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Abstract

Maternal-infant attachment is shaped by various sensory cues, including visual,
auditory, and olfactory stimuli. Infant cries evoke maternal empathy and caregiving
behaviors, while infant odors activate reward-associated brain regions. However,
the combined effects of these multimodal stimuli on maternal neural responses
remain underexplored. This study examined how exposure to a chemically
synthesized infant odor, based on compounds identified from the odor of real
infants, influences maternal brain responses to infant vocalizations, specifically,
pleasant (laughter) and unpleasant (crying) sounds, using functional Near-Infrared
Spectroscopy (fNIRS). The odor stimulus, previously shown to elevate oxytocin
levels in mothers of young children, was applied in a within-participant design
across sessions held on separate days: one under the infant odor condition and
the other under an odorless control condition. A total of 27 mothers of infants aged
2—11 months participated in this study. The cerebral hemodynamic response was
recorded using a 56-channel fNIRS system in which participants rated the
pleasantness or unpleasantness of each vocalization. Laughter elicited decreased
activity in the frontopolar area under both odor conditions. However, activities in
the dorsolateral prefrontal cortex (DLPFC) decreased significantly only in the
odorless laughter condition, suggesting an odor-related modulation. No significant
effects of infant odor were observed in the subjective ratings of the vocalizations.
Generalized linear model (GLM) analyses revealed that the infant odor enhanced
activation in the right superior temporal gyrus (STG) in response to crying stimuli,
particularly when those cries were perceived as relatively unpleasant. In addition,
mothers with lower depressive tendencies, as indicated by lower scores on the
General Health Questionnaire (GHQ), exhibited moderate reductions in frontopolar
activity during the infant odor-crying condition. These findings suggest that infant
odor selectively enhances maternal neural sensitivity to negatively valenced infant
cues, potentially promoting more adaptive caregiving responses. In mothers with
fewer depressive symptoms, infant odor may also help mitigate brain activity




associated with stress or anxiety elicited by infant distress. Future research should
further explore the potential of infant odors to support maternal mental health and
strengthen parent-infant bonding.
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Effects of Infant Odors on Maternal Brain Responses to Pleasant and

Fh

Unpleasant Infant Vocalizations: An fNIRS Study
EEEY - EHERY - BB RAREEN - IR ST - CPEEETT
FIZEARTA ™™ - RACHEF-*** - SRECRIRC ™ - )R
Wanhshuyao Sun, Yur Tamada, Etichi Hoshino, Satoshi Morimoto, Mingdi Xu, Yuke:

Hirasawa, Mika Shirasu, Masako Okamoto, Kazushige Touhara and Yasuyo Minagawa

Maternal-infant attachment is shaped by various sensory cues, including visual, au-

ditory, and olfactory stimuli. Infant cries evoke maternal empathy and caregiving
behaviors, while infant odors activate reward-associated brain regions. However, the
combined effects of these multimodal stimuli on maternal neural responses remain

underexplored. This study examined how exposure to a chemically synthesized in-

fant odor, based on compounds identified from the odor of real infants, influences
maternal brain responses to infant vocalizations, specifically, pleasant (laughter) and
unpleasant (crying) sounds, using functional Near-Infrared Spectroscopy (fNIRS). The

odor stimulus, previously shown to elevate oxytocin levels in mothers of young chil-

dren, was applied in a within-participant design across sessions held on separate days:

one under the infant odor condition and the other under an odorless control condi-
tion. A total of 27 mothers of infants aged 2-11 months participated in this study.

The cerebral hemodynamic response was recorded using a 56-channel fNIRS system

in which participants rated the pleasantness or unpleasantness of each vocalization.
Laughter elicited decreased activity in the frontopolar area under both odor condi-

tions. However, activities in the dorsolateral prefrontal cortex (DLPFC) decreased

significantly only in the odorless laughter condition, suggesting an odor-related modu-

lation. No significant effects of infant odor were observed in the subjective ratings of
the vocalizations. Generalized linear model (GLM) analyses revealed that the infant
odor enhanced activation in the right superior temporal gyrus (STG) in response to

crying stimuli, particularly when those cries were perceived as relatively unpleasant.

In addition, mothers with lower depressive tendencies, as indicated by lower scores

on the General Health Questionnaire (GHQ), exhibited moderate reductions in fron-

topolar activity during the infant odor-crying condition. These findings suggest that
infant odor selectively enhances maternal neural sensitivity to negatively valenced
infant cues, potentially promoting more adaptive caregiving responses. In mothers
with fewer depressive symptoms, infant odor may also help mitigate brain activity
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associated with stress or anxiety elicited by infant distress. Future research should

further explore the potential of infant odors to support maternal mental health and

strengthen parent-infant bonding.

Key words : maternal-infant attachment, functional near-infrared spectroscopy, mul-
timodal
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IHFLIHEI M IZ B A BT O A4 ZEERIEE L CHEIN L, ZOREIR [Forbns Ln
BE] Lo iR SN AHEEREIEA ) TR, TERRPRE O EEREIEE B2, F 2 L0
HIZDWT, Schiavo et al. (2020) 137~ 7 ADOFIFRF IR T A~ 7 ZAOREITEN, TR O
BRI RBIRE LR EEB e A F Y by UV AT AT B RMHEFRICE VAL L%
RL7ze E72, 7y PBIUR Y AIBITLIMZREOE S F S ETFHORH I I 2 27— a >
TEIOEELERTH Y, KR, Whh bR, HENLZEKEOESVOEIIIG L TERESNEZ L
b i &7z (Ehret, 2005; Hofer et al, 2002) o MREIZDOW Tl Nowak et al. (2007) (2& 1, MEFE &AF
FOBREIIBIT AT ME 70 A0 BEEITFH O FHOMEEICES L, (FEOROBAE
FEIZENLZEPHLNIIEN TS,

IS (b PUALO) BRI SN, b MIBWTH RIS o THE A S FH S s BRER
B E=E, R, GV OEYEN, SR EZEEICOWTES L OWIENR SNz, FTIERER
FEEIEIZOWTIE, AT 4 7EEMTHLIROMEF 2 L EFHIIHESLTHEER 5
—J5, EMTEI R IR & LRI 2 1TE), A SRATEIDSTESs s, FLBOE R AR T 5 20123t
Ry 722478 7 BLS (Batson & Shaw, 1991; Lin & McFatter, 2012), & 512, EXIEN % 72 Hoegholt
etal (2023) oWz TIE, OREFRTOMELEIIRAOEF LY, FLEOW & &2 B < BRI -
GEMA (STG: Superior Temporal Gyrus), # LH, HEBHEIKEZ EOMBFEFEL L O HEA Y b7 —72
LD EHALT 5 2 EdR SNz, — T, ROFEENHERIBICE LT, RO O W THET L
72 Minagawa et al. (2009a) TlX, XZOT & _"FKDST OEHEBMAHI A L THIMR TH 5 HIRE
AISER & (OFC: Orbitofrontal Cortex) 23L& Wi RIS L, ZDEEHEDPDWE L & OHIREFE & G
B IEOMHBES RSz,

FLIB OB IR 2 BHO S IZ DWW THE L7z, Schifer et al. (2024) OREAILE M5 (MRI :
Magnetic Resonance Imaging) W72 & % &, HEREBOAEMEICEDL 5, FLULOMRRZE SR EE
WMHEOEEFH L Y b STG & HFAEREFIKEE (PAG : Periaqueductal Gray) [ CORERENRE A2
LS N7z, S HIE 03 BT RTORFUIIRELE L T, RASAQILIEOGNEZE CEEICH
BIIREE RIS B (mOFC © medial Orbitofrontal Cortex) % Hi.ls& L2 A v b7 — 27 N TORE DS
ELE N, BAFOEEIK L CTHOFLEDFERZ R CB L) B & IR, TERRERR L Hal
5 OFC, BRHE, MAEOM THRWIESDIHIR S Nz, 7272, FEIICES T 0O/ E RT3 2 M@0
SR OBEFEIEESN, BTFEEPHRWETF 2B L Z20F LRI TFOHVEXFITE, &
PFoOHVE L DIFGEASE O N DA, FEICHEND L BB ZoMar RS 2d o7 (Croy et
al, 2019) o
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LD & B Y IROEREREABCHTFEENGZ LR Y T 1 7 TREM R, TEIIZ DN
BERERVICHH S 228N T &z, 72771, D ERERMIZEHE 5 ) 71 OMFHCE T 5. AENLE
TBRTIIEBOBREREMAES LTBY), FAOITHEIHINMRIRICE TS FRL R ERT 2
EBEZOND, BIZIE, T ART Y MIBWT, BEIIHE—OREAT TR, W &R Om T
EEPEDLDIZL THFOMBIIEEZFT> Tw5 (Nagasawa et al, 2012) 0 & 512, HFOEB D RH O R
BEIZBIT 2 EWREH (USVs) ~OMRILE 2 HE L, WE EHEEOREGVEETH L RET 2 2
ENRENTW S (Cohen et al, 2011; Farrell & Alberts, 2002)s TNOHDHRAE SF 2 5 &, KT
HOVLIBEMBENER L V) 200FF ) 7405, BHMTRELNZVWEBEOEESCEETEOMR
R EFFOWERESZZ 5Nb, TNICHEHLLT, ZhFTlce FLED SRR SR D LEERIE
FHWWIRIER O N TV D, 22 TRIFRIX, BITE2S b BTEFE CEEREH 2 RTI e
IRENTHER, MEICHER L, BB R L 25O 3BT 2 FLIBRE R B O w5 % BkgiE L~y
THLPIZTAIEEHE Lz, 4F, P (2022) 126 » Akt o7 e & 234 LILEMRs %
FEL, ZNa2 B ER LA RREEMEFRBOT XL b v 2 ED MR TR L7, 22
TAWZIIAEFERE OBV EEZ SN ZOFEFBEWE 2 T, RN A O MIIZ BT
LRNREMRF T 50 BAEMIIIILRFFB RS L BEEME L ORBOT, FLROW - ASPEE 2 [ B
DOF R OB OIS % TRV 563 (INIRS: functional Near-Infrared Spectroscopy) (2 & 0 FHlS
Bo FRICHTEACIBMEICES T B MEBAICEH L, BIGEIOENE2 ) T, BiGghe BHE &
DEATREE - 5 D - Lk & OB EM: 2 G L7z

ik

siNE ERSNBF I OREFRTORB 27 ATH Y, FElid 24 A5 40 5% (M = 3315+381) T
Hote BRPTHLIWLOAMIE2~11 ¥ H (M =648+£290) T, TNHOFIBIIE 1 T 24 %, %
2T LIS A TH -7z EBIMBIIREREERIEER S — F+ v b Open Essence (E+7 1 IVAaAl
JHEEE (KR)) CTEBRED LW LRI TS,

BIFETT 2 TRA— VOEBRAEIZLD Y 7 v— F &N, 2EORFTICL BSINC LY #HEHTH
bz FLRDBVER 72012, ZIEIZFUEENTIZRCHTHIDOA TSI 2o FRIZE VD
BRI, FEERE], BEEFFIIEIHAS B HICHT TEITTL 59 X)) ITREN T, RIFRITE
MESRE RSO IGEIR B S 0K (KAEES 2201400000 %15 TIrbi, E&TOBIMEICIZHEROHE
BNEOBHPAET > - RICAEERHE TV S,

EBRTH AL EBROFRE AEBRISMENTIA L THY), ESMEVRRD 2 D0 WEN
(FLEAEBSL, M5) o INIRS FEBRIC 1 HULRBENZZBIHAR TSI 720 2 DOFEBRIZ BT 2 4ff
WEIZA D v 8 =T VAR oT2e WTNOBWEETD, SNEITEHCOFE - il &% R T
B TICRRETICEREIT o720 4 INIRS B T HRICER SN ERIBOEARLBEOHNR %
M9 BMAGRE 2 F05E L 720 T 78574 & a WD) BMAGRE I M FZERORFTHNC A+ » 7 4 » THEMi L
7oo WREFERIMER 7 — FF v ML 2R HEIIMEERE TRICAETIToThb b o7,
IRERE FLWEOKREDGNYE & L CFEM (2022) - HEAM (2023) T S 7z 7L R &
FREDILEWE P SNz R1OEDZHEEE LTHERENETOEL Y 7Y a— )L (PG) 12
R, ZOHEBEZ 0ul EVICWILTEIR L7ze ZNS IXWFZERLAIEI o 1.5 BRIaTic, F28%mT H 122k
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#F 1. LR OM S L OMEHE

Name M
2-Pentylfuran 6.63 x 107
2-Pyrrolidinone 750 x 10*
Valeraldehyde 750 x 10®
1-Octene 142 x 10°
Heptane 1.23 x 10
trans-2-Heptene 2.38 x 104
Acetophenone 1.81 x 10
Phenylacetaldehyde 6.70 x 10®
Butanal 2.24 x 10°
3-Methylheptane 743 x 10
(2R,3S) meso 2,3-Butanediol | 1.62 x 103
Nonanal 997 x 10°
2-Undecanol 407 x 10°
3-Heptanol 1.87 x 10°

B 1. LRI O RR 5 i
LI D T 0 — 7 A IRE &) RO B E

& L7280kl 50 ul 32 5- 2 7z MG CIIEROBOEET 2R Lz 2D 2 540Kz 25
DORIZZHTEEL KRB 2HT, ERICHEEOWETEIO MR % ] 5 BAOM R, WESEM4H»
5 HEEDLDB NI L TSI 63%\ 72,

WA FIE A &~ FICEE SNBEE TR SN, HMoOPSINE DRI B ICEHE Sz
(1) EBRFBERNICEREDEOFELT, FEEHIIFRRIICEETEAR ENS L) 1L 7
ZhNE I LT, FEERIX E%&ﬂ?%@ﬂ% CEIIRLT

FEBZIZMOY WA TFHEFTHELI T VWERER RO /20, EMGIE 2 2 EEESINE T L I0ER
TV, RERUK L7 T/, FEEREBERFEREOE AN 75 A4 QFKRE D AT X 0fLhEd, -
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£ 2. BINEORE - FHEMMOS A

SHEHARE  THE  ERE

BRI Tauzav

(e~ 1K) M) (SD)
PBQ 125 0~53 17.11 11.80
GHQ 28 0~ 27 6.44 6.59
EQ 54 11 ~ 47 26.96 889

LB HBEHIOMEH 222, FEBh B L OEBRZEOFERCURERIIO MM 21790 BRI &KEZ 5 H L7z,
FEEERE TEERMIE, FLEOWMEFE TEBED 2 &ML L, FNEN 20 BMOERE T 7 A IVE 6
FEEHEH L72e SNODOFFT 7 4 VIFBIOEBRTEE L 7244 9~11 # B 227 Still Face EEih B &
DEBRHBZOFF 2T LINELLZLDTH S, NWELEEFDI L, CTHNRWEEATT 4T
7, RO L WRFRIIRY T 7EF L LTHELZ, INHOEFEPLLHFANIIT- 72 0~1 %
W (0~217H:M=748 +388) BRHOHB I Bl Loty T4 VFEETAIC CRER T
323 0MEL SNz, RSNIZFT 29 ROBFFICK L, SIEITHEPIEUZEIRIZOWT [H
DLW, &%), TweBLW], [Wo72)35]), TFERELZ], [#IEL7]), [TwWizlzghkw],
[ANVAODE] O8HHEZ, 1 [ ZHIKLARbo7z] 22565 [ ZFH U] O 5 BRERRH
BT olze RERT, WMEFIX [WilzEhiw] OB EMOES, THEBFIIEFZHVT [FE
720, TweEBLWw], [WoZe) 35 RYT7 4 THAEMOEFRANEL SNz, (&7 5 EREFTY
HA3T U oS, THREGE I3 OOEBOGFHTFES 12 U EoEFESRIIN, X—2F 1 Vil
BMIIY 7 24 X2 vz, THEIEAY—H—X 1) 656dB~70dB TER I N/,

EFIERK ZEMRIILTO3HET, BFEHEIZOWTO PBQ (Postpartum Bonding Questionnaire),
GHQ28 H AN (General Health Questionnaire), &M% #5345 EQ (Empathy Quotient) (Preti et
al, 2011) @ 3 REH, [FRAILE], [MEBISE] O 2 RE2THMH L7z SO0 RETER2IC
NEI

fNIRS EERDFHE &  (INIRS OFHANIFH%E CITbi7ze NIRSIEHZ A T4 GBI MRS T 7 4 —
i@ (ETG7000, (Bk) HI AT 4 3) 2 L7, REBRTIE Tsuzuki et al. (2007) 12 & 2/8—F ¥
Vo LY A= a Y TRIT v & A VORI 2N HEE 217 720, 50 LoSNE O
B, SAREBESEOM, BIXOELGE ARTOMOERTEEYFHI L2 LT, EE 10-20 Ik &
BIBE 12 F v v 3, EAMEEEL 22 F v v AVEEF L (K2). EAMELETIE, 36070 —70
BhEPS 2HHOWTEICEE ST —T7% T3, T4 IR0 S8/, F/2, AIBEEETIX, 3x3DT
00— 7EEO THOF RO 70— T % Fpz IZHIG S 272,

INIRS FEBRIZ 70 v 7 7 A LT Thbiz, 1207y 7d (H3) I2ETNRX—AF74 LT
Yo ) A XD 20~25s (F3225s) BREN, KIZF—7 v T D ITHEGE F 72130 X755 20s
EREN, 3s DEEFIREEZKAT, SMEILS—7 Y NEEISH LT =3 [FEFICAP] 2056 3 TIEFE
W @ 7TBEREOEFMREFEE YT A7) v 7 TR L TIT- 720 HIRFFEDHIEEERIX 10s TH 5
A, MERICT RO 7Ty 7 DFIEE N7, INIRS FHENC BWTHL & 7 - TR o5 &tz
NEN6 7Oy 7E&ENTWIA, TNHIIEMNT V¥ A TEREN, 2200 F &b 2E&LU LD
v va vy 10 3 O EREH TH o 720 B\ SADIER L 5 2 310 INIRS FEERT O & 2R IHIE &
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2. WIS v v AV
SHTEZ & il L 7-wrSEES (12CH) & AG MR (22CH*2) Ol
F X Y ANVONE, IKEIZERNAT v 2 L

i 20s 10s

20~25s F#22.5s N AR/ T |_| SE
I | I
|l Ev2/4Z N i

3. Tavy rTFHA Y
NR=AF54 2 (K7 I)A4R), =47y bEE (BaFETzil
TR, M, FIRGEE TR S NS 1 70y 7 O

ZINE TR > Tz, EEHSER & AIRFEZEDEIE % PsychoPy 2022 THl# L 72,
BROMEBE HHEMAHN Y 7 b7 =7 MATLAB (R2022b, The MathWorks Inc) %M L,
7 RN 10Hz TS L REET -5 %, EEIE OEVEEHEE (molecular absorption
coefficient) & M4 LT, 151 Beer-Lambert = CTHRFZILANE 7T ¥ > (LT iE Oxy-Hb: Oxygenated
Hemoglobin), BilE#H{L~EZ 1 (LLTF X Deoxy-Hb: Deoxygenated Hemoglobin) 7 — & ~Z5 i
L7z

WD LD 7edfE & FETHIME 24T > 720 FTRHIF ¥ & AV OFEFRIZDOWTIL, EHBEHORES
(TH) oFt4->0F ¥ A (X2 o CH31, CH40, CH49, CH58) Z#FE 7% / 4 A EIZH o727
DT RXTOGH ORI L72e — ADOBMBEMIFEDF ¥ ¥ 2NV B W T—TEHOFEEHED 6
Tay 7OH, 30U EoTOy I PEPNIEE, SETABMBEDOZOWE - HEREMEIIBIT 5
WF v U ANVDTF—F ZEI L7z, RIZ, Yamada et al. (2012) OF2%E L 72 MUFEEHAE S8 2 @A L 72,
ZOFEE, BEIC X A MR ZE Tt Oxy-Hb & Deoxy-Hb O LB OME /R —T, 90, KE
Mg, EE7—F 7727 M eIl L 528N ESF TRIEOHBEZRT &) FEIZESHTWE, 2
OFEFZFHL, MIHEELA D 2 £ Xpin#BELZ. 512, band pass filter T 05Hz @ 3 kN %
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x107
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-9
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— Oxy-Hb
o= Deoxy-Hb
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1 1 1

5 10 15 20
Time(s)
4. TR
EBNMEEFMETF ¥ ~ 2V ® Oxy-Hb - Deoxy-Hb Fi A5 EALO#FH 9
LEDOEPIIN—A T4 VX[, hROBHIEY —7y NXB ORI 4~ K7 &RT

1
(=]
[
L5)]
o —

T =20 —RA T A NVE L 002Hz D5RINY T—ANAIRZAT 4V F #FEHAL, 002~05Hz LSO
W2 W Lize €DH 2, ¥—7 v MXMH 20s ODHERFTD 58 DR—AF 4 Y& FHANTY =4 b
Xz CuffiiE L7z 20%, @ZMEOTFNEF v AVOET 0y 7129w T Oxy-Hb FiRYIZ
ILOBFHEHEEL (M4), USE—272Rd72e A5 =4y MR Ts ThHo7-DTHITEE #
DY — 7 DFith 25s ThHBH Y —4 v MM 45~95s D 5s L &ZE L 720

ESMEDET v X A NVIIOWTY =7y PRHIATIN—Z 71 > D 5s &, 5s ORI EDOFIGHEZE
HH L, SHODF =¥ ZHWTEF XY VANV TR=Z54 ¥ —4 v MENED Oxy-Hb 21t
BIZOWTHREXAT 2720 S D72 D157 L4 I 2L R & 2.0 Oxy-Hb 21L& D755
D tMERIT 720 tMEDFEFIZ DWW T False Discovery Rate 2 HE HHIIE (LT I& FDR #i1E) %3
M L7 SREOBI T, HVoshRERET 2570010, BiUCSIENTRESGHOLEEZ § 5
) TIE AR, ZINEONTEESCHREFEDOERN T ERE L 72 “RIVENT 2 RO 1) OFEHE T -
72 T, BATIIZCICEED B T-5 52 LRI BRI 3 2 SR & & /8 L 72B9.0 3% (ROL: Region of
Interest) % #%JE L7zo BARMYIC, BABRIBULE 2 BIFR§ % ATSHHTEF (Landowska et al, 2018; Minagawa
et al, 2009a; Minagawa et al, 2009b), & FE O FAIICE S5 3 2 HEET % &8 STG (Hoegholt et
al, 2023; Belin et al, 2000, 2018), B L OHE&MO—#TH ) MBEHHMHE, HSHEECILKICEET 5
(Hirsch et al, 2023; Schurz et al., 2014) fHISEEEIE#EAE (TPJ: Temporo-Parietal Junction) (4 RE®FF
WTEHEEFNL O LR E FHGERZE) % RO & LCikE L7z 2O ROIND CH TR—ATF A
YEDQHEHNEE TH 72 CH 2 HIZH > 720 KIS - 72 CHIZDWT Oxy-Hb 2L & HFH I2x$
% EBIENRETE X H AT E AR S & MBS 21T o THE MBS 72 CHIZx L T— e T
)V (GLM: Generalized Linear Model) % F\ 7z ZIREIFNT % 4T > 720 2 OFBGHTCI1E, ERIMB &
CHISFFED A 27 &£ O Oxy-Hb Zft&E | QFLAFHE LM & R LM TO Oxy-Hb ZILEDES & D
B % HEt L7z ZREIRAT IS I N /2 CH IZB VORI E MBI CHR & %o /2B MKEE (61,
GHQ) DO#hHEXMET 5 GLM %8 LA ERNOTERE, KEEHAEHE L7z BTIITREHET Y 7
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AMERS hat 1 T
3r ke 3 e v
2 B 2
a X
B 1 Y 1
n n
X 0 K 0
H H
B | . E L L
2} i 2t
= Ttk 30 .ﬂ.«lf%ﬁﬁ%

O\ER
5. SMHIDFEE DRIRFEE
BLETE L TRIGR 2B B At (FLIBHEUR - R HIORRGEE

F7 =7 R (441, R Core Team) %\ 72,
FNREFE X [E] CHEE R - SRl 4 =7 372 Wilcoxon D55+ ENERE %47 - 726

&R

BVWERHRIDZENRITFE M5 LM OEHOMNRFTEOFFEZRT . FUBHMA L RO,
EOEFFMTLALNT, FUBRBEEFBINERIGEELY RIS o/ 2 LAVRENTZ, EED
DEVGFHTOMEF 2 NP Lz, B 2 U 22 H D, EBRISHEHER L ChE X
FrL, Wilcoxon OFF 5t S MEMHE OFEE, F &7 vs THEBE 02 3 7L IR SM (W =377, p <
001) b HERSEM (W=377p < .001) TLHETH->7,

SURIOBGEE) M6, FIICHETHESEM LEHE, TR HoR%2 280G GUEBRHME, &
B) COMEHO®RS (Oxy-Hb ZLEOKE L) 2F v 2 (CH) HUIRT. ShHIEZCHIZE
WTR=ZAFA 7 =7y bDtHERITV, FDRMIEZITo MR TH B, MilERIZRS 72 CH
DHRIHFIEBEES RSNz EBLOBOEMIZB VT HREE % di & LIS B O T 253
SNFS, ZOHTH—ETEBMAAS NIz SRAINCAL L, I EH - FLUBFFBREMETIE
CH59 (41 STG) OIEEEINAAE BMNTH o7z (¢ =3034; p <0L Q = 075).

—J5, THEEEE - FUBHRBSL A Tld CHI6 (ATBEAR), CH50 (F5#% LA 123 E 2B T ATR
51 (Q <.05), CHI4 (RisHiR) OEEMKTrEREMENTHo7 (Q = 076). THEHS - MEREMHT
13 CHI & CH5 (/MAIRGEERTEF), CH6, CHI0, CH11, CHI14 (RiSEf), CH30 (ZEiz L) oi&#Ens
BFRIETLZ (Q<.05), HELAHFMAOYVEHM AT 2 tMEY HEEFEFIIBNTSE
BEIERHIESEAO ) 2 TITo 7205, MEEEFICBVWTHERENASLN CH IZ A2 > 72,

WIS, TEBZEEDSH < A 572 ROI OMREZ MG 2 72012, MiGEEh L FIRFFERFTEESL O
B % AT %0 4 ROI & L CHET L7z MERArIE, BBk X 28 FDR fIE £ ICHETIc A E (1
[]) THY, HOREATHIZRIC L o CHEFLHE, F7E55 0 LB ICBENFRO 5N 5 LUF o,
¥ % &t CH59 (45 STG), CH1 & CH5 (¥/MURTEERGEF), CH10, CH11, CH14, CH16 (RijSfi),
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£3. BEM, ZCHTOR=AFA &=y MXH® Oxy-Hb ZILEIZDWT D ¢ BER L

ESGs CH No. HEE R R AL t Q P
wEE - FLUER CH59 4 STG 303 0075  0.005
CH14 Hij HAR -293 0076 0.007
THE - FLBR CHI6 UEEGT —368 0034 0001
CH50 L 1|l —341 0034 0.002

CH1 WAMIETEEATE  —299 0039 0.006
CH5 oM ETE —329 0030  0.003

CH6 i G ~343 0030 0002
CHR - R CHIO il G ~321 0030 0004
CH11 i G ~338 0030 0002
CH14 g ~318 0030 0004
CH30 % LIl ~289 0043 0008
MEE - ARBHR CHE - ILRBMR

Hi

THAS - BR

6. RIS E)
NR=AFGA =7y POt REHRICEDE, FDR#MIERAEE (Q<05)
FodAEEN (Q<l) #RLAZFx 4 (CH) %M THA THRHER

CH30 & CH50 (i L) THo7zo D9 B CHE9 (4 STG), CHI6 (Ri¥EMR) OAEERHBEA A S
Nize BARRICIZERSLMFIZB W TR &I T % CHS9 (F STG) ORiGEN & FIRFFEE & & DO
(r=—053p < OL)DSHBI, RRTHLEMEEIE T o722 EAVRE N0 MAT, MLEFITKT
% CH16 (HiEEMR) OBWIRAHOBGEEIOAS (FLIERER-ER) 2°CGHQ (9 ofiln) L&D
waRL7z (r=-041,p < 05), 2%V ) DAL EVIT LBV ORIEEI~ORIFEDEFG 0> > 72,

PLE, ENREFE L OB A 5172 CHS9 (£ STG) & GHQ & OB A 5 17z CH16 (RISEMR) (2
OWT LY EEICHETT 572012, FREFNGLM I L 2T 217572, 9, G STGIZBI LTI, i
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0.02

0.00

AOxy-Hb (mM mm)

-0.02

-1SD +1SD
rating SD Level
Odor Condition = = = 4 e— L RNFEE
7. Wr&FICHT 54 STG ORGESE) & FNREFE & OB
W& IR $ 5 FIRFFEDS £1SD OBEIZBIT 5801 X B /iET) (AOxy-Hb) D

EFEFMCOMGEE 2 EBAERE L, BWEf, HFIC8THIREFELMVERE LAEIHRBIV
LEEHOFEEWL Y, ZINB L7257 vy 2 LIRS Lize 205, FUREME T X ) INiGE)
RN E W) B WO ERFRIEEEET (8 =0019, t=190, p=0058), AMEOEIRFEETEI Y HKiGE
RN E W) HIRFEDO TRV ERE TH o7 (8= -0021, t=-382, p<0001), B\EEIRFTE
OEHEROEE THo72 (8=0016, t=211, p<.05) FHMIEEL LTI EHIITHHRTED
+1SD 1 CHAMER T 24T o 72458 (K 7), + 1SD TOAGVOEREIEETH -7z (8 = 0.024,
=206, p<.05)o 2F ), HEFENHVIEE (038 LLLE) I2BWT, BWdid o 5AN & B ISR
54 STGIEFN BV EAVRENT,

FEV CTRIBAMZ DWW IR X 75 1203 5 CHI6 ORIGE & TEE A & L CH59 & [k E 7V THIL
BEOMNRFEEE GHQ IZANEZ N E Lzs ZOfE, FLULEHME CIERIO T AVNEL 25
EVIIBVWOERE (8=0016, t=196, p=0052) PIEOHFEMEEERL. v GHQ ODKEAE
ML EEMEnZR L (8=-0002, t=-194, p=0053), HAEFDH 24T 728F, HSITRLE
# ) GHQ 25+1SD (1303 DLE) I2BWTHVOFMEIHE TR o722 (8= -00065, t=—0.79,
p=043), GHQ#0 (%4 F A 1SD # i : OT, HJ/METH 5 0 % H72) I2BWCI3F S 6
R L7z (3=0016, t=196, p=0051)s TbbL, I OEAMENEEITEHNORENDH L Z LA
IRENTZ,

ER

AKEFFEIL, ¥ M HWMRES N LR EIE CPE, 2022) 22RT5ZLI2LoT,
BRAOESADOP - APE 2 JEIL 7-BEOMBORIS, MR LB L 7EWDSALNL %
HEMPTEZERZHME Lze TOHMDDIZILREME, WESMI251F 5 INIRS 5Hll 217 -
7oAE R, FLRRHB OB - NREH T 2 MRS 0@ A S 2% o oo REHTLK L CTF STG
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0.04

0.02

AOxy-Hb (mM mm)
o
(=]
o

-0.02 e

0 +1SD
GHQ SD Level
Odor Condition =~ = = @ —— FLIBHHE
X 8. v &K B HIEEmORMGE & GHQ A 3 7 DR
GHQ 75+1SD & 0 OB &2 BT 28I & 2iEH) (AOxy-Hb) di#w

DIEFD LA B EDR ENT2—F, PO BT, BRI RTEERTE 2 dl & 3 5 FiERT
B ORI TAERE SNz FLUBEHBEORRIEEICRPEHETH 2 & F 2 HCBIZALN, FRiZh
STG L HEEE THRVORIR, M THIRFFER ) 2E & ORRS AL NT, 2O K ) ITHMIEENIZB
WA E O BN S NT-—F, FRFEICBVWTIIAREHEOERA SN ol 7277
L, WEFIIEEED THREGE LD EBINICARIRTH 572 2 L 25EDPO STz,

DEDO#EREDS, BRAPOFBUIFULEMEBEICL D 52 b2 v OFWAMEES NS CREM, 2022)
CETHL ANV TOFEFEAPEL D00, TP L HARFEER OB 2 FMER IR
LEFERS W EAURENTZ. BIEENCE L Cld, tLER - FLREBASLM CiEEhds 2S5 7245 STG
3 (Voice Area) 7213 Temporal Voice Patch & FEIZIN 5 v b A IZHRRAICBUGS 5 AL —
#HTHH (Belin et al, 2000, 2018), HFICHMIEFFHFEFERLIEE 70V 74 —OHEICEEG § 2 HAT
Hbo AROMNEFEOTT Y T 4 —HEBEREL B L T 5 & E 2 5N 5, WG HWEHICARE
FARERLMETH IR G MEEBELLEO L Y T — 27 EFEBFICE STGC OE# b A D
w22 &5 (Hoegholt et al, 2023), RWIZEDOHEIWEROILE Ay VT =2 0T [AD ]
OEEE R LTt EZ b5,

=7, TREEEE ST MR, AU, A RSB O T 2SR S 7z, FERIE B
HlE A 2R L CRIBERTEF O BB 2 510 L 7298 TUd, BISEIOIR T 2SR 5N 5 2 & DL EME ST
% (Landowska et al, 2018, “FEFft, 2015, #fth, 2017), LFEOWFZED & BIBMREIE I L C—FF
TRELKRICEATZ L VIFREP—EH L TRSNURHEMOKE S L OEIRIEINTVRDEA, O
FIIAWEL b —F L Twb, Xuetal (2017) 13RI O BEZ DT 7 2 BUEHIECE 1 5 72 MEBEFEERIC
BT, WYMURTHERTE, WHIHEMRZ & O RiE B OEBRAINREE S S HET L 2 BRI L7,
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INHDOZ Lo THEIZBIT 5 25 O OEENME T I MU AT AR, ATEEmOEE) & 458
EECOMOKELEICES T2 LEX 6N, —HTHEEBITHEEEERSE (TP]) & i
RICEDL LM TOH Y, WEREICES L T AHEBITH 5, ZOMIZ S ELEENIZEERE DK
L EB RN OE G2 E SN TW5  (Hirsch et al, 2023) . L7225 TABIZETHA S NL7z#% LD

BRGNS TREEE IO T S IEEESEG L TWwbEEZONL, L, SHOESIEER
Oxy-Hb DIETTH Y, ZOETOEEIZ OV TIEHR T TIIHRTE Ty,

A, BTERE, S EREICE DS ROLICOWTIIHIRFFER B MM E OBE ) S O =
To720 HSTGIZOWTIENW &7 - FURHFEIR CHWBGEEI2 A b /22, Z OB OGEIEN & 75
FEIUZ BV TEWSEE & AIRFFEISS U THRLR 5 2 &Y GLM Tk O BAMERI ST TR SNz i &
FENPTHVEK LS (HREFE 038 LLED) SMEFHTOA, RN L 1 AR S CORE
BEMAEETH o 7o FUBIFBSLII S ITAPURTE 2 4870 % WIEEBLC FLR A O RO & /& @ 5 KR 48
HY, FRUE L V) EROILRF~NORISEE SO 72, FUBHBERIC I DA X2 by VWA B
(CFi#, 2022), —H T, AF Y b vORWERIZEIN T EDLEFA) LT HTEIMEESI NS Z &2
5N TW5A% (Bakermans-Kranenburg & van IJzendoorn, 2018; Rickenbacher et al, 2017), Z® &9
A XYY OFRBUBMHEIRIE EFICAPRE 2 @I WEBICOAR SN D Z RSN,

AISEARIC BT 2 AR R OR)RIE, O ) SEANCEE L TV 2 2 LSRR L DR Sz, Hil
SRAB I SRR 1O L CHERIGEEIDIA SN T W 2DS, O X2 F= RIS $ 5 BB O A Lk O & FH3
ENT. BARMIZIE, WEFZHBICHEBROEE N T 5205, EBREEHELDIRBELHFDITD
WEDF Y PNSEHAL SNz TR D THREZIT- 7%, ) oM (GHQ A3 7T
B 0) ORBUI BV TOARILIBER RSO F N E FI2xE T 2 AT SBIEE O T A% ) /N S WEM AR
bNTze SBATIIZECTIE, APRZFEERENIN U CRISERTE OIGEI2ME T L7z ) GREPMD, 2011), AEMH
MI2SE E > T A AT HIEEREICH ) BT 95 (Yeung et al, 2021; Duran-Gomez et al.,
2021) T EDTREN TV EDS, FRICHIEEBICIEE T2, AT T 4 7R % R 5 B EEEm O
FIAMET L, & SICHIFEMEN (neuroticism) 2SEWII ETEEME T L D BEF IS A 2 L ST
W5 (P, 2015; 21, 2017: Minagawa et al, 2009b) o fitiZ b LRI & 2 A CHRISEM O G E) A
TABZ EDHEEINTWDS (Peng et al, 2018) TN O DEITHEOMAEHT 25 L, AR TH
BN E TR T A RIS O GBI T REAFR DN & 575 & v ) B & 0 £ U720 R b
VARALZDEHE DICHET 2 EHER SN D, 2T LT, GHQ A3 7 MRV EEIZB W TR
BRSHEBOEEER T 2T 2R 2R L-ar s, FUBHFBRIE ) SEAMRWHICBWTZED
R AFET A WREEIRIE S NS, FUREHMEMEBOGHE T 2B T 5 A 1 =X L1120\ T
X, LB EICL > THWMESNEF IV M VOGP EZ LN, +F T N UPFRFOREHE
AN—EE PR E /- 8EEHME 289 %5 (Niwayama et al, 2017) & W FER2S & 2 0 B H
SNb,

KNI OPDORA RN H D, £9, THRETH 2OV I W RO D & OB {R A
MEICTE R o/o i TH Lo Bl 2 THRES - A TIEEIMIREHRTE OIFEIR T 2SR 5, A48
FREOBLATRIBE SN DGR L o728, THEGS - ALRRBUER S0 I MURTEERTE O F 2 2 NG
R oNT, S 5IEIMUFTEERTEICE U CHBIZITR GLM ST I B W TH HE LSRR TE
Zirofze AENIPHIEL S AP AT 2 88 S —EH 72O TR O EE R L2 G045 HROREL
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L7z, fiofESE LT, RFZE TR L BRI 1T 57278, FLIBFAE Cld% <, 4
VOB TR OER LR T X BAREMENH 5 72720, P LEOBINE TR S %55
DEVEE L TV TZOMREEITKRVA, BV EOF I L > TERHRICIFR O R— 2921 T
57 EHBMRROGEINE D > TL 2 REND S 50 SHOMETIEa Y Pu— VRZI) AL &
TLOVRBEOBVRF 2T LEND L, BWIZETIE, — 27U IR E B0 LOETF 2 Hw
72785, Croy et al. (2019) O/RIBL-HEY), BHEELSTLLIZOTOHVWEXBTE, IENIIH %
HOEmMEZR L7220, BOOT ESHERORIME A6, B2 2ERPEONLWREMEDH D,
LSHROMFBETHRADVLETH 5. —HTEHOIIE, LM% L T SN D 501, HHIEE
WBAICIAF I NL EEZ SN2 FFHE (& 2022) THESEO N SITERBEVHRLE ED
b,

AT A XD b v 05w E RS IIBEERSILBOEBHEAEIUC B W TRIZTHR, Thbb
BB ORI & R LB EIHOBHRRE R Lz COMRICL Y, FUIKMRIIE %
RRT 7T OBEr O FEANLERERDL, BTHOEEOMILICEHKT 2WREESZEZ NG, &
EZECORFEEMWEE L NV TEE L THE L2, SBORBZEE LT, EEORTHIZBITH1TH
MORELRETAHZ EVRETH D, BAERNICITRTH, F23XTREAOMEIERE W) BT, X
VIR AL FER O ZHBRN 25 H T OTE 2 5+ 5 2 & T, 2 OFLIREEEE DS A B 2 BT
DITBVERZE TP OVTHET 2 Z L IZEETHA ),

LR

AW iE JSPS BHIFEE - MFBIEERIZE & MCBI BT I 2 = — 3 3 ¥ O T ] (¥ - JURAIK)
(23H05410) OFFEHZ T 72D TH b, RFFEOFERICH/2Y, T2 wizsmEoEsk, kb AT KD
AN IS0 E DB L BT E Y

51AEk
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