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| DEHESR

LUSED L) BEE, BEROBROAL LY, AROR L ALS
TOF—T—=FO—DLHoTwh. —fKIIYAIILELEELETHAL
TOBLHEDA A= Tk [2EADR] Lol bDTH 34, Nk
D BEELT 199] i [LHEZOHLVBHEIEH ] 20 THD,
LHiEZ [HERBORT, TOFRFERLEBI0OEEN 2 RTFIEEC
5L, #ENZV LEENREENZDONLRERZ V). 72750, W
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OWSi%k, EOMEAEME R L2270 BROMRE LTRD & EA0E |
ThE, LI TLERL TS, R RIL SETRER, [22508) |
Liiotzd A—Vhbik—RAT ATV 24, RENZLHETHY, |
LE - HANERAEORBORIE - MEBIE hboTWD S L35
BATVD. Bl [OHEZNEREABILELRE (VWhPDL |
FEEFORDAER) | ELTHTLNTHEbDTHLHE, FEIERE
R BHIERE 2T AREFLHEORMAATLE LR HND 2 EFbpd,

DEEOREES

LEEDIREDE b oTub AHZAXLEEZLNLZDIX, A
RIBT B R b LAKRED &, ABLLBR - SR 2 B0 L L fBO%E
AH7BEN, BIERME LT, R RLEY, BEREALL
HIEROEIE L1 bF, L) bOTHE, 0%, LR - HANA
LRSS, KRR - RAORINH 7 L7 — 7 ORIEH - SEOTE
#h7b L, LHETHBISEY, HAVEBEOERE - HES
| EBLEZHRD. ZIT, ANEE LY DUEEER, Z0Rry hT—
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BHERR, ﬁmﬁﬁmﬂﬂtﬁ

i ﬁﬂﬁ&ﬁﬁ A, %w@mﬂﬁ%ﬁ BENT, B AENEXEE, wEL, BAE,

| RoEE, VZB 7 s, Eﬂ&t

SEXME, BATERY, ASIP HEES, BELBERY, REMLES MEMART
BE, ARE, FGHEHE BSRE ENGE BH, TR B RAE ETHEDEE O
B, ABETRIK, #EHER BRE BRE BE FERE OTV, VDR, Fu
7, DENER, ERRE NNIRE RHEE FHHE, Basedow s MRS RWEMY
WAIE, BBHBE, 7 bE-HEER SESHE, AMKREE KE ARE KBS CEMRH
e

BRZ, 7 NE-MERE AUREE ARMEMEE, STE SMEEE BXERE BS,
RREEE, DEREETE BREas, RTHIUBRERRLLE

P FMREE, RAFHE MAMERSRES &

REU Y7, SHUHHRE BeR% BRE SR SRMEHRK B, SREER HME
HERERE, M, CORMEERERELE

HWERAE, BRE, WEESER OEMEPAR, EEW, ORMEA RT X, WALRE, REFERH
né '

EEMRE, REETEHN BARSMHRRBE, NETTREG, ARH RRNEERS AR
BE, BRUEEPE SPREERE, SIMBEEET, ZAMER RMEMEIRR, EEMES X
rRSS—, BES oM, THAE, SRRES, NREEE 1430 MTHE, B, SR,

ABRBRERE, FT, TRE BER RE S SRS MBS, BREm 6 KE
WRY, WisRFe, v2=-F4—TL—k&

PSR IRRBIRE, RREGAR, REBEY, FEMRBTE BHET, \EFRE R
iE RELE

HR, EEE OESEE TLAX-ER% SHEISRA REEE, BE RS OA%
BGEREE, B OREREE EELE

SRRAENAE, FRARRE, OFERE =Xk SHEARRE 52BO0R%K RREESHE
FETESE, MSRMEE, O - WERHEE, MOFHEL E

(AACHEFEBEMSERER (). CHBE 1991 31 : 537-576)

JWEAEL, GCREORECEERZALH-oT0D I ENbRoTET
WwWh, DF N, LEEICEERMHERE L LT, O8RS L VIIHIK
EEREREEE DL RAS, AMLVALLTHIARI SNAKRIODDT Y
PO =D b LTI EREZEL GNTWD

IDBEERFIR
:1—u4x—vy7ﬁm®%ﬁuﬁotIET@%&&E@M%%i
R BRIEML S FrbN s X I T -7z BT 1992 412 4%5ERY MRI
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* 1
& [AoRE] p112)
£R.

* 2
## [PTSD] (p.120) 8.

*3

A&y 7EE](p.141)
£,
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(fMRD) A%k b OMEtgRE % FREIHETE S 2 EARK SN THSIE,
HEIH O S HICBAMN LV EDRED R ENB L2l ol:. LYE
EMRIZOPVTW L, HRELro b P TOEKEKE OME—
ICEHBRER, AR EARRERREOAMOEEL, Mol
YERDZENTED L) o7z, $, SFEFCTRENAOHEBE
REILYRBEZIET A2 LICE o T HYWEBRTIIE L (4%
IZE DD SRR L L3 iTbNB LIk Y, HEWERIE (so-
cial neuroscience) &) IS BATIIHEAIBU TV 5.

SO, LHEFICBY AHAHOMBME BRE:, 7k 21, gy
Antonio R. Damasio 513, WHRABEBRER. HHENTFOLITRIEE
MRS 5 AR D B L, MEMNEZERRETOTEILWI L%
L7z, 0%, B2 { ¢idBMM L ERRENTEL0OTIELL, ¥
CEHRERRECERELEEL 52 TEY, LHOMEE, 20 H

- SHOMETIHD, ) ZIICLHEESFE I hboTVE.

BTFCIE, IhitLBRFRERCREEN R T T —F3ibh T &
DR H, VORI EY ZIThH>TELLDERD LIFTCL Y a—L,
BRMICHIBARESED L ) 2 FEHAR R L CVEO0T EDOTHR, &
B, AGEE, PTSD*? HNoy ZREC LBV THRED ZH18
Do HH, MIBEIZED 2o

D & i

LM B E & e D MBI DV TIE, MATHEMERD T Y Po—
WS L TAHOERFELHET2RL LT, &dLMHEIATHS
bOD—2ThHA, RERERGHEICL Y, HHICHELOMEROTE
fEid, ZCREAHE - BB RE N L CRBEOESH L BELTBY ., O
BOWREMEE, TRICLDRMEDOFIIL > TFREND LT 28
HB". SHIZKKEEDO LN THFOHTMEROERIIRS ST
B, HIEMORIAIEES (5754 IKEMM P (perigenual anterior
cingulate cortex : pACC) ¥ X W IR THEAEF) (%, RSB
Y L AR LA T A S L SIS NT WA, 2o pACC 4Lk
FEUE, XY RAOKEL (caudal ACC: cACC) L LY WHOBT
## (subgenual ACC : sACC) (2@ Hhs (B1)%. MLEOHEL S,
SACC (I mbkikh S5 % <20, MO RTHEITE & & b 12 MHacm X,
CACC D HITRMENIRF AR ENA V) 74— KNy 20H—F v |
PHEL, RKBOFEHOIY Pu—LildhbosTwa EELZLATY
H. BoliOIEEIA b L AFEIZ L B IMRI BTl pACC D L h o
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B1 ssFACRER (DACC) ORMELD
RRERES

FRIZIEDERE, FEENDEM %R T 8BAL
CACC : RSB iR E R EIFE L 58, SACC : i S5%51kE B T 28.
(Pezawas L. ct al. Nat Neurosci 2005%)

HIRATIRA] (cACC) & mibkthk & DRiERIA AL, CIMEREKBOREL
VAZ 7725 —ThHNFHHRPIEREE X M2 2 LAHE SR T
W5Y ZONMOREELDOFIRIZ, AEMERTMLTA ML ZH)
PCEELEH 2> CE Y, ZONMEERNE - pACC - RHED A v
7 — 27 ORRIEFICE > TR ML ATIEORESRI . LM RE
BEj|ZRITARMEIRESNSE ZOPACCEELH—Fv FOR
W CIEREBDE DO TRECHEN IR 777 5 —Th s, 14—
MR REOKIHBL - EROBEOBEH TLBOGA TS, |

BEEMISARE - R

B ERE (irritable bowel syndrome : IBS) 1, A (b L <
(2/NB) OEE) B X O EERE D RE TR Z A WADEBK T, BETir-
THRERTH LR EAIAZLREIBD SR 2VIZ L Db 6T, TH
RfER, HABFHIZL DL FIIBORY, WAk EOERIES. ALID
0AIZ LA, HIELRHRZREEOFRIL 2 LEDDL L bV IIES
WIRBTH D75, LIZLITBMEAL - BG5BTt oatibhsa L <
CIALEH G A P L AR EOWEHFRECT EFMULN, LHEFHRT
TO—FHREELREBO—2TH 5.

AL X, A OFILE RV R EHBE £ L CRADMER y b7 —
2 (enteric nervous system : ENS) &WomHfML L AT L% ET 5
& THSH I LR OENT VLA, RlLidhi & HLFOREMME (F-
W) PEHAES, FICELDOIBS BL U F e SUEGEREE
(functional gastrointestinal disorder : FGID) 2B\ T #FOMWETEH Y
O—X7y 783N Twg, BH0O-—-2i, [HRIESE] Lv)BaeT,
Al L LFMEEN LD L ) LR TAB IR DRI EV) ZETH
%. Damasio 5HME 272V~ 5 1 v 7 ¥ —# — (somatic marker) {i;i%
WEAUE, (1] Lid, HAIRTICKHE- 72 & X2 GRSROIRE L KAt
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* 4
BECI-TEEZLOD,
—HAOD 10~20 %.
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FoS—FTAHILICEVEL, AMo M8 WA, o [EE))
TTARIILThERS., COLEOWHHOLAEIL L FHOKREL LT,
¥¥12 internal milieu & FHINHMRAD K A 4 R ¥ — ¥ ZADKER, W
BROIKREDS, HENCA PL— MIRBLT 5L Sha. HILERL 2oih
DEEL T 775 —D—2E £z 60, B-BHENE L CHFICIEBIRE
WEEY SR TwAEEDbNS.

MOREER 21X, IBS BETIIIKATRES, NARSEATE, BAMUAE
VAR, BRBEEEL VLA RHETEL LTV LT 5HEYD
57 7z, BEENSNV—THIRL L SORMKORR T, BEH
PEEN L BOREEKE QEERER) L IEXTH, FRMETEIE
2 HEEAREL (ACC) DHENIE - BT &I 27 T L RtkfE & & 158
PR AL L T eolnt L, BOSMIEIEIE RS AT - PhkkE
MBXEER E, AENLEAORRICER 2% —% v TGS 5D
LCw7z% IBS BFTit, WBBEHEAICH LT, RkiEn & 0iEH%
DAy PI =7 ORISHTCEL, EifiT 2 bo—)uihhb B4 RTEHET
Bl Diy M7 —2 OBERELH LTHENEYD 5.

iR

HEAERSIITREE & /o9 X 5 245088 6 »HLLL#EC &9 2 KEx 18

- BERLIT 4. GUASREmRE (ICD-10) - AfREttEE (DSM) &

FHEN B SO TIE, TOMAETIEZRI LTV A HENHENZELSDH S
XL, MEREILL > THEMNRERPHL AR L nwI EMEh
HTHV. BRENLEMERICE, BN RE Fhtkasstmmm JE
FROBRLEXDD. 29 LA-BRENEEEBIIEbOTEL RR
THhaH7, LITLITESL QOL REERLZ L (KT &E5. 22T
O (A 13 &0 TR - EEROLERE LTEALN, FBHLAR T A
FLORHIZL > THBENLLDTHY, MRBMND A 7 =X 4 L EE
BEDEIZDOWTORHAWLELE 2D, HEERRE L2 BT sh
T/

MADBEATO 70t ABEHOFESF P b o> TwDHH, RLEE
ThLHELEERDLDNAIDONWACCTHSL. £0H L, FAIOPEHFIKR (mid
cingulate cortex : MCC) (3, MAFROHEEIZhboTwahE XN,
HEIE PG RWEROBEH TIE, NE2BFHHEA ¥+ 5 MCC
ONEOTLEA RO BN TVDS. MCCIRIREZHR-—x—o %L, #&
BERICERICHRS L TWwA, —7, pACC RRRENF ¥ A 1 FEEH
AL, 148 - HEMBEEHE~NOEEREEH S, 2FH, MCC/
pACC i, RERBIH L THEBMIS 2K T 5 9 2 TD key region T
by, BHEABPECLBIILEELEFLRL VA LEZLATY
5.
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EH1C, BFAEKRAMRNEORETIE, MB35 A - R
FRIBFORSET 8 L URERRE, RkE ACC % Xo) SUBIUENED
bhTwa, WHEBICE A% { ORENREETETHRELTVL0
id, RUSERITFFEROMGEET &, 158 - EMEEERO G TETH 5.

% 7z, 4 default mode network (DMN) &I L MEESR Y F 7T —
IHMEND L) kot THUL, B LAELEER S 2 R WIREE
Th, HAFEDA Y T — 7 TORGES &, BREOPERENR SN
THLENDEVW) LDT, ZODMN Tid, A LhOYE L RERITH
ISR EI AR S Z eSO NA L) Itk 57z, D DMN Ti@
BHONLHENGEHIGE L, BEEROEZETEARI LTSI LD
o TWVAY,

61, BRICBWTIE, REBETERE DL L S INMAIMETL
SOIERNWET H LMK HAET S Z LA % { D PET B4k L TH
HRIZEH>TWA, Zhid, HIRICBT 2 RIELR & CRERN 2B
Hohd MIKRE) ZeEEzhd, EbOTELLRILEEZLONS.

—DHERRCOIL, BIEPREORE TIOBEIT ORFETIE, KEE®
BAD, BRR, T AORE % 3 2 /MUNEHNE TR L5 =
EThDH. HL 0@t (IBYEER, IBS, SMEMBIE) 4 & THRUO
W T rb TV 5285, FEl L EROEVIISHEH, BLAEXTKAED
BAARENTVE, £, IERT » 7 VBRI B A BRSSO/
Tid, 3D by 7Y OERABREOBENALN TS S,

I LB R, MR 5 oRRE, EY, LERX s vi
PRI RBA ML TR AT E2WTTHEMEAH 2 b 0o, THEEY
UGN - ENEFTRHEOACRAICELL, KROREIZ»2H5
B ORIFEY ML Cwb EEZ LS.

SESE LA L ARNEFPHETHIOEEZ 52, BRGER 8,
BE - NG CIREISA L BITE R, LR R ARSI TE
BEEIIBVWTYH, RREOCHENMfTOITVA, SRELVEBINTVS
Dif, FFHE-REEEPLE LHCHEOR Y T -2 OREEHTH
Y. ZDF v b —71% KEEE-REG-BR-KEEEN— T D%
PO—HTHY, HALEATEYAL7 MO CRABTHL. BEE
DI L, THEEEE AT 58 OHLEHE, Q@ FRY, @F
SMBITISENT S & OREEHH Y. I (R) BIBSEEL T 5 b 0@ 4
TS, ® ACC LoBEARHET 5. WREE L 2 &1, H)
B-BS DL RBEIHI phboTB Y, BRI BRI,
WM - BRI SishhboTwbE SRS, ZALLFY NI 2D
b, AERTEZATHL—Tik, HRERIILELRE - fTHHrECa
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Y=L RREERIIL TR EZEZLONTWS,
BRER, BSTIYPO—VTERVBAR S ERYET. 85612,
HEOWMEZE C-iz, HUFREEL, MR- FIRE - GhE it
DIBDOFERDE AR, A, FA388 2 E8 7% EOR R 2R EST
BErR)ETILbHY, TERNICEEHEOD Y FO—-LE (L
AT ENHLNRTVS., ZOMEEYRRIZ LW T, Stroop k&%
EoEMEa y Po—VELEETIHREICBVT, MEE-REEORM
EBOBRIPBEHLNTVEY, Fh, BREICBVNTED b= fR#fn
REEDSRIEETCREOLN, NS o, MERYBLZ LB CERLLRY,

| BEFFOHEEIZOLI o TBEVIZEZLHY, EBIERNEo F =

YHEILY AAMEESR (SSRI) 2L AEMEHL—EOHRETRTI LD
BHA, T, BEGEEETHEBSEO R Y FT7—21%, KYOHBRH
BT 2 LIChPbA2EMAT—Fy FTHY, EHEIUIZOD

F—Fv bDF—732 VMR EESELEEE L0, AHICETHOSE

WTEIEIR & 2D F—/33 Y RIBOBES, 7y PThe FTHRERER
THY, BRETH ZOROMELDH L TENELD 5.

ARE (RMEERRUE) 13, BEEORMAE & ARSI 520,
PHTOTHHATORELZBRICBEL L2 EOMERI LY, MAEL K
MT2HRBR DL, HEFICBWTH, LR IOHMEDR Y b
7 — 7 DEEITRBES TS, FHD, - Ao 71— P8y Z2xf L
T, RO IO HIIH L CHRBMAAES T 201008 L, ARECS
WTIE, MEOBEDRBICESLTLE ) Z LMo Twya Y, i
EIZBVTIE, F—=s83 MCRHE L HMARORIGEDRIIZE Y, &Y
DEMEHEOET 2 LRI > T B[ liEENDH 5.

SETRE

SAEEMAE, BIEHOMEMRKE, Hs, AR ETERT, 8
RREHFZEICEZ Y, SEOBHMESTET LI EFEORINEEXS
nTw5, HUEOWA, &), 1&F%EIMmBEEDOTIESILLA, &
#hlkld, APLAGEDOEHINEDELL BIEDT &SI b LT
by, RROLLHEE LTHEITIONTVS,

BRI L REEE IR b frbh, FEAR L 0rhb Y
PRSI TVIEY, HREIHLLLOMEL ANEAD, RMELFHREE
HELMFEEFRATAF YLy VTR MRV, FOHBICHE (1 RFREHE)
BIXUER AEME) ORERIGHARI »TwhE X2 MR O %
ZiFfz. fMRITHE, WWRISA b2 BiE (B [RIED) 2 F 71 7%
HEE (0 [M)), FAB#CHEOREE (o ra—-Lfild) &
MHERSN, TRHT IMESIME SN TOKE FERBIICS
W, AWITTERTE 1288 L7z ACC (Brodmann 32 ) OHEiG#EhAS, &
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R OHERMROFES (MAORERELRRT S) ©, M#RO
TNFa Vo RIEZ— 7 — EMBZR LA hid, WHORE %5
DALY, WAOTHEE S v b 7— 27 OBEFIED, FRBE ORIEREE
é:b\of._%ﬁiikfi?kﬁ/%‘%&libfb‘? CELEMRLTVAS,

%ﬁﬂﬁ(?b#Jﬁ4‘7)—ﬂw§ﬁt&ﬁﬁ

[KRABE | £V ) BRI, Bk bUREE I A—YLTL
B, FHIXIEL { &, Sifneos*® i, BEIZH: 308 EDOHBRE
B o, LCHERE XS5 LB LRSS L LicAT\ . DD,
HENETPELONT, BIRRR 7I A ML —2 3 v 50T
i, WELZCY, E#ECEFICHLLAYT50TIERL, bLAZTRE
BT L ODTHICESTLEIEVISDTHL. FLT, #0/BAD
B, TA70RMEE2RATLEEEROT L0 L ] vy ok
THho/z Sifneosit, #Ih6, EELTVETSENRITTCVWL I E
=RENE (LFFL) & (TLE 244 37 (alexithymia)*®) &\ )%
D% 1972 FIHE L7,
LHFREVIPOIEDREL 2 LSS 2 SR To I ER% LW
EV)ZLLIIMBEADHEDIESL I H. [bDEDLEHIE, s 22b
SR EVHBLHL LI, HROBILEFOLILIZRSE, %
WKLTWLZLE, HOOREOREIZ EE L ZRE R LTWES. L
L. GCEETIRENMMER SN TH AL, BOOHEENEALZY S,
HEMEER - WAWR - RERA EH B U T, SHmIkE LTHRE SR
CHDREERPE L 2 BDTREVHEELLNTEY, LHEOH
BE et HBRERL LTCURILY Py 2 o TE
COREBMEEOMEE, SFEELHMRICLoTUTOFKLELTE L
o Yo% (WAl
. HADBEPEDL I b DTHLINFTETERLD, EHHmE
SN EIZE>THL 3 NEBEEBEOBREE L IXHLY
TAHILENEETHS.

2. BEEMMAICSECRT I EXRBETH S,

3. RSLZRUPGEHSND L)1, BEAFHBRESA TS,

4. (HCOAM LY D) RIFUAT DD 1254 R HEABLLAN D) 72

HAY A .
DTV FRIFAITHEEDL I REROELELODONIZOWVWT, A
FSERMESSMESEATVS, EROBRBIEREHED S

ACC MR H, REH% EOTRA LTS KEHHEHAOR |

EREINTVEN, FIEECHMLTE 7L 4, 37088880
REEIZBT | DD, bELETLIIHA ITIE, HOCORIFOXK
DERKRFORGEL V), BCOWBUHREL ML T2 0TH B
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r=0.48, p=0.0012

A MPFC O)iE)

10 15 20 25 30
perspective-taking scale

B2 7PUFIY9AMI7CHTI0DEREHEZEAMGENET (MPFC) OFESHET
ENEER, DOBRBAICHL, MPFCILEWT, PLESHA IPRTEDOETL CVWABEERLTWVWS., 505
771, MPFC OREEE, EDRSEMB TS (perspective-laking) ENPEERT.
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(Moriguchi Y, et al. Nexroimage 2006%')

M REORIE LR AMPEANRY b7 AL EORBREFIZBVLTY
TVFRIHA I 7O@ENFBH LN TS, BEFHICE, BC - g2
WMOTMIERE—GEZZ0N, TLHF 44 I 7O IILETE -
RRENODEEOHFT MR INL. EEE (LOHER) 2hdhbbT
A= aHEIIHLT, TLEIHAL ITICBWTIE, EEEDLN
TIDRGU b 5 ABMITHRIEF OB MR o0, ZoSiEhEo
U BT LRANLIFOWFRT#ED: (B2) 7. BAORALHEL &
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Differential Hemodynamic Response in Affective
Circuitry with Aging: An fMRI Study of Novelty,
Valence, and Arousal
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Abstract

W Emerging evidence indicates that stimulus novelty is affectively
potent and reliably engages the amygdala and other portions of
the affective workspace in the brain. Using fMRI, we examined
whether novel stimuli remain affectively salient across the lifespan,
and therefore, whether novelty processing—a potentially survival-
relevant function—is preserved with aging. Nineteen young and
22 older healthy adults were scanned during observing novel and
familiar affective pictures while estimating their own subjectively
experienced aroused levels. We investigated age-related difference

INTRODUCTION

Humans are curious and novelty-seeking creatures. We are
wired to prioritize novelty (cf. Mesulam, 2000), and with
good reason. Evaluating whether or not a stimulus is novel
is one appraisal of an object’s meaning at a particular point
in time (Scherer, Schorr, & Johnstone, 2001). Novelty-
seeking must have had adaptive advantages because early
humans are the only group of hominids to explore the en-
tire world, despite the risk from unknown predators and
other enemies (Zuckerman, 2007). The ability to process
and respond to novelty translated into an increased
change of survival. As humans age, orienting to novel as-
pects of the outer stimulating environment is thought to
prevent mental decline and to sustain cognitive functioning
(Scarmeas et al., 2003; Wilson er al., 2002), and to improve
mortality across the lifespan (Swan & Carmelli, 1996). Even
rats more engaged by novel gustatory/olfactory stimuli tend
to exhibit better cognitive functioning (spatial memory
measured by water navigation task) (Rowe, Spreekmeester,
Meaney, Quirion, & Rochford, 1998). In the article, we ex-
amine age-related changes in novelty processing, with an
emphasis on the amygdala.

Prior research has shown that novelty is inherently affec-
tive. Novelty and uncertainty produce the same cardiovas-
cular responses associated with valence and arousal
(Mendes, Blascovich, Hunter, Lickel, & Jost, 2007). Novel

"Massachusetes General Hospital and Harvard Medical Schoo,
“Boston College

of magnitude of activation, hemodynamic time course, and func-
tional connectivity of BOLD responses in the amygdala. Although
there were no age-related differences in the peak response of
the amygdala o novelty, older individuals showed a narrower,
sharper (i.e., “peakier”y hemodynamic time course in response to
novel stimuli, as well as decreased connectivity between the left
amygdala and the affective areas including orbito-frontal regions.
These findings have relevance for understanding age-related dif-
ferences in memory and affect regulation. Wl

faces and pictures engage the same neural workspace as
explicitly pleasant, unpleasant, or highly arousing objects,
with a most notably enhanced amygdala response (Wright
et al., 2003, 2008; Wright, Wedig, Williams, Rauch, &
Albert, 2006; Schwartz, Wright, Shin, Kagan, & Rauch,
2003; Breiter et al., 1996; for a review, see Strange & Dolan,
2006). Further, novelty enhances amygdala response to va-
lenced and arousing stimuli in an independent and inter-
active manner, such that greater amygdala activation has
been observed to novel negative versus novel positive
pictures, but not for familiar pictures (Weierich, Wright,
Negreira, Dickerson, & Barrett, 2010). Stimulus novelty
also enhances ERPs to affectively hedonic pictures (Yuan,
Yang, Meng, Yu, & Li, 2008) as well as skin conductance
responses to affectively arousing pictures (Glascher &
Adolphs, 2003). Although novelty is affectively potent
and interacts with other affective properties, it is dissoci-
able from valence and arousal, in both its peak magnitude
and duration of activation in the amygdala, and in its en-
gagement of other parts of the affective workspace, includ-
ing orbito-frontal cortex (OFC), ventral anterior cingulate,
and dorsal anterior cingulate (Weierich et al., 2010).

Our primary question in the current article was whether
novelty responses in the brain change across lifespan. If the
brain responds similarly to novelty in both young and elderly
adults, then it would indicate that novelty processing—a
potentially survival-relevant function—is preserved with
aging. At present, there are conflicting findings on the issue
of age-related changes in novelty processing. ERP studies
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have failed to find age-related changes to novelty (Polich,
2007; Goldstein, Spencer, & Donchin, 2002; Bin, Jie, Kevin,
Joseph, & Emanuel, 2001). Furthermore, two fMRI studies
found that amygdala responsivity was preserved with aging
to novel fearful (vs. familiar neutral) faces (Wright et al.,
20006), and to novel (vs. familiar) neutral faces (Wright
et al., 2008). Yet, some studies have documented age-related
changes in affective processing (e.g., see Williams et al., 2006;
Tessitore et al., 2005; Wedig, Rauch, Albert, & Wright, 2005;
Mather et al., 2004; Gunning-Dixon et al., 2003; lidaka et al.,
2002; see St. Jacques, Bessette-Symons, & Cabeza, 2009 for a
review), and given the fact that novelty engages the same
workspace as valenced and arousing stimuli, it is possible that
we might observe changes in responses to novelty with age.

In the present study, we used fMRI to examine age-
related differences in the overall magnitude and (for the
first time) time course of amygdala response to the visual
presentation of novel and familiar images that varied in both
valence and arousal. We were particularly interested in exam-
ining age-related differences in amygdala time course be-
cause there is substantial individual variability of responses
across different individuals (Aguirre, Zarahn, & D'Esposito,
1998) and some studies documented age-related changes
of hemodynamic response curve (e.g., Madden, Whiting, &
Huettel, 2005; Aizenstein et al., 2004; Huettel, Singerman,
& McCarthy, 2001; Buckner, Snyder, Sanders, Raichle, &
Morris, 2000; D'Esposito, Zarahn, Aguirre, & Rypma, 1999).
As there are currently no published reports about details
of hemodynamic time course in the amygdala in response
to affectively potent stimuli, let alone the age-related changes
in the hemodynamic time course, this focus on time course
is a unique feature of the current article.

We presented both younger and older participants with
images that varied in their valence, arousal, and novelty.
We examined whether the novelty responses in the amyg-
dala were moderated by valence and arousal, and whether
these responses were related to subjective experiences of
arousal in response to the pictures. We also examined age-
related differences in functional connectivity within the
affective workspace during novelty processing, as mea-
sured by temporal correlations between the hemodynamic
response to novelty within the amygdala and other brain
structures. Such functional connectivity provides clues to
potential causes and consequences of changes in amygdala
time course. In prior studies, older individuals showed en-
hanced functional connectivity between the amygdala and
ventral anterior cingulate cortex during exposure 10 nega-
tive images (St. Jacques, Dolcos, & Cabeza, 2010). Changes
in functional connectivity as a consequence of stimulus
novelty are unknown to date.

METHODS
Participants

Nineteen healthy young adults (14 women, S men; age:
M =245,5D = 3.68, range = 19-32 years) and 22 healthy

older adults (14 women, 8 men; age: M = 70.6, SD = 7.09,
range = 62-86 vears) were included in the final sample for
the analyses in this study. Our sample size (7 = 41) pro-
vided sufficient power to test our hypotheses. Assuming
an effect size of nf, = .14 (Mather et al., 2004), our sample
provided a power = .998.

To obtain our final sample, we had screened larger sam-
ple and excluded 16 people. All participants underwent a
Structured Clinical Interview for DSM-IV (First, Spitzer,
Gibbon, & Williams, 1996) to confirm the absence of
DSM-IV Axis 1 diagnoses. All were right-handed, as deter-
mined by the Edinburgh Handedness Inventory (Oldfield,
1971), and were free of psychoactive medications. All par-
ticipants completed the American National Reading Test
(AMNART; Grober & Sliwinski, 1991; the American modi-
fication of the NART, Nelson, 1982) and the Mini-Mental
State Exam (MMSE; Folstein, Folstein, & McHugh, 1975)
to assess that general cognitive ability was equivalent in
both groups. One older participant with more than 30 er-
rors in the NART (corresponds to verbal 1Q 97, perfor-
mance IQ 98 and full-scale IQ 98) was excluded. No one
was excluded based on the cutoff score (<26) for the
MMSE. Eleven participants were excluded before the scan-
ning due to neuropsychiatric problem-like phobia, schizo-
phrenic, ADHD, bulimia, or medication use. Functional
data were first visualized over the averaged 3-D image
for each individual to ensure that the fMRI signal in the
amygdala was not obscured by susceptibility artifact. Darta
from one participant were excluded on this basis. Further,
one young participant and two older participants were also
excluded for excessive head motion during scanning (total
motion vector >3 mm).

Behavioral Measures

All participants also completed standard cognitive and per-
sonality measures because memory and personality pro-
cesses could be third variables of interest that could
explain the age differences that emerged in this study. Par-
ticipants completed the California Verbal Learning Test
(CVLT; Delis, Kramer, Kaplan, & Ober, 2000) to assess
verbal memory abilities. To assess the big five personality
dimensions, participants completed the 100-item Interna-
tional Personality Item Pool (IPIP; Goldberg et al., 2006).
Each IPIP item is a 5-point, Likert-type scale ranging from
1 (very inaccurate) to 5 (very accurate). Additional mea-
sures were also completed, but are beyond the scope of
this article.

Affective Pictures

One hundred thirty-two full-color images were selected
from the International Affective Picture System (Lang,
Bradley, & Cuthbert, 1997) for each of six combinations
of arousal and valence (i.e., high arousal negative, high
arousal positive, mid arousal negative, mid arousal posi-
tive, mid arousal neutral, and low arousal neutral images).
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It was not possible to parse out the effect of neutral va-
lence in the context of high arousal, or the effects of nega-
tive or positive valence (vs. neutral) in the context of low
arousal, because these combinations were not available
within the standard IAPS stimulus set; nor does the IAPS
stimulus set include high arousal neutral images. As a con-
sequence, neutral valence and low arousal were necessar-
ily confounded in this study. Twelve pictures were used
for the familiar condition, and the remaining 120 pictures
were used for the novel condition. Positive and negative pic-
tures were equated for level of arousal [positive: M = 5.50
SD = 0.74; negative: M = 5.69, SD = 0.79; £(86) = 1.18,
p = .24], as were the novel and familiar pictures [novel:
M = 5.04, SD = 1.15; familiar: M = 4.95, SD = 1.21;
1(130) = .251, p = .80].

Procedure

Prior to scanning, each participant completed a brief prac-
tice run outside the scanner to become familiar with the
experimental task; practice images were not used in the
experimental runs. The task was run using E-Prime experi-
mental software (Psychology Software Tools, Pittsburgh,
PA) on a PC, from which images were projected onto a
screen in the magnet bore. Participants viewed images
via a mirror mounted on the head coil.

The imaging paradigm consisted of five event-related
fMRI runs. The first run was a familiarization run. Partici-
pants were familiarized to two images in each stimulus
category (12 pictures total). The 12 IAPS images were each
shown 10 times. Throughout four test runs, participants
viewed each familiarized image a total of 10 times and each
of the 120 novel images only once. During scanning, par-
ticipants rated each image for how aroused it made them
feel using a 3-point scale (1 = low, 2 = mid, 3 = high) and
answered with a button response box. Each run was 340 sec
in length and each image was presented for 3.5 sec, with a
stimulus onset asynchrony that varied from 4 to 16 sec.

Image Acquisition

We used a Siemens Magnetom Trio Tim 3-T whole-body
high-speed imaging device equipped for echo-planar
imaging (EPI) (Siemens Medical Systems, Iselin NJ) with
a 12-channel gradient head coil. Expandable foam cush-
ions restricted head movement. After an automated scout
image was acquired and shimming procedures were per-
formed to optimize field homogeneity, high-resolution
3-D MP-RAGE sequences (TR/TE/flip angle = 2.53 sec/
3.39 msec/7%) with an in-plane resolution of 1.0 X 1.0 mm,
and 1.0 mm slice thickness were collected for spatial nor-
malization and for positioning the slice prescription of the
subsequent sequences. fMRI images with blood oxvgena-
tion level dependent (BOLD; Ogawa, Lee, Kay, & Tank,
1990; Ogawa, Lee, Nayak, & Glynn, 1990) were acquired
using a gradient-echo T2*-weighted sequence (TR/TE/flip
angle = 2.0 sec/30 msec/90%). Prior to each scan, four scans

were acquired and discarded to allow longitudinal magneti-
zation to reach equilibrium. The gradient-echo functional
images were collected in the same plane (33 coronal slices
angled perpendicular to the AC/PC line) with the same slice
thickness (5 mm; voxel size 3.12 X 3.12 X 5 mm), excitation
order (interleaved), and phase encoding (foot-to-head). We
used these parameters based on earlier work that suggested
that the parameters helped minimize susceptibility in me-
dial temporal lobe regions (Wright et al., 2001).

Magnitude of Amygdala Response:
Anatomical ROI Analyses

Based on our a priori hypothesis that the amygdala plays
a central role in the brain’s affective workspace, we first
conducted analyses focusing the magnitude of amygdala
activation along the time course for each stimuius cate-
gory. We used an anatomically based approach to con-
duct ROI analyses of functional data from the amygdala,
using FSFAST (http://surfer.nmr.mgh.harvard.edu). We
applied automated subcortical segmentation methods to
the native 3-D MP-RAGE structural images for each sub-
ject to create anatomically defined amygdala ROIs (Fischl
et al., 2002), and individual amygdala volumes were also
calculated. We manually verified these amygdala ROIs
according to our previously published protocols (Wright,
Dickerson, Feczko, Negeira, & Williams, 2007; Wedig
et al., 2005). The anatomically defined amygdala ROIs
were registered to fMRI data, and BOLD signal was ex-
tracted for each participant. To explore the details of the
time course at the amygdala in both groups, functional
data for each condition were modeled using a finite im-
pulse response (FIR) model beginning at 4 sec before
stimulus onset, and utilizing 2-sec bins. We estimated
the duration of the hemodynamic response to be 16 sec.
Percent signal change for combinations of valence, arousal,
and novelty versus baseline (fixation) was calculated. Be-
cause individuals of the older group have smaller amygdala
volumes [right: young, M = 1798.1 (mm?®), SD = 197.1;
older, M = 1568.2, SD = 282.4; ¢t = 2.98, p = .005; left:
voung, M = 1670.6, SD = 282.4; older, M = 1406,
SD = 244.4;¢ = 3.69, p = .001], and this directly influences
amygdala signal, we adjusted the functional data using in-
dividual amygdala volume as a covariate in all analyses.
To examine age-related differences in the magnitude of
the BOLD response within the amygdala at different points
along the time course, we analyzed our repeated measures
design using a multivariate analysis of variance (MANOVA)
with multivariate effect estimation (Wilk’s, Pillai’s, etc.).
We chose this multivariate approach (where responses
were modeled as individual dependent measures) be-
cause the sphericity varied enough in at least three time
points within the amygdala time course that the statistical
assumption of sphericity was violated (making a standard
repeated measures ANOVA not advisable; Misangyi,
LePine, Algina, & Goeddeke, 2006; Tabachnick & Fidell,
2006, for examples of using this method, see Nitschke
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et al., 20006; Tilman, Hill, & Lehman, 2006; Tilman, Reich, &
Knops, 2006; Koekkoek et al., 2003). We conducted four
different repeated measures MANOVAs each for the left
and right amygdala to investigate all important effects of
interest given that we could not fully cross (balance) va-
lence and arousal due to stimulus limitations.

Curve Fitting Analysis

We conducted additional curve fitting analyses on the
amygdala time course data to determine group differences
in time course shape. This curve fitting analysis provided
additional information about “how” the hemodynamic
curve differed for younger and older participants by esti-
mating and comparing parameters obtained by fitting a he-
modynamic function to actual time course data. The time
course data were fitted with the simplified gamma prob-
ability density function that is commonly used as canonical
hemodynamic function in neuroimaging studies, given by

y = ¢ x gampdf((x — d),a,b) = (cx“~ ') /[p*T(a)]

where I' is the gamma function, ¢ is the magnitude param-
eter (i.e., equivalent to beta coefficient in GLM analysis),
d is delay from the onset of the event, a is the “shape” param-
eter (similar to kurtosis; the larger the  is the broader dis-
tribution the function has), 4 is another scale parameter
that affects the magnitude. In our analyses, b was fixed at
1.25 (the value used in FSFAST as a default setting), and a
best-fit gamma probability density function was fit to the
actual FIR time course data. Parameters 4, ¢, and d were
estimated with 95% confidence intervals. In this anal-
ysis, we used Curve Fitting Toolbox in Matlab (MathWorks,
Natick, MA).

Functional Connectivity Analyses

We conducted functional connectivity analyses to explore
how the group difference of time course activation in the
amygdala was correlated with activation in other brain
areas that belong to the neural reference space for affect
[e.g., both sides of the amygdala (AMG), anterior insula
(Al), medial posterior OFC at Brodmann's area 11 to 13
(OFC), thalamus (Thal), hippocampus (Hc), fusiform
gyrus (FG), inferior frontal gyr; Brodmann’s area 45 1o pars
triangularis (IFGtri), and Brodmann's area 47 to pars orbita-
lis (IFGorb), ventromedial prefrontal cortex (vmPFC), and
ventral ACC (vVACC) (Kober et al., 2008; Barretr, Mesquita,
Ochsner, & Gross, 2007)]. First, for the purpose of merely
extracting the affect-related ROIs, all events versus fixation
contrast were estimated by GLM with a canonical hemody-
namic response using SPM5, in each group, independently
across whole brain (available from the first author on re-
quest). Then, using a conjunction analysis, we localized
commonly activated areas of two event-related activation
maps (all vs. fixation, p < .05 with correction of false discov-

ery rate) of both young and older groups. These common
activation areas were further restricted by the structure data
of the amygdala and other emotion-related regions adopted
from the Automated Anatomical Labeling (AAL) dataset
(Tzourio-Mazoyer et al., 2002) using PickAtlas software
(Maldjian, Laurienti, Kraft, & Burdette, 2003). The regional
mean % signal changes across all voxels in an ROI were cal-
culated. Using FIR estimation, all the time course data in
each ROI were extracted for each stimulus type separately.
Correlation analyses of stimulus-specific time course data
were conducted between the right or left amygdala and
other ipsilateral ROIs if there was activation or deactivation
in these areas, and correlation coefficients were compared
between two groups. Using this method, correlation coeffi-
cients reflect the similarity of both the magnitude of the
peak response as well as the overall pattern of event-related
hemodynamic response in two regions.

RESULTS
Behavioral Measures
Memory and Personality Data

Older individuals had decreased CVLT scores compared to
younger participants, indicating decreased memory func-
tion (see Table 1). The scores in older participants were
very close to those in other normative aged samples, how-
ever, indicating that they were experiencing normal decre-
ments in memory with age (e.g., Delis et al., 2000; Hu et al.,
1999). Young and elderly participants did not differ on
the affectively relevant personality dimensions of emo-
tional stability (neuroticism) and extraversion, although
younger individuals scored significantly higher on intellect/
imagination (openness to experience). ’

Arousal Ratings of IAPS Pictures

We conducted Novelty (novel, familiar) X Valence (nega-
tive, positive, neutral) X Age (voung, older) repeated mea-
sures ANOVA on subjective arousal rating of IAPS pictures.
All participants rated negative pictures as significantly
more arousing than positive images, which in turn were
more arousing than neutral images (see Figure 1) [F(1.71,
68.28) = 124.77, p < .0001, Greenhouse-Geisser correction].
Older individuals found negative pictures significantly less
arousing than did young individuals (see¢ Figure 1) [re-
peated ANOVA, Valence X Age, F(2,80) = 3.18, p = .047].

Despite being equated for arousal at the outset, all par-
ticipants rated novel pictures as more arousing than famil-
iar [novelty effect: F(1, 40) = 31.27, p < .0001]. Older
individuals found novel pictures significantly less arous-
ing than did young individuals, however (see Figure 1)
[Novelty X Age: F(1,40) = 5.99, p = .019]. This was partic-
ularly true for valenced images as old and young par-
ticipants found novel, neutral pictures equally arousing
[F(1, 40y = 2,133, p = .152}.
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Table 1. Comparison of Prescanning Tests between the Young and the Older Group

YNG OLD

Mean SD Mean SD t Significance (two-tailed)
California Verbal Learning Test
List A Total Recall 62.8 115 49.6 10.1 3.67 001*
List A Total Recall Intrusion 03 0.6 0.7 13 -1.32 196
List B Total Recall 8.8 2.7 5.8 1.9 4.03 <.001*
List B Recall Intrusion 0.1 0.3 03 0.6 -1.26 216
Short Delay Free Recall 139 28 9.8 39 3.54 001*
Short Delay Free Recall intrusion 0.0 0.0 03 0.4 —-2.24 031*
Short Delay Cued Recall 14.0 2.4 10.7 33 3.37 002*
Short Delay Cued Recall intrusion 03 0.5 0.9 1.1 -1.83 076
Long Delay Free Recall 13.9 2.4 9.6 37 391 <.001*
Long Delay Free Recall intrusion 0.0 0.0 0.6 08 -2.82 008*
Long Delay Cued Recall 139 2.6 10.2 3.4 3.55 001*
Long Delay Cued Recall intrusion 0.1 0.4 1.0 1.2 -2.67 012*
Recognition Performance 22.7 12.6 31.4 149 -1.83 077
International Personality Item Pool
Surgency or Extraversion 63.4 39 61.8 5.5 1.04 304
Agreeableness 67.3 8.6 61.4 13.4 1.67 103
Conscientiousness 60.3 4.5 59.9 6.8 0.24 814
Emotional Stability 49.8 7.1 50.6 6.4 -0.37 712
Intellect or Imagination 04.2 5.2 60.6 6.1 2.07 044*

YNG = younger group; OLD = older group.

Subjective arousal ratings also showed a significant
three-way Novelty (novel, familiar) X Valence (negative,
positive, neutral) X Age (voung, older) interaction [F(2,
40) = 5.71, p = .005]. To clarify the three-way interac-
tion, we used a Novelty X Age stratified ANOVA for positive,
negative, and neutral pictures separately. We found that
there was a significant Novelty X Age interaction for posi-
tive picture condition [F = 17.73, p < .001], but this effect
did not hold for negative and neutral picture conditions
[F = .507, p = 481 for negative, F = 2.133, p = .152 for
neutral|. The analyses suggested that, taken together with
Figure 1, younger individuals found novel images more
arousing than did older individuals, and older individuals
found positive familiar images more arousing than did
voung individuals.

To confirm the effect of stimulus arousal level on subjec-
tive arousal ratings, we performed Age X Arousal ANOVA
for subjective arousal ratings. There was a main effect of
image arousal on subjective arousal ratings, such that all
participants experienced high arousal pictures as signifi-
cantly more arousing than mid, which were more arousing
than low [F(1, 40) = 86.65, p < 001 for valenced images;

F(1, 40) = 69.20, p < 001 for neutral images). There were
marginally significant age-related difference in the stimu-
lus arousal effects for valenced images (Table 2) [Age X
Arousal interaction: F(1, 40) = 3.51, p = .0068], suggesting
that older individuals found high arousal valenced images
less arousing than did young individuals. There was no sig-
nificant age-related difference of stimulus arousal effect for
neutral images, however [F(1, 40) = 0.459, p = .502].

Magnitude of Amygdala Response

Because of stimulus constraines (it was not possible to fully
cross-valence and arousal), two different repeated mea-
sures MANOVAs were necessary to examine age-related
differences in amygdala’s response to novelty and valence.
First, we conducted Novelty (novel, familiar) X Valence (pos-
itive, negative, neutral) X Time point (1-8) X Age (young,
older) repeated measures MANOVA to examine age-related
novelty and valence effects on the amygdala activation. A
second analysis was Novelty (familiar, novel) X Time point
(1-8) X Age (young, elderly) repeated measures MANOVA
for neutral pictures to clarify age-related differences in
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