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LRSS (psychogenic fever) 1Z/NBIZL S ABNBLHEETH S, LEESWA ML AL -T
BEREELLEFVNHFETAI LR, LHLEDI0ERDDIIFMONTEY, 0%, Z0L)
EEERIZERRROM TLRMEREHD L ITHEEES (neurogenic fever) &IHENTEZ. LA L%
BOHLEMA PLVAFED L)L THIEEL LR SE20%, LHEMA MR L 5 EER S RYEC
LBREBEIE, LIVERLIOPHREDREIIONT, BLAFIRENE LI Lo DZTLEENE
EThHHY. FITHABTE, TTEEECRBELALXORBREOA I =X 2OV THHL, K
WOEMA N L APERICRIZTREICHE T AR EBNT S, FLTENRTEL, NEOLEE

BED AN ZALIONWTEEL -\,

F—TU—R DRAEHEH ANLRAESEE TEH

I BERICH ) RO & 3

D FEOXH =X L
bbPRFET WL & ORBEIS % FICHET
5 (”1). HECHMERC 74 VAPBATEE, <2
a7y —IVROMBEALSA V& —14F (interleukin ;
IL)-1RIL-6% EORKBEEYF A P4 U ARHEENS.
RIEWETFA P4V EFRCER T4 L CRIBEEA
(C-reactive protein ; CRP) % EOBBMHEROEAZ R
T. FOER KEO—H—L LTHLNSIMA CRP
VARVHEERT D, BEGICEHL LERES RIS %H]
ERIT72D, HRBEIEELLZYHRANPETL S, £
FERFICIER) E—FVERRLTEEIET, HEARKR
ZHIERIT. SOICKEEY A ML ViERIcbES
D, BE, REERERETE, EEEH, 1785
BRIRTH-TEAR-BIBFRE#MOTEREZ 0T,
KIEHEBCEESNIZZEETA PO A4 idfn
ENERBOF A YA A Y SHEEIERTALE, %
BOAF 4L —THDLTOAFT TSV 4 VE,
(prostaglandin E, ; PGE,) DEA % £3. PGE, 2MKiRA
HOHIKTH 2 IR T HHAKREE (preoptic area ; POA)
DEPIZEME PGEZEMED12) KIERT AL, BE
RIS (BRI TOLD ZEGES, BBk coE

5B ZBEALZE) HITEL, REASISAHIG (R
HEIGE) b, SHICEERZT 5% EOITEIE KRR
RS (72720, ATE)MEARME UG O FRIZOWTIE
HLPTIERY) b D, RESEAT S PR
BTHLH, BMENEHEIINCD, RiviFEo~ 20
77—V TEEINSPGE, REMERBEBREME
POORGERFT, SHIKHOREICLoTELS
raryzy7R7A oY A FOEELD, EBRoEFEE
ML THRBICESTT 5.

RHEGICKRE 2 REZE L 2 BEEHHEETOHE
5B ZEBEALFEMEIRL XBRHMEESOLE
WX o THEL S, BBICHES T 2 ZZEMEIL, WL
O EMERMLANVOBERPHE/EZ (intermediolateral
nucleus ; IML) 2588 % A8l = 2 — 1 ¥ SR EME
MTYF T RAREo 7k, #Hith=a—a B EEEN
BB ME 2 EOMRBEITET L. TR
fioa—orZ UL oHllElT 2XEMETLVE—
¥ —Za—0 VIZERYRENREICEET 5/ atk
7V F 3 B % RS (vesicular glutamate transporter
3;VGLUT3) 2 %HT A7 V5 I VEBIEEIHE= 2 —
TUYTHAH EREVAIRE PIENES &Yk E R
(rostral raphe pallidus nucleus ; tRPa) < KH#E#H (raphe
magnus ; RMg) ZH /L& T AEBEET. COEHY

®
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1 RBEEC & o THREPEL 2HF

CRP, C-reactive protein; DMH, dorsomedial hypothalamic nucleus; EP3R, E type prostaglandin 3 receptor;
HPA, hypothalamic-pituitary-adrenocortical; PG, prostaglandin; IL, interleukin; IL-1R, IL-1 receptor; IML,
intermediolateral cell column; M¢, macrophage; TLR, toll-like receptr; POA, preoptic area; VGLUTS3,

vesicular glutamate transporter 3.

B GABAEBI MR RIME = 2 — o . REBERERS (DMH — AW RIS AR — B R R
SHEEE (ML) ~ REEAER) 38#, SIHICEETARETHS. LD =—H%EL TIH)

BREANRIER = 2 — 0 Y IFBIR TEHETPEE (dorsomedial
hypothalamus ; DMH) X ) BEEDO AN 2 Z1FTED,
DMHB L YN = o —a ySEE T 5 &
RS EHT 5.

ZO—J TPOAIZIE, DMH & FE A7) 5 P9 I8 o
BEBOH LT h—y 2 ICHRIEMEZ T 52—
VHFAET S (B OBRES). PGE, A POA D EP3 %
BEWICEHT AL, POAZ2—0 Y OFEBIXET 3 5.
D F 1) B3 DMH- ZE BV BE A B8 - SRR (IR
Mz B &9 &3 2K (0T 2P0ARH DO
FIEHE DS, PGEIC L o THIIHIEN A Z LI1CL 5T
EUAKRERE VLAY, BPIEIC X ARBIZT TR
{, BHO®RERE, BEWEE HHEESCYA bV
BRI L D RBDAMEBFICL > TAEL S, BkIC X
BB, WMHNTEEINDLITA M I A VB, BEOR
MR 2RI 2 L TEL 5.

EERICIEERY ERSEABELST TR, BTE
FHNERERED AT A, BRI, BRE2EL
BRIEMEY A A4 VRPGE, 7213 Th{, BHIIHL
THHIEAZ DL 1ZBRT v ¥ T=X b, IL-10,

a-A5 = VHIBRIE A VE Y (a-melanocyte stimulating
hormone ; a-MSH), 7TVF =XV T Ly, 7
TJaANFaL FRESEML, BEHLTH—EULOK
WICHEDRVE), FLRHASUSHIRETHH, MAEL
TWwh,
2) BEOER LM
FEEL, EARPBRIHEICRE LA L &, RofRicdo
THI SR SNIBEWEE LA TH L. KEIFEL R
BT Lo TRERDIIHERL, BEOEFEIEE
5. ZOLOIEEKR, ZLOTANVF-2oT, b
EhEERE LFE)ETA0THE. BTk TE
UBRASICITRD &5 2 Esd 0, LERBEFHEHE
DEVEEZ DL LTHEETHA.
(1) R#hF2MMBERE (acute phase response) %5
ZEERCIE, M H koM, CrRp, ME7ITA
FABH, 7470/ =7 v atEaon,
PGP HEHBEVETIEL L. T b IZBGgHIC
HoNd, EEOFFEHPBHHEIISTH 5.
(2) IR TITE (sickness behavior) ##>
ERPBRYEREERBICBR LA L 21, RE
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WOBBICL SF, THINH (HEm5122d0, &
RITHRLUATEOKT), EFRRE (EBEFTE, HoKk1T
o), BRA, TYANF= T EO%EL217E)
ERTEICRD. 20, HROBICEELTALR
LATENIREATE D L WA IS (sickness associated
response) & AEFRE NS, sickness behavior X FFEME Y A
FAAVIZE - TEIERI END. AEOEZN [Z0F
WHRZ] TCOTIREEREE D D, BrETh
TFawnbkwiitwn] EWI)HZRZH O, REERS
WCRA L TEER%E R 3 B H b¥sickness behavior & & 5
PHThb.

HEBRICBWTEREEL, BEOFRILARE (sickness
behavior # & tr), MEMETOEUMEREIS, BEOD
EHRRAARETH L0 L) PHBTL T 5.

(3) BREBEBHENIEYTHD

G RFEI T o THE U D REBITKH L TlE, Fh i I
THE (BRI PRI WS, BEERZ L OHE
WIXERE, 7TEFVHYFVELZEDERAT UL R
KIEFE (non-steroidal anti-inflammatory drugs ; NSAIDs),
BIBREATOAL R ERH LN, TNETNELLBF
WX o THEMERZRT. BRBEIA Y7V o4
VA DYEFEZ IS % & MRS, IL-1EAEZ IS5 2
& T, NSAIDsIIPGE, BEAED - DERBETH LT 7
UF T rF-EEREEET AL T, AEREAT
T4 FERESETA v A4 VY EREIHT s &L
T, RAFYR—EAOEAEZHEET S L THELE
HeRiETs (R2).
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M2 MEBEORMEFT (KXZH)

O OHEPA N ZAIMERBICRIZTE

EREY T, BIEZ T TR OEMA ML ADH
R (BEROFLRORE) (CEEE525. LiLe
B, FOEBOHTIZ, AN AOEE BRI
B, EERICE>TOEKRREICE>TRER> TV A,
1) &2 b AEEFER

FFHMLA ML AEFLVREAWCHET S, S v b
RIYAA— LT - VERTRT L, HELEEICEL
BREDLEBA NV AR, NV RY VRN
THELREDHBEHA LA RMA S E, BOEIE305
P15 ~2CEAL, 208, BALCR—ZA54 ¥
DEIZE->TYWL., TOLIBRAMNLVABIKELSE
%, —BEOKELEAREZ, EEEZEEA M AREHE
ImJE (stress-induced hyperthermia ; SIH) &IE&R. RIFT
i, BICEEA NV AORIZTHEEBILOWTERT A
W, BUSIHERRZE LTS,

(1) &M SIHOEGE

R3iL, 1 BEUEICDI o TSRO T AR 1 DD —
Vo TRE, EBRYH, 42 1450 ECBYBLE
LR, BRBEITr—VORMIBENITT ADBEE
BOZERLIZDDOTHAS. TOXAPVAEFIVIE MU
DRI ADFIANAR B >72DF5H, RIZBFOEHD
LAz ] EWIARRIZE o TAHELBEMSIHEFT MV E
ENTVE, EFENRIDODANVAEFTVEHoTERL
TWhbE FLALEDORTAIITAADISIZ, 1
BPRA LT —YOMCBYHERTOLE, r—Y 0
HErebzbeHEEY, BEERI LR 2L, 1
E72, AL r—Yohz28EE) %2553, 4
BPRAIICET LAY AW (YT AB). MEDE
WA THA ) D FEECBETHLEIIABOEH
BB ZENH o7 BIMBOAERSWED S
NTWD, AMMDOI I AR —TOFIPbniRR5b
EVWIBREOENL (AFLR) 1 £LDIIRIZE S

Time after buddy removal stress (min)

M3 r—VMEzMcETEVSLEMZ ML IEMR
T2l &0 ZAORKOE (Te) O
BRT0 (1 OBM) Tr—YMHE4ILE 1S TS -V D
TH L7,
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TEMEPICRL BB E VI REEERETLDDOTHo
7278, Bl oTlE, TRTWLEDLHRELTTHEWVD
T, FBETHo L MRENDHS. TOLHITHL
BEOEL (ANVA) THoTdh, fAffICLoTED
) BEREDONICL o T, KRICRIZTEEIEL -
TL A, UKE, vT9RAADLHI, £ DYTATE
LAHED AN Z X NIDONTIRBT 5.

(2) BMSIHEREDEL

SMESIHIZ L R LY, JHEEY A P A A 2LPGE,
WAERTFEL 2 WEBFIC L > THRIRA LA T 5. RI41CIEPGE,
ZHEED1IDOTHHEPIZHME/ v 7 77+ (knockout ;
KO) YW AL TJANESY AT (wild type s WT) 77 RIZ
MIENBEZTHLURRYF v 4 K (lipopolysaccheride ;
LPS) ZIEERNIREG Lz &8, LDEMA ML AL LT —

(a) LPS ip/WT

20

=
=3
3

—O— sgaline (7) 36.30:0.17

Changes in Core Temperature (degC)

—@— LPS (7)36.180.13

2.0 g
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(c) Cage EX/WT

n
1

¥ %k

-
Il

& exchange (8) 36.2:0.2

Changes in Core Temperature (degC)

~—— control  (8) 36.120.2

Time after Exchange (min)

VRWERT R0/ L EOBOROENERTY. WI<Y
ATILPST 51 ~ 4R % OB RIZ A B AR KRS
BELOEVA, EP3ZARKOY Y AT, LPSHES5%#4%
B LTHREFIELT, LLALPSHS 1 ~ 2B O
ORI AEFE R AE SR L VRELR L. Z20—FT
EP3ZBMRKOYT T ADr — VA ML A2 L BHLER
FROBEIWIRVALFABETH-72. ZOIENH
LPSIZ & 5 HEUIPCGE,EP3 Z A% L CTHE L 5 D%t
LT, 7r—YRHFA AL S EMSIHIZIEPGE,-EP3
ZEEIBEE LW L3505,

®5i2iE, 7y MCHESHBIEA LR (BH LYK
ELHBOREBWOF—Lr—IOFICAN, KEEZ
7RI THEZEWETHYS) 2 1RMMA/ZLEED
SWSIHICNTEAL Y FAF Y Usmghkg (Y7 0F *

(b) LPS ip/EP3KO
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O~ saline {7) 36.13:2.22
L, —® LPS (736162026

Changes In Core Temperalure {dagC)

-2.0 e a a o s e P
-80 0 60 120 180 240 300 350 420 480 540 600 660
Time after i.p. Injection (min)

(d) Cage EXEP3KO

T

1 —@— exchange (8) 36.3:0.2
—O— control {8) 36.2:0.2

e e e e e e e R R T

-30 [ 30 60 90 120 150
Time after Exchange (min)

Changes in Core Temperature (degC)

X4 LPS#%MEEEN (p) #H#E5LLE, BIUTr—IVTBBOBLNE (To) 0L
(ab) ODMEETLPS b L IFAEMAEKERS L7z, WIX YA (3, LPS ip/WT) TR LPS#HS512 X Y B L
7275, EP3ZEMAKO <Y A (b, LPS ip/EP3KO) TIELPSIZ L AREBIEIALIT, LA TIXMET L. (cd)
ODMFE T — V%K (Cage Ex), dLKBBESDr —JVIZEL:. F—VKMA MV AIZE B Tc LR ORE
WEWT <X (c, Cage EXYWT), EP3ZAIRKO~ 7 A (d, Cage EWEP3KO) FIRETH o7z,
*p<0.05 p<0.01. (LEK3) %—#HELTHH)
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-4 WehicleiContral < Indometacin/Cantrol (a )
O Vehicle/Stress 8- IndomethaciniStress

39F

Indomethacin

-80 -850 -30 0 30 60 93 120

Time {min)
20 £ o vVehiclsiContral -4 Diazepam/Corirol
- Vehicle/Stress @ Diazepam/Stress (b)
39k PS5
=" i
— Diazepam B
o of :
~38F  vehick ;
S 70 P
¥ T
iy v T ANDA L >
37 Adch
B
36 i 2 i " 1 1L 2
-90  -80 -30 0 a0 60 a0 120
Time (min}
40 P 4 Vohicle/Contiol A SR39230A/Central (c)
O Vehicle(Stress @ SR392304/Stress C
39 F
- SRE9230A

g.) or
~38F Wehicle
P

37¥
o
36 '] i L 13 L ']
~G0 -30 ] 30 60 g0 120
Tirme (min)

5 #HEAMKIEA LA BEO0R (To) LAt
T2 (@) AVRA%YY (SrutdiyrF—FHE
), (b) VT7TENL RVVVTEY VRIARE),
(c) SR59230A (B3ZH/KRT v ¥ IT=X ) OBHE

Ty M TEMNZBEEARSLLODL, —H0605
M, HRBBIEA L REMAL (U4 & —EBEL
T5I1H)

VA F—VHERE), V7Y b4mgkg RVVITE
Y U RPIARE), B X UTSR59230A Smekg (37 KL
F U REGERE) oMEERTY. AN b
VAL BSIHIEA ¥ FAZ Yy RIS, V7
L% A & SR59230AC & o THIHI &7z LPS 10 ug/ke
DRBFZOBEDL VA YV THELED, YTE
NATERIHSh ol O ers, SMSIHIZ
R BARE - B3 %A E A LB RIREHERC X 295
HRBEENPBEELRREEEL TV LRGN,
(3) BMSIHHERHICHEBT 3205
WITLHEA VA, FERELERE EREYNE
WEEOZEMFE T LVE—F — 2 — 0 V2 iERLE

(b) Rostral veotromedial medulla

OVELUTS

® Fos

& VGLUT3
&Fos

o

30um

X6 LHEA LA L ZIEFEYREANNEO VGLUT3
BREMRETSVE—F — =2 — 0 OiEHL.
(@) LCEMA ML ARZITZT Y FTIE, VGLUT3 B
M (&) WCFosBRBEL TS (—).
(b) HEBEWIRIE P BIERIC BV CTiEMEAL L 72 VGLUTS R4
iRyl
OVGLUT3 B4, @FoslH ML, @ VGLUT3 14T
B TFos# R L TV AMM. RMg AR, rRPayflik
BRes. CCik4) 2 —HWELTHIE)

FEPEIDPERE LY. HEAWBIER LA ZER
L7y bORERYBL, BARICHEHS TS 7LV E—
Yy —Za—uvOv—%—"TdH5AVGLUTI BHEMIEIZ,
WRIBE DO — 71 —THDLFosBRBTH0E) »paE
BLAEZA AFLRIZESTEL (50~70%) @
VGLUT3 Ml 2 b 32 & L 03545 72 (R16).
FVUTENRLZLY, VGLUT3 B MMM Fos FHEE
0%l sn OF ) REREELEBR LR
TliE, i &b EREYRIEARIE - REME T L E—
Za—n Y -FHIML - ZEME - BalEEEgkTco
FESEDZBEEL V) BFIIIBT L EARB SN
(1, IREERTD). & 5IZDMH b AMESH, EBHO
WMHICESTAHZERENTVSE RER). LirL
BRSLHEA MV A, BHOLIICPOA=2—UT
VEBEEIT 20O E VD BIZOWTIEAHTH 5.
2) LYEL/BEA LV AORKE

(1) mRICRIFTHE

SHESIHE, A MLy ¥ —2W) ELIUE, B
THETASTHY, LHEBPA ML ABZFOHEOEKR
BBz L. L2LERYS, 2%SHEZE
ERTALIZAM Ly =R ELRBESNEY
TiE, KDL I BRBELAFELL I EFMONTWS

(@ AMPLYyF—2FNbDOTH LGS, SMESHOE
BRGNS 2D (BhoHS).

b) AL yH—=8ED5Ry, 3t —LTERW
DOTH LA, BNOBRLIFIAELT, HITERICIE
APVAPEFMENZLTH, APVAERZIF TNV
B, FORRICBINDE LAERPERET S (%
B X N7 ERIR anticipatory hyperthermia, conditioned
hyperthermia). BI7 IZIZFAT10 ~ 120/, 1M
AWK NV ABKLER, 200FFL BT v
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38.5
g 38 -®-Social defeat stress (n=6)
ﬁ -O-Control (n=6)
L
37.5
37 A
36.5 +—rp— T T T T
0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00
Time of day (hour)
7 <YELAMLAOBGER (To) CRITTRE (1)
Fy MCTHIBHOMESHEILA P VA2 EMAHO, XA MVAZE
WLRVHDOTeDEL. A PLVARMBES v P T, X PLAPERESH
TOZREFE (0~ RO T2y P a—VTy P EDECZ L3505,
B2 LA, Oy bo— VB "p<0.05. (ZHkS) #—@seZEL
<HIH)
38.5
. 381 -#-Social defeat stress (n=6)
%)
g =O-Control (n=6)
r
37.5 4
37 A
36.5

9:00

12:00 15:00 18:00 21:00

Time of day (hour)

H8 < WELANLVAOBALNR (Te) CRIZTHE (2)

Sy MZIAIBMOMAMBILA P L AZ228EMEZ, A MLABRRTS
HBEOTcOZE L. AMLVAREWHET Y FTI, 2y ha—VJ v MIERT
A, WL BITHh TR TABI L3505,

BALUAEWNE Oarbu—nBE *p<00s. (CCHS) #—E%ZL

THIA)

POKEERT. A VARATSLZVIZE Phb ST,
AMVAEZIITERZT v POFEI10~ 12BOFRIE,
IR =NTY PENENZERSD Y.

(© EHICAMLVAAMNEZ L DET L, RO HNES)
DEINEL 2 (FCHBOKES EA TSI LIC&
%), bLLREREDI, FEAILABOKRLY D
FTHh (02~05C) CHEVWREINFRT L LIRS
(8) Y.

(d) BHA ML AZZTEBIFTHERA MLy H—IC
BBEINDE, APLVAZZITTWRVEN L D EER
ABSIHRIGEAEL 57,

(e) (c)-(d) THRULZBHIZ, APy —050@RE
NTHLIES {HRT 5.

(2 KWMELR M REZ-EMHPEZELEMSIHEEL S

AH=X L
4ERBIC o THHRA ML AEZT RSy Feay
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Pa—Sy M VT FLFY Vi ERAKRS TS
L, MELDICBRBHFEBRORENSLAET LY, £0
BEZBUEAINLAT Y POHPEETHS?. SIHIC
BB L 2L A BEAPEELEEHEE
723 L ERETR L2, BRI TOMESAR, K
AR OMBIC L o TI by FY 7RICHEET BBt
%% 7322 (uncoupling protein 1 ; UCP1) 2N&EMALY
5L THELSL. 22 THBEOBBIEIHEEE LEL 7
LZA, BEANVASY POFA, T PO—VT Y
b X BERHEGY, B X OCBaRDEEGY o UucP
BHE <, EHICUCPIOBRMTTELTWEY. oF
DEBHZ PV AEZITZS Y ML, L HVBEEEALPTV
X9 B RICEl BEACLEREBREEHROEM
AT, BEREESTLE) T2 0005 Z0k

() A FO—JILSYRTOSIH ) EHEAN-RSYRTD
FEEASH
| rsnzrLvy— | [ mznarLos— |
¥
| mmmEgee | l ﬁ%#%ﬁ%Tl
\ 4 : . e
= BEEHESBTRR
i UcPi R,
 UCP1#RETLE
\ 4 +
T | EEEEEE
v v

[ ®bE? I [ #mbmr1 |

O HHFLZAMLyF—-KRBESRIEE, BEAILA
Sy MParte—LSy I DEEERZ ML ARE
R % & L 5B
(Bide1% 7 > 2327 81 UCPD)

) EALDS, BURA ML ARZT5y FAEEREN
SH24EULA2—HEEZOLND (H9).

(3) BMHLVIBESIHERT 2EWOMBDR b LIRS
BB L72&91C, BBAPLAELDEL B b
VA ETREBICRIZTHENPERLY, SHLIZAMY
A& IEPOBHIREBRLITHICIESALRS, &
HESIHIE, FEEERLIZDEELAVE LR SEDL 2
FLARZE > THELE D, BHREZEL TV AEIYIE
BOWRETEHZRT. ZO—FTLYVELA MLy ¥—
CRESHh, BEERELETL28WIIH) T8 2R
‘?‘5).

PRI X AR, AMA ML ARESKE BHX T
VARBHREDENZ I LD ERTIDLICR S,
3) SIHITH§ % ERik
ANVAIZLBEERE ED XD REFET L H
IZoWwTl, EICAMSIH & BMHEMEOTIZ L 5B
FISIZOWTHR SN T WAL, BESIHIZOWTO#H
Bixv, BESHIZMA b U AERRPRARER £ 3
O, REMRBESINRTIRICL s TR SRS,
BlZE, avFabuo A IVE Y (corticotropin-
releasing hormone ; CRH) FEHIEE, o ¥V, [l
EORMENESISIHEZIH TS, 20 L3 SIHICHH
WCRH, u-+ ¥+ A4 F%R, V7 FLF U VHRRMN
BE5ETAZELEEZRLTWS., TRV YITEY VRN
AEE, U P VIAZEERTIZAN, ¥
o ERARERE b OEHR, [IZEBRERE, %
BREREORMKZE L SIHEZNH TS, FO—HT,
ZRAMO O, BRMLO P VERY AAEEER
(selective serotonin reuptake inhibitor ; SSRI), PUFEHIHEE
(D2EHE) OBEHFSIESIHICT L THEMEL D 7
B\, 72720, SSRIDEMGH S SIHZ M5, &4

R LPSHEZ, BHEA MUANBME 2R b L AREREORE

LPSFEE: SMRLAEERE BENLANEFHER

ALyt —
RERTHR

HHFE ARITE

HERUAICET

BHEINRRIE
TR (HEEDM

LIEE(EB-58) Hit

BN RS
5>

301



(a) $TER (b) BEA

B10 v b+ ToBalRlhiiko st
(CRk 1) 2 —RE L CFIH)

DFICLEBHRBLRY VT EE VR RER [
B Lo TSN 5.

M b bho2MSH

EBREWMTAHAON L EMSIH E ABOBESEIE, BEA
IZBWTbAOLNE, FIZEAR=Y VTR FRHR
B oOZLRIE, FRS02WEOR U OBGE
OB 0L RBEATALONSLSIHIZ, KEL
AOREEDTHT, FHROLBE SNLMHE (370~
377C) #B2 A EIRIFEAERL, RESLERLT
DIERTH B7-0, BREBEICESZ &k

Ty bR Y A TIEAN SIHOSBIB @
BEGBEZEL LA, HEEAT e MOSIHIZE
EHREARS ENIZ LS T 5 0% 2RI R v,
L2L%a25, b MIOBBEEHAEIFEL, 2%l
L EGRBFOBBELE, FEMERFICHE TSI LMW
bRTWw3 ", BaRHEEkE, FERTEY Y Mo
v ALK, EICEFERIBIC, RATIEEEL Lo
FROWM, $#E L8 BLOEREHZSICHHALT
w3 ("10).

NV & OO REMEFER

DHEPA N LR & o TRARATFE O AIRE DL Rz
BB ANDPVD, BHEBbEIHEAROTE Y —F
MPAED  DIET, dLIEBELT S, BB
DEFEFRRFEMEI 2L, HEABICKEIELS
kB E, b MNIBORBELEELRD TERMR
2ZPL, CEURHBEBHENG. SOX)ITEEA
IZHHiA SIH &GRS E T, BERE W) ER
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ABSTRACT

Mechanisms of psychogenic fever

Takakazu Oka

Department of Psychosomatic Medicine, Graduate School of Medical Sciences, Kyushu University

Psychogenic fever is a psychosomatic disease especially seen in young adults. Patients with psychogenic fever
exhibit high body temperature above the normal range in psychologically stressful situations. Some patients develop
extremely high fever (up to 40°C) when they are exposed to emotional events, whereas others show persistent low-grade
fever (37°C-38°C) during situations of chronic stress. However, the mechanisms underlying how psychological stress
causes acute or persistent increases in core body temperature (Tc) in these patients are still poorly understood. Therefore,
this article reviews the current understanding of the mechanisms of stress-induced hyperthermia and the distinctive effects
of acute, repeated, or chronic stress on Tc in laboratory animals.Animal studies show that psychological stress increases
Tc via mechanisms distinct from infectious fever, which requires proinflammatory mediators such as interleukin-1
and prostaglandin E2, and that he sympathetic nervous system, particularly f3-adrenoceptor-mediated nonshivering
thermogenesis, plays an important role in the development of stress-induced hyperthermia. Acute exposure to anxiety-
provoking stress induces a transient, monophasic increase in Tc. In contrast, repeated stress induces anticipatory
hyperthermia, reduces diurnal changes in Tc, or slightly increases Tc throughout the day. Chronically stressed animals
also display an enhanced hyperthermic response to a novel stress. A fearful experience in the past induces conditioned
hyperthermia to the fear context. The high Tc that psychogenic fever patients develop may be a complex of these many

kinds of hyperthermic responses.

Key Words: psychogenic fever, stress-induced nyperthermia, fever of unknown origin
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Interoceptive sensitivity predicts sensitivity to the
emotions of others

Yuri Terasawa’*?, Yoshiya Moﬂguchi2’4, Saiko Tochizawa®, and
Satoshi Umeda’
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3Global Centre for Advanced Research on Logic and Sensibility, Keio University, Tokyo, Japan
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Some theories of emotion emphasise a close relationship between interoception and subjective
experiences of emotion. In this study, we used facial expressions to examine whether interoceptive
sensibility modulated emotional experience in a social context. Interoceptive sensibility was
measured using the heartbeat detection task. To estimate individual emotional sensitivity, we
made morphed photos that ranged between a neutral and an emotional facial expression (i.e.,
anger, sadness, disgust and happy). Recognition rates of particular emotions from these photos
were calculated and considered as emotional sensitivity thresholds. Our results indicate that
participants with accurate interoceptive awareness are sensitive to the emotions of others,
especially for expressions of sadness and happy. We also found that false responses to sad faces
were closely related with an individual’s degree of social anxiety. These results suggest that
interoceptive awareness modulates the intensity of the subjective experience of emotion and affects
individual traits related to emotion processing.

Keywords: Interoception; Emotion; Facial expression; Anxiety.

Taylor & Francis Group

The relationship between subjective emotion and
the associated somatic responses has long been a
subject of interest for psychologists. William James
(1884) claimed that our feeling of bodily changes
as they occur is the emotion and emphasised the

importance of actually feeling bodily changes for
the fulfilment of emotional experience. The theory
of emotion proposed by James (1884) and Lange
(1885/1992) is commonly known as the peripheral
theory of emotion. Numerous studies have used it
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as a basis to examine the mechanisms of emotional
experience, and the validity of its hypothesis has
been tested often over the past several decades
(Critchley, Wiens, Rotshtein, Ohman, & Dolan,
2004; Damasio, 1994; Ekman, Levenson, & Frie-
sen, 1983; Levenson, Ekman, & Friesen, 1990;
Plutchik & Ax, 1967; Rainville, Bechara, Naqgvi, &
Darmnasio, 2006; Schachter & Singer, 1962).

Researchers have identified both psychological
and neural correlates of the subjective experience
of emotion, leading to influential models such as
the somatic marker hypothesis (Damasio, 1994).
The findings of psychological and brain-imaging
studies have indicated that we refer to our internal
bodily state when we are aware of our emotional
state, and that our internal state modulates our
emotional experience (Bechara, Tranel, Damasio,
& Damasio, 1996; Dunn et al., 2010; Lane, 2008;
Pollatos, Kirsch, & Schandry, 2005; Terasawa,
Fukushima, & Umeda, 2013; Terasawa, Shibata,
Moriguchi, & Umeda, 2013).

The perception of afferent information arising
from within the body has been termed “interocep-
tion” (Cameron, 2001; Sherrington, 1906). Several
methods have been established to measure the
interoceptive ability of an individual. These include
the heartbeat detection task (HDT) (Schandry,
1981) and the water load test (Herbert, Muth,
Pollatos, & Herbert, 2012). In addition, there are
several questionnaires for evaluating interoceptive
awareness (Mehling et al, 2009) such as the
Autonomic Perception Questionnaire (Mandler,
Mandler, & Uviller, 1958), the Body Perception
Questionnaire (Porges, 1993) and the Modified
Somatic Perceptions Questionnaire (Main, Wood,
Hollis, Spanswick, & Waddell, 1992).

Although we feel our heartbeat and body
temperature increase when engaging in cardio-
vascular exercise, we do not usually have a vivid
awareness of our internal bodily state when at rest.
However, researchers have found that when people
are asked to attend to their internal organs (such as
the heart and stomach) clear individual differences
appear in the perception of internal states, even
when at rest. The effects of interoceptive aware-
ness on regulating negative emotional responses
have been shown in a series of studies using
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methods incorporating mindfulness or meditation
(Farb, Segal, & Anderson, 2013; Kirk, Downar, &
Montague, 2011). Conversely, individuals with
high levels of interoceptive sensitivity have been
shown to feel salient emotions (Wiens, Mezza-
cappa, & Katkin, 2000) and focus on the arousal
aspects of emotional experiences (Barrett, Quigley,
Bliss-Moreau, & Aronson, 2004). Studies in the
fields of psychiatry and cognitive neuroscience
have consistently reported on the coexistence of
high levels of interoceptive sensitivity and high
levels of anxiety (Domschke, Stevens, Pfleiderer,
& Gerlach, 2010). Questionnaires have revealed
that individuals with high levels of Anxety
Sensitivity (AS), panic disorders or other anxiety-
related disorders are hyperaware of their bodily
sensations (Anderson & Hope, 2009; Ludewig
et al., 2005; Olatunji, Cisler, & Tolin, 2007). In
addition, studies using the HDT have reported a
close relationship between high levels of anxiety
and high levels of sensitivity to one’s own heart-
beat (Dunn et al.,, 2010; Pollatos, Traut-Mat-
tausch, Schroeder, & Schandry, 2007; Stevens
et al., 2011). Based on these results, we hypothe-
sise that excessive attention to one’s internal bodily
state and close connections with the emotional
reappraisal process can lead to salient negative
emotions and enhanced anxiety.

Social interaction is a prominent situation
known to produce anxiety. Social interaction is
generally an unavoidable aspect of life. It is for this
reason that this type of interaction can be very
stressful. Social anxiety disorder or social phobia
involves a fear or avoidance of social situations. It
is a well-known problem and is listed as a subtype
of anxiety disorder in the DSM-V. Social anxiety
disorder appears to be related to the biased
processing of emotional information obtained
from others (Joormann & Gotlib, 2006) as well
as heightened self-focused attention in social
situations (Clark & Wells, 1995; Stevens et al.,
2011). Highly accurate interoceptive awareness,
measured by the HDT, can be taken as evidence
of self-focused attention in individuals with high
levels of social anxiety (Domschke et al., 2010;
Stevens et al., 2011). Highlighting this point, a
recent clinical study reported on the effectiveness
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of redirecting attention from internal to external
information, when in social situations for reducing
anxiety in individuals suffering from anxiety dis-
orders (Bogels & Mansell, 2004). Together, these
studies provide substantial support for the essential
connection between sensitivity to interoceptive
information and the interpretation of emotional
information obtained from others.

While several studies have suggested that
increased interoceptive perception can predict
heightened emotional experiences (Dunn et al.,
2010; Pollatos et al., 2005; Wiens et al., 2000),
the number of studies that have examined the
relationship between interoceptive sensitivity and
the sensitivity to the emotions of others is still
rather small. The mirror neuron system has been
implicated in empathy (Carr, lacoboni, Dubeau,
Mazziotta, & Lenzi, 2003), and neural networks
analogous to those activated when experiencing
one’s own emotions appear to underlie the
empathetic process (Jabbi, Swart, & Keysers,
2007; Singer et al., 2004). This similarity between
one’s own emotions and the emotions of others
indicates that interoceptive processing may be
important in processing empathy. This is sup-
ported by findings from neuroimaging studies of
empathy, which have reported enhanced activation
of the anterior cingulate cortex and insular cortex
when participants empathise with the pain of
others (de Vignemont & Singer, 2006; Singer
et al., 2004). These regions are known as essential
areas for interoception, and thus the results of such
studies indicate that interoceptive processing is
involved in feeling the emotions of others. Bird
et al. (2010) and Silani et al. (2008) focused on the
relationship between empathy and interoceptive
processes through the alexithymic trait and the
activation of neural correlates of interoception.
They found a negative correlation between the
alexithymic trait and the activation of anterior
insular cortex, suggesting that interoceptive defi-
cits may lead to difficulties in describing and
experiencing emotions. Fukushima, Terasawa,
and Umeda (2011) revealed that experiencing the
emotions of others enhanced responses on a neural
index of interoceptive processing, which com-
prised a surface electroencephalographic pattern

INTEROCEPTION AND FACIAL EXPRESSIONS

termed a heartbeat-evoked potential (HEP). The
researchers also reported a close association
between HEP amplitude and empathetic traits.
These findings also support the notion that
interoceptive awareness plays an essential role in
processing the emotions of others.

The findings from these previous studies indic-
ate that interoceptive sensitivity predicts sensitivity
to one’s own emotions and to the emotions of
others. Cognitive or perceptual distortions towards
the emotional responses of others, such as excessive
sensitivity to others’ emotions, may be connected
with occurrences of social anxiety or social phobia,
and thus may influence social function (Joormann
& Gotlib, 2006; Sutterby, Bedwell, Passler, Dep-
tula, & Mesa, 2012). Based on these findings, we
hypothesise that interoceptive sensitivity has a large
impact on individual cognitive traits for processing
the emotional responses of others, as well as levels
of social anxiety. In the present study, we examine
this hypothesis and attempt to disentangle the
triadic interaction among interoceptive sensitivity,
individual cognitive traits for processing the emo-
tional responses of others and levels of social
anxiety. A deeper understanding of the relationship
between primary interoceptive awareness and social
cognition would facilitate the treatment and under-
standing of individuals with social anxiety.

METHODS

Participants

Thirty undergraduate and graduate students parti-
cipated in this study [13 male and 17 female;
mean age 21.4 years + 1.80 standard deviations
(8Ds)]. No participants reported currently having
any psychiatric disorders or taking any medication.
All participants were right-handed. The experi-
ment was performed with the approval of the Keio
University Research Ethics Committee (No.
09006). Before participating in the study, all
individuals read and signed a written informed
consent form explaining (1) the purpose and
procedure of the study and (2) that they were
able to cease their participation in the study at any
time. All participants completed the experiment.

COGNITION AND EMOTION, 2014 3
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Procedures

The experimental tasks and questionnaires used in
the current study are as follows: two personality
questionnaires (described below), a measure of
resting heart rate (3 minutes), the HDT (Schan-
dry, 1981) and the emotional sensitivity task.

Questionnaires

The anxiety traits of the participants were assessed
using the following questionnaires: the Social
Anxiety Disorder Scale (SADS) (Kaiya, 2009)
and the Japanese version of the Manifest Anxiety
Scale (MAS; Taylor, Abe, & Takaishi, 1985).
SADS is a Japanese questionnaire that assesses
traits of social anxiety on four subscales: social fear,
avoidance, somatic symptoms and daily life inter-
ference. MAS is based on the Minnesota Multi-
phasic Personality Inventory (MMPI) and is
commonly used as a general indicator of anxiety.
The scale contains lie (L) scale items to improve
validity by eliminating possible influences of social
desirability. Participants completed all question-
naires individually.

The HDT

We used the HDT to examine individual intero-
ceptive sensitivity. The task was based on a task
developed by Schandry (1981) and Ehlers and
Breuer (1992), which has been used in many
studies. Heartbeats were measured using a pulse
oximeter (Polymate AP1542, TEAC, Tokyo)
during specific periods of time (2 x 35s, 2 x 25s
and 2 x 45s). During the HD'T, participants were
asked to count the number of times they felt their
own heartbeat during the measurement period.
They were instructed not to predict their heart
rate. The pulse oximeter probe was gently placed
on their fingertips to prevent participants from
feeling the pressure of their pulse. They were
seated in a comfortable chair and instructed not to
touch any part of their body during the task. Each
trial began 3 s after the experimenter said “ready”.

HDT error rates were calculated based on the
discrepancy between the number of reported and
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actual heartbeats during the measurement period.
The formula used to calculate the HDT was based
on that used by Ehlers and Breuer (1992): (lactual
heartbeats — reported heartbeats|/actual heartbeats)
x 100. Six HDT error rates were obtained for each
participant and averaged to obtain the individual
HDT error rates.

Resting heart rates were recorded for three
minutes. Participants were then asked to report
their usual heart rate in beats per minute (BPM)
in their daily life. If they could not report their
daily BPM, then they were asked to make an
estimate. The error rate of each reported heart rate
was calculated using the above formula.

The time estimation task

While participants were instructed not to predict
their heart rate in the HDT, it is possible that they
estimated the passage of time, thus affecting the
HDT data and contaminating our measure of
interoception. If this were the case, then HDT
error rates should correlate with time estimation
ability. However, Dunn et al. (2010) overcame this
possible contamination issue by demonstrating
that HDT error rates did not correlate with time
estimation accuracy. We addressed this possibility
by having participants complete a time estimation
task. In the task, participants were seated in a
comfortable chair and asked to relax. They were
then asked to count the number of seconds during
a given period, and then the reported length was
compared with the actual duration. We conducted
six trials (2 x 23s, 2 x 40s, 2 x 56s) and time
estimation error rates were calculated in a manner
similar to that of the HDT error rate. Each trial
began 3 s after the experimenter said “ready”, and
participants reported their estimated duration
immediately after each trial.

Emotional sensitivity task

The task stimuli were prepared using photos
selected from the Advanced Telecommunications
Research Institute International (ATR) Facial

Expression Database (DB99). The database
includes several sets of photos of Japanese males
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and females, categorised by facial expression. We
selected five photos each of a male (MO1) and
female (F03), with the following facial expressions:
angry, sad, disgusted, happy and neutral. We also
created morphed photos combining a neutral facial
expression with one of the above-mentioned facial
expressions, such as happy-neutral, sad—neutral,
disgusted-neutral and angry-neutral. These
morphed photos were made in eight variations,
with each variation having different percentages of
the neutral and emotion expressions, ranging from
100% neutral to 100% of each emotion, such as
100-0%, 90-10%, 80-20%, 70-30%, etc. This
was done using the Popims Animator (http://
www.popims.com/popims/licences/popims-animator)
(see Figure 1a). A control computer running
SuperLab version 4.5 generated the stimuli. Half
of the participants were shown the photos of the
male and half were shown the photos of the
female. Combinations of the gender of the parti-
cipants and the gender of the individual shown in
the photos were counterbalanced. (Figure 1)

INTEROCEPTION AND FACIAL EXPRESSIONS

Each trial had the following sequence: (1) a
stimulus was presented for 2s, (2) a screen
appeared with text asking the participant to make
a judgement about whether the stimulus made
them feel an emotion and (3) if participants
responded “Yes” to this question, then four
options were presented on the screen: anger,
sadness, disgust and happy. Participants were
asked to choose the most appropriate option for
the emotion that had been elicited by the stimulus.
If participants selected “No”, i.e., they did not feel
any emotion from the stimulus, then the emotion
options were not presented, and a fixation point
was shown for 5s, after which the next trial began
(Figure 1b). Participants responded using a com-
puter keyboard. Each stimulus was presented five
times in random order, with a total of 200 trials (4
emotion x 10 steps x 5 times). To maintain the
attention of the participants, a short break was
inserted between the former and the latter 100
trials. Stimuli that fully expressed a certain emo-
tion (e.g., 100% anger) were labelled as having an

Did you feel emotion?

Yes No

2 sec,

What emotion?
H'Ye S ”

Anger Sadness Disgust Happy

/=) Move to next trial

NN 0” .

Figure 1. Stimuli used in the task (a) and outline of a trial (b). (@) Morphed photos ranging between neutral (stimulus 1) and 100% of
each facial expression (stimulus 10), i.e., angry. (b) A stimulus was followed by a judgement about whether the stimulus elicited an emotion.
If participants responded “yes”, options were presented and they were asked to choose the most appropriate emotion category. Reproduction of

this figure is probibited.
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“emotion value of 10”, and neutral stimuli (e.g.,
100% neutral) were labelled as having an “emotion
value of 17. Each step between emotion value 10
and 1, that is, from 9 to 2, was labelled depending
on the percentage of the emotional value present
in the photo (see Figure 1b). The emotion value
thus increased according to the intensity of the
facial expression.

To estimate the emotional sensitivity of the
participants, we calculated the number of times
that they reported feeling emotions as a result of
viewing each stimulus. We classified those stimuli
that elicited an emotional response in a participant
at least three times out of five (i.e., at least 60% of
the trials) as having sufficient emotional value to
consistently produce an emotional response. We
posited that the threshold of emotional value was
located near the midpoint between stimuli with
low-emotional values (i.e., stimuli that do not
produce an emotional response) and stimuli with
high-emotional values (i.e., stimuli that do pro-
duce an emotional response). When participants
reported that they felt an emotion three times
when viewing a stimulus with an emotion value of
six and two times when viewing the stimulus with
an emotion value of 5, we considered their
threshold for emotional response to be 5.5. Using
this method, we calculated individual emotional
response thresholds for each of the four emotions
(anger, sadness, disgust and happy) for all partici-
pants. Participants with higher levels of emotional
sensitivity were expected to exhibit lower thresh-
olds for emotional response.

The perceived emotions in the emotion sensit-
ivity task did not always correspond with the target
emotions. For instance, some participants felt
anger when viewing the photos of individuals
with disgusted expressions. There is cleatly a
relationship between individual traits and the
accuracy of emotion detection. Suzuki and
Akiyama (2013) examined emotional sensitivity
and age-related cognitive decline using morphed
emotional expression photos. They computed the
false alarm rate and Cohen’s « for evaluating the
response bias and accuracy of facial expression
recognition, respectively. In the current study, we
computed the false alarm rate and Cohen’s x

6 COGNITION AND EMOTION, 2014

according to the methods used by Suzuki and
Akiyama (2013). False alarm rate was computed
using the following formula: (number of false
alarms for a given emotion)/150, where 150 is
the maximum number of false alarm responses.
Cohen’s « is a correct response rate which
corrected response bias, and thus it was computed
using the number of correct responses and the
number of correct responses expected to occur by
chance.

RESULTS

Interoceptive sensitivity and personality
scores

Table 1 shows the averages and §Ds of the HDT
error rates (%), the time estimation error rates (%),
the personality scores and the emotional sensitivity
scores. Averages of the threshold emotion values
for each category of emotions were employed as
the emotional sensitivity scores. Similar to previ-
ous studies, we found individual differences in the
HDT error rates. Some participants detected their
heartbeats accurately (good perceivers) while some
could hardly detect their heartbeats (poor

Table 1. Averages and SDs for HDT error rates, time
estimation error rates, personality scores, and emotional
Sensitivity scores

Mean SD
The interoception task
HDT error rates 31.18 17.58
Time estimation error rates 19.66 10.92
Personality scores
SADS
Fear 9.40 5.69
Avoidance 7.33 6.96
Somatic symptoms 7.73 5.21
Daily life interference 2.00 4.07
Total 26.47 18.93
MAS
Anxiety 20.59 8.95
Threshold emotion values
Anger 3.00 0.86
Disgust 3.30 1.13
Happy 3.18 1.26
Sadness 3.67 1.76
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Figure 2. HDT and time estimation error rates. There was no significant corvelation between these fwo error rates.

perceivers) (Figure 2). We calculated the correla-
tion between the HDT error rates and the time
estimation error rates to confirm the validity of the
heart detection task as a measurement of intero-
ceptive sensitivity. No significant correlations
between these two tasks were found, 7{28) = .35,
ns, indicating that participants followed the
instructions in the HDT (Table 1 and Figure 2).

We examined the difference in emotional
sensitivity between “good perceivers” and “poor
perceivers”. Based on the HDT error rates, the
highest 10 participants were designated as “poor
perceivers” (HDT error rate mean (£SD) = 51.43 =
6.76%), and the lowest 10 participants were
designated as “good perceivers” (HDT error rate
mean (x8D) = 11.82 + 6.31%). Performance in the
HDT, resting heart rates (BPM) and BPM
estimation error are shown in Table 2. There was
a significant difference between the good percei-
vers and the poor perceivers in terms of HDT
error rate, F(1,18) = 183.62, p < .001 and
estimated BPM error rate, F(1,17) = 4.70, p <
.05. This result indicates that individual differ-
ences influence interoceptive sensitivity. Because
we found no significant difference in measured
BPM between the two groups, £(1,17) = 1.72, ns,
the observed difference in interoceptive sensitivity
does not seem to originate from the difference in
heart rate.

We compared the anxiety levels between good
perceivers and bad perceivers to examine the
association between anxiety and interoceptive

sensitivity. A one-way ANOVA on the total
SADS score showed no significant difference
between the good and bad perceivers, F(1,18) =
0.395, ns. Next we performed a one-way ANOVA
on the MAS scores, but again we found no
significant difference between the good and bad
perceivers, F(1,15) = 1.368, ns.

We conducted an ANOVA with emotional
sensitivity in the HDT (good vs. poor) as a
between-~subjects factor and the emotion category
(anger, disgust, happy and sadness) as a within-
subjects factor. A significant main effect of emo-
tional sensitivity in the HDT was found, /(1,18) =
4.92, p < .05 (Figure 3). However, we found no
main effects of the emotion category, F(3,54) =
2.29, ns, or of the interaction between the two

Table 2. Heart rate and HDT performance

Mean SD
HDT error rate
All participants 31.18 17.58
Good perceiver 11.82 6.31 good < poor™
Poor perceiver 51.43 6.76
BPM
All participants 75.78 8.83
Good perceiver 74.47 6.45 ns
Poor perceiver 81.37 9.56
Reported BPM error
All participants 16.64 12.59
Good perceiver 14,91 17.57 good < poor*
Poor perceiver 18.58 10.28

*p < .05; ™p < .001.
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Figure 3. HDT performance and sensitivity to emotional expressions. Good perceivers were more sensitive to emotional expressions than

poor perceivers.

factors, F(3,54) = 0.40, ns. The ANOVA further
revealed that individuals who are sensitive to their
own bodily sensations exhibit a lower threshold for
emotional response. Based on the findings of
previous studies described previously, these indi-
viduals are likely to be more sensitive to the
emotions of others. (Table 2 and Figure 3).

To examine whether interoceptive sensitivity or
other personality traits affect emotional sensitivity,
we conducted a stepwise multiple regression ana-
lysis using the thresholds for emotional reaction to
each type of facial expression. SADS scores, MAS
scores, resting heart rates and HDT error rates
were entered into the analysis as predictors. If a
variable was significant at p < .05, then it was
retained as a predictor. The analysis revealed that
for the sad expression, the HDT error rates alone
predicted the thresholds for emotional reaction, »
= 41, = 17, F(1,25) = 4.95, p < .05. Similarly,
the HDT error rates were the only predictor of the
thresholds for emotional reaction when viewing
happy faces, r = .47, # = 22, F(1,25) = 7.05,
p < .05.

False alarm rates and Cohen’s k

Table 3 shows the averages and SDs of the false
alarm rates and Cohen’s x. We examined the
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relationship between these data and the anxiety
traits measured by the questionnaires. The cor-
relation analysis revealed that the false alarm rate
and Cohen’s x for the sad expression were
positively correlated, » = .51, p < .01 and negatively
correlated, » = —.38, p < .05, with social anxiety
scores, respectively. We found no correlations
between personal traits and the other emotion
categories (Table 3).

DISCUSSION

In this study, we focused on the relationship
between interoceptive sensitivity and emotional
sensitivity by assessing responses to emotional
facial expressions. Our results indicate that parti-
cipants who had accurate interoceptive awareness
were also more sensitive to the emotions of others

Table 3.  False alarm rates and Cohen's x for each emotion

False alarm rates Coben's

Mean SD Mean SD
Anger 0.03 0.03 0.69 0.14
Disgust 0.06 0.05 0.54 0.22
Happy 0.01 0.02 0.78 0.10
Sadness 0.02 0.02 0.68 0.22
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when viewing photos of individuals with sad and
happy expressions. We also found that false
positive responses to sad faces were closely con-
nected with an individuals level of social anxiety.

A significant relationship between interoceptive
sensitivity and anxiety has been uncovered by
measuring saliency or the arousal level of emo-
tional experiences induced by exposure to emo-
tional stimuli, such as movies (Barrett et al., 2004;
Domschke et al., 2010; Pollatos et al., 2005;
Schandry, 1981; Wiens et al., 2000). While there
is an active body of research centred on the
relationship between the perception of internal
bodily change and subjective emotions, few studies
have focused on the interoceptive mechanisms
involved in interpreting the emotions of others.
Several studies have reported similarities in facial
muscle activation patterns and autonomic response
patterns between the senders and receivers of
emotional signals (Russell, Bachorowski, & Fer-
nandez-Dols, 2003; Weyers, Muhlberger, Hefele,
& Pauli, 2006). Additionally, the extent of syn-
chrony of autonomic patterns between two people
can predict the levels of empathy between them
(Chartrand & Bargh, 1999; Levenson & Ruef,
1992). The relationship between empathy and
interoceptive awareness has not yet been thor-
oughly investigated because it is not clear whether
the observed peripheral responses affect subjective
experiences of emotion. Fukushima et al. (2011)
and Ernst, Northoff, Boker, Seifritz, and Grimm
(2012) attempted to resolve this issue. Both
studies measured central nervous system activity
during the presentation of emotional facial expres-
sions. They found that interoceptive processing
enhances empathetic processing. However, there is
also evidence of the opposite effect in studies of
those with the alexithymic trait; such individuals
have been shown to have lower activation in the
neural correlates of interoception, such as the
insular cortex (Bird et al, 2010; Silani
et al., 2008).

Identification of the neural substrates of inter-
oception improved our understanding of empathy,
and indicated that internal bodily state is import-
ant for understanding the emotions of others.
Facial expressions are commonly used in studies

INTEROCEPTION AND FACIAL EXPRESSIONS

of empathy, and viewing other’s emotional expres-
sions has been shown to automatically trigger
subtle imitation of the expression (Weyers et al.,
2006). Because a shared system for feeling one’s
own emotions and the emotions of others has been
suggested, such an imitation-based process is
considered fundamental for empathy (Jabbi et al.,
2007; Singer et al.,, 2004). Although the current
study did not measure individual empathic per-
formance directly, an imitation-experience system
would help us to understand the emotions of
others and, as shown by the results of our study,
interoceptive sensitivity would have an impact on
such a system.

The results of the current study are highly
consistent with previous findings in that they
demonstrate a relationship between interoceptive
processing and subjective emotions. Our results
suggest that subjective emotions and interoception
have shared neural substrates, such as the insula
and ventromedial prefrontal cortex, and that
activations in these areas predict individual dis-
position in emotional experience (Terasawa,
Fukushima, et al., 2013; Terasawa, Shibata, et al.,
2013). This link is essential for unearthing the
psychological mechanisms underlying emotion.
Our procedure for measuring emotional sensitiv-
ity, which was based on psychophysical methods,
was relatively free from response bias and spon-
taneous prediction by the participants. Thus, we
are confident that our study contains a precise
measure of emotional sensitivity. This is supported
by our finding of a significant relationship
between interoceptive sensitivity and emotional
sensitivity, despite potential problems with parti-
cipant estimation.

The circumplex model of emotion posits that
emotions have two dimensions: arousal and val-
ence (Russell, 1980). While some researchers
suggest that the dimensions are orthogonal, others
suggest that they are oblique (Barrett & Bliss-
Moreau, 2009; Bernat, Patrick, Benning, &
Tellegen, 2006; Kuppens, Tuerlinckx, Russell, &
Barrett, 2012; Tellegen, Watson, & Clark, 1999).
Peripheral autonomic responses are mainly known
to reflect changes in arousal level; however, in
some cases, they also reflect changes in valence
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