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BAEFBNENERMNE (EEEARREMIEEE)
IR RS &

RSB REER QM ER F - BER T - EHEEREO L - R AR 2 A L,
BHIFR - T - IRRDF—7 v bERET D2 DI

Moo EE  FiwHEE

FLRY  IMREERERT
ERMEENS  REWRZES

MREE

RAARREL T, FRIC, FACHTT OIRFR TIXERHE & BRI K> TERREE L
2 lee BEMOESES L IRFETH Ax DAEFITELFIO L 5 2ELEX Y R
LoDdHD, £DO—H T, IR DOEFITHT HRLE, LOANEE RN, iR L
DLHIEREFF A D NIEKD bR FFREAFE Lo S b 2R BIFET 2,

Fox ORFFEETIX, BEATER OREIFZEIC X 5 BRBEER O/ E 5 RN T
[EEEE O LR - REROMIAOMIZ, BRERZRNLHEHKF T 2 HRANA
LDHENZT & LTREREEZRWZA VXAV TICET AMEICERY HA TV D,
TR 25 FFEE TIL, BHRREREFE CRAAREROHEE L Z I ilgEzR, 4
BN R L O St iost LT, BN AL LTEREEESFER L, /AR
# D PTSD EJEE., DEREE, HER A b L A~ —h—OELIT OV TEHMl ATV, 8
FE PTSD SEMRIC 1T 2 EZEIEDNRRIEE 1T > 72,

FRNZMED LR T — & & it LT fE S, SOANBEIL PTSD HIEENHEICERE L, 5
HREIMERREOR ELHER I, MAMEL Y bLERENYE L, £,
ARNVAS—H—THIERF a/LF V) — VELNABICBWCERICSKE LT,
DL T — Z 2o LTCFER. MBI PTSD BAEE., 5 OWREE, EEEN
BEICEB L, EEOECHMERREDOH ELFEO LN, BRFT2LVF Y —LED
NABCBWTHERIZKE LT,

INHORERNL, RAARAREREZRBR LI LIZL > THALNTWEE TSD
FERCA b U RER e ELBERREDEIE DS AL b v, B E PTSD SEIR Z R o lo x4
HEZEFEODREIRBD b, ZhiE, REAKREBRO L > 2 REABEBRKES
R L e A& o3 5 PR 2 OB O FEO—D>DRREME & L TORZEE
EOBMEEZRBTELHDEE X b,
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A. HFFEEBY

WHAREBKTIZ, BRERNOTERIC
2 REH CHELY =z, TR THEF
(2, FALH T DR R TR ECR IR & B
Ko TERRHEELST, < OWHE
DNEEERT S CORMIC O HREEEATE 2 &R
#\ Ehic, BEADPLE I EO L, HE
DK E hro T IR T H P O EIECRER
FEE~DABR EEFRENENIGD,
A% DEFEITIESRIMOL ) REDLE S 2R
WRELDDhD, TO—FT, Zhhrbd
AIFICKTT DAL, LHRINEE 72\,
RIR7Z2 EDLEIERZFFZ D NTEKL DS
RAyWERINEEE L= 4 b e BFEET D,

A DNVARMICEREE 525 LSRR
INTWD, MZREROE(LIZIER L7 &IT
WHECIE, BB CRIE, IR RIEARTET .
AR E O EFERAD 72 EBRE SN TV D
(Nakano et al., 2002; Matsuoka et al., 2003;
Yamasue et al., 2003), F 7=, #E5E I T,
ERDOEE ETRLT L, HERKEIC
& D ETGBRE DAL D% DATERKZE,
ANHBEROEREIZEDA ML A%
TV NI 22T, RS DRFHE O
Rl & & bIis, MAAREBROEED X b
VAIZT T £ IhbIRELZ TR
BIRBERICE DA P LAIZLE>ThH, D08
T R e EMORSICRE
BHTHWDIREIZDH D,

PLED X D Bk ESZ T, #EE T3t
T 5RO T OB DR

W HATWD (Furukawa, 2011),

Fhox ORFZEE I, BSEITE O HENTRT

9% (Sekiguchi et al., 2013a; 2013b; 2014a;
2014b) 12 & % FE SR FEAEIR O HEss e/
EERET. EEBREOLE - RARO
FRBA DA, BKEE D DR IEE I
LR ERMLRLEN ST & L TEZRE
ERWEZ A EZ N7 TIZET A H9EIZE
DA TS,

=L & TEFERSCBuEOHEE T,
XBREVELTONCLOERETEEY
BLTXETOEE] LERSNTWVD
(RZ=FEFES, 2008), EEEEIT, F
TR REZ IR TY N Y T
gr7us5 A0 1 oL LTEBEZZRT
T& T, BARTE, BRHREREKDORE
VA S D ARTE BN TR D XET i
T Z EDEHE 20 BRALEFLIZHE
FeemimE s ic X LT\ 5,
INFETOMRICE T, HiEmE (K
7 - A D B DEHEEE DR ) |
LDEmE (BIE. EAUK. mEEK, A ML
AFREE) ~OMRET TR R
m (WhaRtE, ST ABfROSE) | 385m (A8
BB IOR ) ~DRENHDHE
BEE TS (Relf & Dorn, 1995; Ulrich,
1981; Ulrich & Simons, 1986) ,

ZIETOMRTIX, mEECRME
RFEMHERE R EOBEZHRITLERE
RBEEZAVTERSNLTND HONR
BLZATORTETND, MHREHEER
RFEEEBRYD ANTHRITED 2
(Mizuno-Matsumoto et al., 2008; 2-H &,

2008), &V EEHMLMTEENCRMIZ R DAL,
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B B2 TR WIREEThH - 7=,

ABFED B I, 1R R HTEED
B PTSD ERZA T HERIC L THE
EREE AW EEN AT ER L, BE
PTSD fERIZE T DEZEEDONRE L E
ETHZETHD,

AHFSEEHETIL, 3 ORI
EWRINFEEE CTHRAARKELOWHE
PRI LT, EEMAL
L CHR=EEZFEMm L, I AR ORXE
% (IZ8E) . PTSD EEREE. LHEIREE,
R A b LA~ — I —DEALIZHOWTEE
iz TV, BE PTSD JERICEKIT 2 EE
BIEOWREFELET HZ L2 BET,

ARFFEIL, TR TH B IAEH OWER
FiZxt T 2 BMEEORIER - THIC
&4 DD IS AFIEDONMESITITH D,
BRD 3 EMRE, wkHcRBI R
ERERNRRDLNATREY, T L FH
RRIZ, #REF TR DR R.LD 7
T OEEENBEREMBIATWS, BIE.
rEes B, HEEOF R LD
T EEDE THEE] L L ToRSE
BIEOFMMEICER LTRY, EMER
O S HIRIC BT, BERE &
BIZLTEEBNMAZERL TR, 5%
LA T D EmEBESCEMBES
WCEAF ko 2 =7  FARS
FHaAIa=T A EEOY =L ELTO
B = DA SN DRBEEIZE Y FA TV
bo AMFFEEZBL T, WHRE~DEEE
EOMRNETES L, #Hik=T I 2=F ¢
XBEE L TORZEEOEROMENL X F
%2 &T, I IEREE A D RER LTS
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TR IFRANICIE, BRI HE L
TIEENCER Y MTe 2 & T, RS Hh o s
O 2= A BEESMELLEIEE VAT
LERRGET D 7p M - BRI B
DERNEREEL 725 LHIFFL TV 5,

B. #FIETTiE

(BFEW 1% A ZiE]

ATEN ANIZ L DI RE DB & 31l 5
OIS, BT — 2 2B/ 5 7201
ODEFRE 2 FE L7,

F9. EHWRGEWERE (EICEEE
EHURICIEE)T, 2011 43 A 11 BiZHE
HAKRES 2B L7 20 LU EDREA &
PEEFRAEIC LD —REE LTz, AT
ZETIE, KAWETT, FE=REAT, £)IET,
FET., HEm, EEm, 2B,
o EHT, AUETEE X, Il&mE sk
X, 4EH, 2@, BT, (LchT %
KRR & L, 2D HUIRIZERE L CH
MRS X2 HAEFEEL N T2,

et 7 LE 106 &2 PTSD A7 U
—=r 7L LT, BHERESEEE
#{%E (MIND  (Otsubo et al., 2005) B XL
PTSD FRR 2 Wrik#: RE (CAPS) (Blake et
al., 1995; Asukai et al., 2003) Z ZEHi L, #
FE PTSD A (CAPS #E 15 725 20~39 &)
DIERZFFD 54 L E2WFEHHE & L,
72%. MINI @ PTSD #2MHrE€ Y = — Uiz
WT R RS 3 Tl 72 LT 3e i )
FILRD R0 o T2, 54 & O S1E 1L,
EREIZL o THARE 27 4) LxiEt
(27 &) \CEERIZHT - Eif S, B



ERIEDEENT NS LT,

KA AWML, T & MBI
(RCT) TZE L 7= (The University
Hospital Medical Network
Clinical Trials Registry (UMIN000006170)).

ICABEIZEID H T HOI=M2E & X,
AR (8GR (X, 1M 1 E, 1k
., AFFERTICHE > Th bV, EERE (E=
BiEt o) OREDOT CREREDC T 7S
T ATHR SN ERECSM L, 1 BB
DIABICESNDHEYE BEIZFE LR .
HECTOREEEZ 1 B 15 SpitkfE 1T
o, Flo, MABEGERNEI 7 40 —7
v THIRITH D,

—J7. RERERIZEID B CToO NI
F xR (8 ) 1L 18RI 1 E,
1 BffE), AFZERTICE> TH b, A RL A
BE NN LTz, A% )T 1
BRI 1EL 1R B ASILI
F7z. 1 BEOHNARICESNDESZ B
FILFLIRY ., BETCOREEEZ 1 H 15

N

SRIBE RIT- 7,

Information

ITANOFHI & LT, SrABRRRRT, BIO
AT (It A S HEE) ., 72—
T v FHATAND 16 BREE)D 3 [E, LE
7 (WHO-QOL26, CES-D, GHQ, PANAS,
PTGI) \MEE A h LA~ —h —HE & LT,
MR P VT — R & S LT

GO A7 VAL Y
PR LY b RERDORLRED &<

REREESC PTSD JEIRIZ 72 0 03 W AT REME
23 1 (Galea et al, 2005), 7D, EEE 1T
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R L Lils LT PTSD SEMRIC 72 1) R0\ VAl
BEMEDR S B LD T ENITHFSEIC L - T
FRIE X TV B (Okamoto et al, 1998; Jia et al,
2010), & 2T, WEHHEEHICEET D&
ez LT, Rl T o el A &
[RIER DAETE AWFFE %2 Fhi LT,

ITADFE & LT, o ABIERT, BEO
AT H (AL S A%, 7412 —
Ty TR ANS 16 BE%)D 3 E, PR
fRA (WHO-QOL26, WHO-SUBI, CES-D,
GDS. GHQ, PTGI) . HEA F L A<—H
—REL LT, Ry 2LTF Y —ILIRES
EhE L7,

PLEG, BEZ=MARIE TOLE DR
{LOREL, 72 b NI ABEIZEB T DA
DENROFEELBY - RETTHZL10k-
T. B PTSD fEIRIT®T 2 EERIEDOL)
AT L7,

(PR~ DHELE)

ARHFZEIE, BILKRFERFERLE R
BHEEZEBROEARBEHETEML TN D,
¥/, B bEXMERE LEBERWETHD
e, ~LYUFESICAIY, OB X
OFEIC LY EROLENE - Z2MICo
WTORMADZEERNIRIT, ZMTE
ThDHETOMEHBNE»LERIED
BEZE+H, BABRICOWTCL, HE
NIEROREICEAT DIE/RE] I2ESWT
BHERIEE L, NAU—FEHEL Lz PC
BLUEO LD DEHBOED D1 DI
HEL TV,
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(Rl N2t ]

Ir ANBERS LU BRBE O AETE I AR O
DET — % OfERERT,

STRREE & Ho P ABEII N A% D CAPS
BERVBEEIZET L (p<0.001, One-way
analyses of covariance with pre—post
differences in psychological measures as
dependent variables and pre-intervention
scores as covariates) , PANAS FEMERERE .
PTGl & RUFHEITHEM L (p<0.05) ., L3
WEEAHELZ &1,

Flo, MABFOEERT 2 /LFY — L
FEMERS AT : 83164125 L, MA%
3.0149 EAEICHE Lz (p<0.05) (F 1),

[ &2 ]

R & F S I AR AR D CAPS
&R, CES-D % xi. GDS 4. GHQ 35
DAEEIZET L (p<0.05, One-way analyses
of covariance with pre—post differences in
psychological ~measures as dependent
variables and pre-intervention scores as
covariates) . QOL &5, PTGl BAITEE
HEML, LEREENSE L. (PTG :
p<0.01, QOL : p<0.05)

(% 2).

72, MABEOEERT /LT Y — L
FEMEA I AR : 8364 1ZxF L, MAF% -
3.024.9 EAEICHE LT (p<0.05) (& 2).
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#1: RALMERRONAFIEOLET — X R
T AEE (n=27) xTHREE (n=27)

T AR T AR I AR AR

F# | s | Pty | sD | FHy | D | Tty | sp | pe
31.5| 6.5y 10.0y 7.1, 313 6.5| 16.1| 9.3/<0.001

CAPS

WHO-QOL26 52.5| 5.8 53.9| 6.5| 52.3| 6.3 51.0| 59| 0.297
CES-D 13.4) 7.1} 118 7.4 14.6| 6.9| 125| 52| 0.934
GHQ 7.1 51 4.4 4.2 6.8| 5.7 5.0 4.7 0.248

PANAS [EfERLE | 20.5| 6.4| 233| 7.4| 23.6| 7.8/ 21.0{ 7.2| 0011

PANASEE RS | 189 7.7) 151) 6.0} 21.8) 7.1} 185, 6.4 0.071

66.6| 18.1) 72.3|15.7| 68.4|18.3| 66.5|17.9| 0.022

PTGI

INBE L SHRBEON ARIR OLET — ¥ OfER %777, PTSD HEE 2T 5
CAPS MG R DM ANEOFRIT, IR, ARELLITETLTWD2, B=ETA
AT AREDF B LD FAREIZIET L, 8 PTSD JER A UEE L T e (p<0.001,
One-way analyses of covariance with pre—post differences in psychological measures as
dependent variables and pre-intervention scores as covariates (one-tailed)) . F7=. I A#E
VL B PERAE ORREE 2RI 9 5 PANAS OSMERIER R IMER AR 2 5§ 5 PTGI
BEELEEICHEL TV (p<0.05),
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1: AR OERF 2 LT —LVEBEORKER (pmol/ml)

25
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- JT AEF
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** 5 <.01

-5

MAREIZRWT, MABOERT LT — VEBERNEBEIE T Lz, —5., XTREIIN
ABTE Y BN ABOERF 2 LVF Y — VBER EFE L T\,
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K2 mEEMERSRON ARTEOLET — Z R

7+ A$% (n=20)

xf 8RB (n=19)

7T A TAR Tt B T AR

F5) so | FH | so | FH | SD | FH| SD | p?
CAPS 23.50| 6.03] 6.60]5.25/21.84| 4.83]10.63|8.90| 0.05
QOL 3.19| 0.24| 3.430.30| 3.07| 0.39| 2.98| 0.36/0.001
GDS 3.25| 3.37| 1.85(2.06| 3.11| 2.64| 3.42|2.67|0.016
CES-D 5.00| 3.26/ 3.20|3.59| 4.63| 2.59| 5.05| 3.50/0.031
GHQ 3.65| 3.75| 1.85]2.94| 3.32| 2.91| 4.16| 3.11{0.047
PTG 66.35/16.17| 75.95| 8.06|66.37|14.86|64.26| 6.38|0.008
o LF Y —)L | 2.29] 245 1.53| 1.63| 2.49| 1.94| 3.49| 2.28 0.025

CAPS BRI NABOEFR IV AEIZET L, 8E PTSD ERII®HEFEL T

(p<0.05, One-way analyses of covariance with pre—post differences in psychological

measures as dependent variables and pre-intervention scores as covariates (one-tailed)) .
o, EFEOEEFHMET 2 QOL BA, EAM D SDEFHET 5 GDS 54, O DiER
ZFHii9 % CES-D 15/, HERIREZIHEST 5 GHQ BA. SMERARE ZFHET 2
PTGI 155, MEE = v F > — )L b BB E LT (PTGI: p<0.01, QOL, GDS,
CES-D, GHQ : p<0.05),
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B

BXFE PTSD JEMRICRT 3 2 EHEERIE DR
IZOWTEFENAIL L VRS LR,
AFEIZBVN TR, AL - @it tid
T PTSD EHIEE Z#/RY CAPS HRDE T,
NMEB R EZTRT PTGI A0 LR X b L
A2 —N—THHERF A NT ) — VIRE
DIRTRFRD HILT,

T, BRALHETIR, EFERE &M
9% PANAS BEMERAER S B L Sl
#ZMETIE, QOL FRD EF. GDS &,
CES-D 5 /.. GHQ FRDET AR D b
77

B Z=HEEIC L - T PTSD fERD K ES
A eEWS AL, EED PTSD k%
BT DIEEENDOBEEEZ SR & L5
R ETHREINTWAED (Vaccaro et al.,
1995; Clatworthy et al., 2013) , AR#FFEIZ L
b, BRIZX2EE PTSD #8354t
W L TCHEEREOHERD DL L)
T BRI NI,

AERMEITERALBRREZ LT,
LNZEDRIHB LI ESDNWTEH, 20
%, LLAREL LI AME LTHRET
B Z & Tdh D (Tedeschi et al., 2004; Taku et
al., 2009a) , ZALE TOFFRETIL, FiZn
WBEEXG E LT H DX (Cordova et al.,
2001; Sears et al., 2003; Stanton et al., 2006;
Bellizzi et al., 2006) . H&E &5 & Lizb
D2 H>o 7= (Taku et al., 2006; Taku et al.,
2007; Taku et al., 2008; Taku et al., 2009b;
Clay et al., 2009; Taku et al., 2013; Taku et
al., 2014), WHAREIK LWV ZNET

26

IZREBRE L2 2 OV BB EER A L
DY F Dk OBEEERT T O ATE A
BRERBR LI-F TWANAR D L2k
BLEE LI EFAFC, B2 OAEFEOH
THEMOREZ DD Z ERNESDR
RLERY ., TOHMRVENT-DO TR
W ERIR X3 CW 5 (Kotozaki, 2013a;
Kotozaki, 2013b), F7-. EEEHZ DL
DPARREH) TEIER 2ITEN Z 0, N &
LTOREIZDBRBD VI HEEH D
Z &b (Matsuo, 2008) . FMEHRE &
E=EEx BT 288EHF LTS L
FRIR X3 T 5 (Kotozaki, 2013a; Kotozaki,
2013b),

WEE R o LT — U EE, BEEEE

CHEPEEICIKRT L, bebé, =
T bk DEENR X OVERESER
AN ADIEEL LTEL OFETH
WHILTEY  PTSD JER A FHET 2 FIC
HLHAWHN TV (Yehuda et al., 1991),
TAVE CTOMFFE TS, B R RERIZ
LR 51EL) 72 PTSD fEIRZ o AT E
BEZITTCWRWALY BEEICE N2
JVF = L L B TV 2 8RR
HENTEY (Fukuda et al., 2000) , HERK
LTy — VR B A ARRE SRR T
E LR L BRI LT — L
ERNTEmhoTmZ R HREINTWND
(Kotozaki & Kawashima, 2012) , A5 D
FERIT, EEBEERICERT LT —
IVOENMET T2 &0 5 AT & R
DFERDFBD HALTFEFY (Van Den Berg &
Custers, 2011), BE=EEICLIH2HEDO -
NETORREXFTLHLOEEZLN
el



AT bR iEE R
PANAS A 217 DUEEIZOWTIL, 9D
BE O D OREZFEIEIN AL PANAS 15
ERE, AUANNLVADIEE R RES
5 ERBEZIINL TS (Gonzalez et al.,
2011; Van Den Berg & Custers, 2011), [F3=
BIEOE v 3 L DY E ofnd
WDIE, BETHHENEERETCDHT
Erb, BEDELARLE CHR LA
ERLTEBENEZ LIk T, EHk
RERSESNIZO TR SR T
W5 (Kotozaki, 2013),

i TR B AL7z QOL < 9 ENR
DYEIZONTIE, BEFIETINDA
WELZEWVHIMENDHY (Matsuo, 2008;
Barnicle et al., 2003; Waliczek et al., 1996) .
BLEE PTSD JERZH T 2 @l Eic b 1A
FROIRDE LN, ERPHELIZDOT
(72 EfERR LT B (Kotozaki, 2013)

b 2 0DFFERERI D, HRAARKE
KRB LI LIZLoTHLILTUVE
BERE TSD IERSCA b L ASEMR 72 &L ERR
REROEIENR 51, BE PTSD fER A
DT D FEEEIEOZDRBRD S
Nz, 2, BARKELDOL I 2K
HEBARKELRBR LI AL 3355
B 72 DB SR O FIE D — 2 O FlRE
e L TOREZEIEOENEEL R TE
HHDEEZBILD,

LUz 6, Rk 25 FEER R TIL,
MM LD LHERE, BEOX ML
A —=H—DEDFERTHLZ LN,
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DR, LEREOHRL A P L A< —
A — DR, BIO, BERISEDT
Azl D2TETH D,

SEFE LI DERAFSEIE, HAAKRE
KICE o THRICER R ELZ T 2T v
FITIEET AP RE KT 2 LEEED
EIENTANDFEREZHRE LT R THIH T
DFETH D, KEADNLRIZLDLE
E~DOFE, BILO, #EEICHT B2
YENGT T ~OEMBEED, KEROR
FRAERIC KT 2 PRI A Z N T
OB 5 M s L TEER
MESITIZHD LEZD,

LUl s, FEmaLER TV
WEIEEEIC L DMEREOELSCLET
— & AR LRw—H—L OHE DG
PEIZOWVW T, BRICHREZEDD & 2
AT D,

FoEz@ LT, WEAE~DOREZRIED
PHERMNEFEI I, Hka I 2 =7 ¢ 8
L TOREREOERROEL I TS Z
& T, FTA RS~ O & R T
72K RERBVICIE, BYRIRE BB L TE
BCE VT = & T, g Mok = <
2=T A BEEZMEIELVAT A%
HET D0 RS - IKEEEA~DF
BRNFIRE L 725 LHIF LTV 5B,
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Resilience after 3/11: structural brain changes 1 year after the

Japanese earthquake

Molecular Psychiatry advance online publication, 29 April 2014;
doi:10.1038/mp.2014.28

Stressful events can have both short- and long-term effects on the
brain."? A recent investigation by our lab identified regional grey
matter volume (rGMV) changes in people in the months following
the Japanese earthquake? These findings indicated that smaller
anterior cingulate cortex volume was a preexisting vulnerability
factor for posttraumatic stress disorder (PTSD) symptoms and that
decreased volume of the orbitofrontal cortex (OFC) was a result of
these acquired symptoms? These types of symptoms were
regarded as manifestations of the short-term effects of post-
earthquake stress. However, the long-lasting effects of stressful
events on brain structures remain unclear. Thus, this study
examined the 1-year prognoses of subjects after a stressful event
to clarify the long-term effects of stress on structural brain changes.

Of the 42 subjects included in our previous study,® 37 subjects
(male/female (M/F)=28/9, age =21.0+ 1.6 years) were recruited for
a third time, and their structural magnetic resonance imaging (MRI)
scans were evaluated 1 year after the earthquake. The optimized
voxel-based morphometry (VBM) method for a brain structural data
set (for greater detail, see Sekiguchi et al.*) was applied, and rGMVs
from before (Pre), soon after (Post) and at the 1-year follow-up
(Follow-up) of the earthquake were compared using conjunction
analyses. In addition, we also assessed the subjects’ psychological
characteristics, including anxiety, depression, posttraumatic growth
and self-esteem. Furthermore, we collected longitudinal brain
structural MRI data from 11 normal controls (M/F=7/4, age=20.2
+1.0 years) obtained on at least two occasions before the
earthquake (see Supplementary Methods for additional details).

At 1 year after the earthquake, none of the subjects in this study
had developed clinical PTSD, whereas other psychological
measures did not significantly change from Post to Follow-up
(see Supplementary Table S1). In terms of rGMV, bilateral and
medial OFC volumes significantly increased (P < 0.05; small-
volume correction, SVC), and right hippocampal volumes
significantly decreased (P < 0.05, SVC) from Pre and Post to
Follow-up (Figure 1; Supplementary Table S2), whereas the control
subjects did not show above-mentioned rGMV changes between
two time points. Post hoc correlation analyses revealed that the
increase in the volume of the left OFC from Post to Follow-up was
significantly correlated with self-esteem scores at Post (r=043,
P=0.007; Supplementary Table S3).

The increase in OFC volume identified in some subjects who
reported stress indicates that recovery from emotional distress is
possible following a stressful event. Previous neuroimaging
findings have shown that a reduction in OFC volume is a sign of
emotional distress following stressor,® but stress-induced struc-
tural and functional alterations in the OFC are reversible*
Although the left OFC volume in our subjects experiencing PTSD
symptoms soon after the earthquake decreased in the short term,’
the mean OFC volumes increased during this period (Figure 1b),
which is consistent with previous findings soon after a disaster.”
Moreover, the results provide an initial indication that the
increased left OFC volume was caused by higher self-esteem.
Given that higher self-esteem is one of the most important traits
of resilience in the context of stressful life events,® it is possible
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that self-esteem is a predictor of increased OFC volume,
representing the successful regulation of emotional distress after
the earthquake by healthy survivors.

In contrast, stress related to the earthquake may persist even
after 1 year. Psychological evaluations at 1 year revealed that even
subclinical levels of depression and anxiety levels had not
improved from soon after the earthquake. Hippocampal volume
reduction is a robust finding in traumatized subjects,” and is
observed even in subjects with subclinical depression after a
disaster.® Even if the hippocampal volume of young healthy adults
were not significantly but slightly reduced as a function of aging
(see Supplementary Discussion), post-earthquake stress would
accelerate the hippocampal volume reduction because age-
related reduction is modified by PTSD and depression.® Together,
these findings led us to hypothesize that both prolonged stress
and aging affect a reduction in hippocampal volume over time,
whereas short-term stress does not reduce hippocampal volume
in the period immediately following stressful events such as
earthquakes® (see Supplementary Discussion).

The limitations of this study included the absence of
psychological assessments and incomplete profiles for the control
subjects (see Supplementary Discussion).

Despite these limitations, the present follow-up VBM study
found that stressful events had long-lasting effects on various
brain structures, suggesting that such changes are influenced by
prolonged stress and self-esteem characteristics. Here, it was
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Figure 1. (&) Right hippocampal volumes significantly decreased
from Pre to Post and from Post to Follow-up and (b) bilateral and
medial orbitofrontal cortex (OFC) volumes significantly increased
from Pre to Post and from Post to Follow-up. These regional grey
matter volume (rGMV) changes are illustrated by the plots on the
right side, where vertical axes represent rGMV at peak voxels in each
cluster, and horizontal axes indicate time periods. Error bars
represent s.d. values. Blt, biltateral; Lt, left; Rt, right.
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assumed that structural changes in the brain following stressful
life events are not static, but dynamic, throughout one’s lifetime.
Recently, altered functional and structural connectivity, including
in regions adjacent to the OFC and hippocampus as well as in the
insula, basal ganglia and parietal lobe®'® have been repoited
soon after a disaster. Therefore, further longitudinal investigations
using multimodal approaches are necessary to examine whether
the stress-induced alterations in brain structure are reversible (see
Supplementary Discussion).
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Stressful events can have both short- and long-term effects on the brain. Our recent investigation identified short-term white
matter integrity (WMI) changes in 30 subjects soon after the Japanese earthquake. Our findings suggested that lower WMI in
the right anterior cingulum (Cg) was a pre-existing vulnerability factor and increased WMI in the left anterior Cg and uncinate
fasciculus (Uf) after the earthquake was an acquired sign of postearthquake distress. However, the long-term effects on WMI
remained unclear. Here, we examined the I-year WMI changes in 25 subjects to clarify long-term effects on the WMI. We found
differential FAs in the right anterior Cg, bilateral Uf, left superior longitudinal fasciculus (SLF), and left thalamus, suggesting that
synaptic enhancement and shrinkage were long-term effects. Additionally, the correlation between psychological measures related
to postearthquake distress and the degree of WMI alternation in the right anterior Cg and the left Ufled us to speculate that temporal
WMI changes in some subjects with emotional distress occurred soon after the disaster. We hypothesized that dynamic WMI
changes predict a better prognosis, whereas persistently lower WMI is a marker of cognitive dysfunction, implying the development
of anxiety disorders.

1. Introduction tensor imaging (DTI) methods [4] in subjects with post-

traumatic stress disorder (PTSD) [5-8] as well as healthy
Stressful events have both short- and long-term effects on survivors of a disaster [9]. These studies revealed lower white
the brain [1, 2]. Acute and chronic stress-induced brain ~ matter integrity (WMI) in several brain regions, including
microstructural changes have been observed in prefrontal the cingulum (Cg) and uncinate fasciculus (Uf), in subjects
areas in rodents [3]. Recent human studies identified white who developed PTSD [5-8] (i.e., long-term effect) and in
matter microstructural changes due to stress using diffusion individuals soon after a disaster [9] (i.e., short term effect).
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