR DIRTE 1, SBATIZEORRIILTLH—HL T
v, SR BMELRE T, & O HEE RS
(=500 M7 &) A HRERBRFRFEOMEF RO 7 > H— &

1006

LIRS 3 2 EDBETHETRENRTL 34, SHD
W% CIIEE OB EEBEE A W20, HIAEDOES D
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Activation of the Reward System Contributes to the Differentiation
between Major Depressive Disorder and Bipolar Disorder

Naoki HASHIMOTO

Department of Psychiatry, Hokkaido University Graduate School of Medicine

Background : Differentiating bipolar disorder (BD) from major depressive disorder
(MDD) during a depressive episode is an important clinical issue. Although reward system
abnormalities have been highlighted as biological bases of BD and MDD, few studies have
directly compared reward system abnormalities during remission and depression periods.

Methods : We performed a functional MRI study of 33 BD patients, 32 MDD patients,
and 33 healthy controls (HCs) using a Monetary Incentive Delay Task. In 21 regions of
interest (ROIs) related to reward anticipation, differences in brain activation (beta values)
between highly rewarded and un-rewarded conditions were extracted, and differences by diag-
nosis were analyzed. We also examined differences in the relationship between the severity of
depression and brain activation by diagnosis in the ROIs that showed significant differences
among the disease groups and HCs.

Results : BD patients showed significantly reduced brain activation during reward antici-
pation in the anterior cingulate cortex, anterior insula, and putamen compared to HCs, and
MDD patients showed significantly reduced brain activation in the anterior insula and brain-
stem compared to HCs. A trend-level difference in the relationship between depression severi-
ty and brain activation between BD and MDD was found in the right brainstem and left anteri-
or insula.

Conclusions : Our findings suggest differences in the effects of depression on the reward
system between BD and MDD. Further research is needed to determine whether behavioral
tasks that reflect the function of the reward system and structural imaging of brain regions
involved in the reward system that are implemented in clinical practice can help differentiate

between BD and MDD.

Author’s abstract

Keywords anterior insular, bipolar disorder, functional MRI, major depressive disorder,
monetary incentive delay
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