
BackgroundBackground Wehave previouslyWehave previously

reported thatthe temporomesial area,reported thatthe temporomesial area,

including the amygdala, is activated inincluding the amygdala, is activated in

womenwhenprocessingunpleasantwomenwhenprocessingunpleasant

words concerning bodyimage.words concerningbodyimage.

AimsAims To detectgenderdifferences inTo detectgenderdifferences in

brain activation duringprocessing ofthesebrain activation duringprocessing ofthese

words.words.

MethodMethod FunctionalmagneticFunctionalmagnetic

resonance imagingwasused to investigateresonance imagingwasused to investigate

13menand13womenduringanemotional13menand13womenduringanemotional

decisiontaskconsisting of unpleasantdecisiontaskconsisting of unpleasant

words concerning bodyimage andneutralwords concerningbodyimage andneutral

words.words.

ResultsResults The leftmedialprefrontalThe leftmedialprefrontal

cortex andhippocampuswere activatedcortex andhippocampuswere activated

only amongmen, and the left amygdalaonly amongmen, and the left amygdala

was activated only amongwomenduringwas activated only amongwomen during

the task; activation in the apicalprefrontalthe task; activation inthe apicalprefrontal

regionwas significantlygreater inmenregionwas significantlygreater inmen

than inwomen.than inwomen.

ConclusionsConclusions Ourdata suggestthattheOurdata suggestthatthe

prefrontalregion is responsible for theprefrontalregion is responsible for the

genderdifferences inthe processing ofgenderdifferences in the processing of

words concerning bodyimage, andmaywords concerningbodyimage, andmay

also be responsible for genderdifferencesalso beresponsible for genderdifferences

in susceptibility to eatingdisorders.in susceptibility to eatingdisorders.
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Eating disorders, which have been asso-Eating disorders, which have been asso-

ciated with concerns about body shapeciated with concerns about body shape

and size (American Psychiatric Association,and size (American Psychiatric Association,

1994), are about 10 times more common in1994), are about 10 times more common in

women than in men (Weissman & Olfson,women than in men (Weissman & Olfson,

1995). A possible reason for this difference1995). A possible reason for this difference

in susceptibility might be a gender differ-in susceptibility might be a gender differ-

ence in the neural processing of unpleasantence in the neural processing of unpleasant

information about body image. We pre-information about body image. We pre-

viously reported that women showedviously reported that women showed

amygdalar activation while processingamygdalar activation while processing

unpleasant words concerning body imageunpleasant words concerning body image

and perceived these words to be emotion-and perceived these words to be emotion-

ally negative (Shiraoally negative (Shirao et alet al, 2003, 2003aa). The). The

medial prefrontal cortex has connectionsmedial prefrontal cortex has connections

to the amygdala, constituting an interactionto the amygdala, constituting an interaction

zone between emotional and cognitive pro-zone between emotional and cognitive pro-

cessing (Drevets & Raichle, 1998). In thiscessing (Drevets & Raichle, 1998). In this

study we compared the brain activationstudy we compared the brain activation

between men and women while processingbetween men and women while processing

these words. We predicted that the amyg-these words. We predicted that the amyg-

dala would be less activated and the medialdala would be less activated and the medial

prefrontal cortex more activated in menprefrontal cortex more activated in men

than in women during the emotionalthan in women during the emotional

decision task.decision task.

METHODMETHOD

Study sampleStudy sample

An age-matched sample of 13 men (meanAn age-matched sample of 13 men (mean

age 25.3 years, s.d.age 25.3 years, s.d.¼2.8, range 21–30)2.8, range 21–30)

and 13 women (mean age 25.2 years,and 13 women (mean age 25.2 years,

s.d.s.d.¼3.2, range 21–30) participated in this3.2, range 21–30) participated in this

study (study (PP¼0.949 by two-tailed, two-sample0.949 by two-tailed, two-sample

Student’sStudent’s tt test). Participants were recruitedtest). Participants were recruited

by community announcement and paidby community announcement and paid

incentives equivalent to their transportationincentives equivalent to their transportation

expenses. All of them were right-handedexpenses. All of them were right-handed

and were native Japanese speakers. Hand-and were native Japanese speakers. Hand-

edness was determined using the Edinburghedness was determined using the Edinburgh

Handedness Inventory (Oldfield, 1971).Handedness Inventory (Oldfield, 1971).

According to self-report, participants hadAccording to self-report, participants had

no history of psychiatric, neurological orno history of psychiatric, neurological or

other major medical illness, and had neverother major medical illness, and had never

been treated with a psychotropic medi-been treated with a psychotropic medi-

cation. There was no significant differencecation. There was no significant difference

in the average years of education betweenin the average years of education between

men and women: men 15.2 (s.d.men and women: men 15.2 (s.d.¼1.6)1.6) vv..

women 14.9 (s.d.women 14.9 (s.d.¼2.5);2.5); PP¼0.645 by two-0.645 by two-

tailed, two-sample Student’stailed, two-sample Student’s tt-test. The-test. The

average body mass index of the men wasaverage body mass index of the men was

22.4 kg/m22.4 kg/m22 (s.d.(s.d.¼3.2, range 18.0–31.3)3.2, range 18.0–31.3)

and that of the women was 21.5 kg/mand that of the women was 21.5 kg/m22

(s.d.(s.d.¼3.7, range 18.8–28.4);3.7, range 18.8–28.4); PP¼0.543 by0.543 by

two-tailed two-sample Student’stwo-tailed two-sample Student’s tt-test.-test.

The average of the total Eating DisorderThe average of the total Eating Disorder

Inventory – 2 (EDI–2; Garner, 1991) scoresInventory – 2 (EDI–2; Garner, 1991) scores

of men was 45.5 (s.d.of men was 45.5 (s.d.¼28.4, range 9–103)28.4, range 9–103)

and that of women was 37.9 (s.d.and that of women was 37.9 (s.d.¼23.5,23.5,

range 7–85);range 7–85); PP¼0.330 by two-tailed Wil-0.330 by two-tailed Wil-

coxon single-rank test. The average scorecoxon single-rank test. The average score

for the item ‘body dissatisfaction’ for thefor the item ‘body dissatisfaction’ for the

men was 7.43 (s.d.men was 7.43 (s.d.¼5.45, range 2–19)5.45, range 2–19)

and for the women was 11.31 (s.d.and for the women was 11.31 (s.d.¼7.00,7.00,

range 0–22);range 0–22); PP¼0.330 by two-tailed Wil-0.330 by two-tailed Wil-

coxon single-rank test. The study was con-coxon single-rank test. The study was con-

ducted using a protocol approved by theducted using a protocol approved by the

ethics committee of Hiroshima Universityethics committee of Hiroshima University

School of Medicine. All individualsSchool of Medicine. All individuals

provided written informed consent forprovided written informed consent for

participation in the study.participation in the study.

Emotional decision taskEmotional decision task

We used the emotional decision task devel-We used the emotional decision task devel-

oped by Tabertoped by Tabert et alet al (2001), with some(2001), with some

modifications. The words used in the taskmodifications. The words used in the task

were selected from the database of Togliawere selected from the database of Toglia

& Battig (1978), which includes 2854& Battig (1978), which includes 2854

words that have been rated on several itemswords that have been rated on several items

such as familiarity and pleasantness, on asuch as familiarity and pleasantness, on a

scale of 1 (very unfamiliar; very unpleasant)scale of 1 (very unfamiliar; very unpleasant)

to 7 (very familiar; very pleasant), with 4 asto 7 (very familiar; very pleasant), with 4 as

the mid-point. For our study, 30 neutralthe mid-point. For our study, 30 neutral

words were selected from the databasewords were selected from the database

and translated into Japanese. We alsoand translated into Japanese. We also

selected 30 highly unpleasant wordsselected 30 highly unpleasant words

concerning body image, chosen fromconcerning body image, chosen from

Japanese-language dictionaries and the-Japanese-language dictionaries and the-

sauri. The two groups of words did not sig-sauri. The two groups of words did not sig-

nificantly differ with regard to word lengthnificantly differ with regard to word length

(mean length in Japanese letters: body(mean length in Japanese letters: body

image words 3.2, neutral words 3.1;image words 3.2, neutral words 3.1;

PP¼0.575 by two-tailed, two-sample Stu-0.575 by two-tailed, two-sample Stu-

dent’sdent’s tt-test). Our previous validation study-test). Our previous validation study

comparing women who had eating disor-comparing women who had eating disor-

ders with a control group of healthy womenders with a control group of healthy women

showed that there was no significant differ-showed that there was no significant differ-

ence in familiarity between the twoence in familiarity between the two

categories of words (eating disorder groupcategories of words (eating disorder group

mean familiarity score: body image wordsmean familiarity score: body image words

4.2; neutral words 4.1,4.2; neutral words 4.1, PP¼0.727; control0.727; control

group mean familiarity score: body imagegroup mean familiarity score: body image

words 3.9, neutral words 4.1,words 3.9, neutral words 4.1, PP¼0.218,0.218,

by two-tailed Wilcoxon single-rank test)by two-tailed Wilcoxon single-rank test)

and there was no significant difference inand there was no significant difference in

the familiarity ratings of words concerningthe familiarity ratings of words concerning
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body image between women with eatingbody image between women with eating

disorders and the control group (disorders and the control group (PP¼0.3650.365

by two-tailed Wilcoxon single-rank test),by two-tailed Wilcoxon single-rank test),

whereas there were significant differenceswhereas there were significant differences

in pleasantness between the two categoriesin pleasantness between the two categories

of words (mean pleasantness score in theof words (mean pleasantness score in the

eating disorder group: body image wordseating disorder group: body image words

2.4, neutral words 3.9,2.4, neutral words 3.9, PP¼0.0002; mean0.0002; mean

pleasantness score in the control group:pleasantness score in the control group:

body image words 3.0, neutral words 4.0,body image words 3.0, neutral words 4.0,

PP¼0.0001, by two-tailed Wilcoxon single-0.0001, by two-tailed Wilcoxon single-

rank test) and there were significant differ-rank test) and there were significant differ-

ences in the ratings of pleasantness betweenences in the ratings of pleasantness between

the eating disorders group and the controlthe eating disorders group and the control

group (group (PP¼0.030 by two-tailed Wilcoxon0.030 by two-tailed Wilcoxon

single-rank test) (Shiraosingle-rank test) (Shirao et alet al, 2003, 2003bb). Both). Both

lists of words contained nouns, verbs,lists of words contained nouns, verbs,

adjectives and adverbs.adjectives and adverbs.

The selected words were used to gener-The selected words were used to gener-

ate sets of unpleasant words concerningate sets of unpleasant words concerning

body image and sets of neutral words. Eachbody image and sets of neutral words. Each

word set comprised a unique combinationword set comprised a unique combination

of three words. The word sets were pre-of three words. The word sets were pre-

sented in six alternating blocks of two con-sented in six alternating blocks of two con-

ditions (the task condition and the controlditions (the task condition and the control

condition) in three cycles (Fig. 1). Duringcondition) in three cycles (Fig. 1). During

the task condition unpleasant word setsthe task condition unpleasant word sets

were presented, and during the control con-were presented, and during the control con-

dition neutral word sets were presented.dition neutral word sets were presented.

Each block began with a 3 s cue identifyingEach block began with a 3 s cue identifying

the condition by displaying the word ‘task’the condition by displaying the word ‘task’

or ‘control’. Five word sets were presentedor ‘control’. Five word sets were presented

in each block. Each word set was shownin each block. Each word set was shown

for 4 s with a 1.4 s interstimulus intervalfor 4 s with a 1.4 s interstimulus interval

(Fig. 1). The blood oxygen level-dependent(Fig. 1). The blood oxygen level-dependent

(BOLD) response was recorded during three(BOLD) response was recorded during three

blocks of unpleasant words and threeblocks of unpleasant words and three

blocks of neutral words. During each inter-blocks of neutral words. During each inter-

stimulus interval, a fixation cross placedstimulus interval, a fixation cross placed

centrally on the screen replaced the wordcentrally on the screen replaced the word

set. Baseline functional magnetic resonanceset. Baseline functional magnetic resonance

images were obtained during a 9 s periodimages were obtained during a 9 s period

prior to the first block of trials, duringprior to the first block of trials, during

which the individual viewed a centrallywhich the individual viewed a centrally

placed fixation cross. During each trial,placed fixation cross. During each trial,

the word set was projected to the centre ofthe word set was projected to the centre of

the person’s field of view by a Super Videothe person’s field of view by a Super Video

Graphics adapter computer-controlled pro-Graphics adapter computer-controlled pro-

jection system. The timing of presentationjection system. The timing of presentation

of word sets was controlled by Presentationof word sets was controlled by Presentation

Software Version 0.51 (NeurobehavioralSoftware Version 0.51 (Neurobehavioral

Systems, Inc., San Francisco, CA, USA)Systems, Inc., San Francisco, CA, USA)

and the word sets were presented in aand the word sets were presented in a

randomised order. Immediately before func-randomised order. Immediately before func-

tional magnetic resonance imaging (fMRI)tional magnetic resonance imaging (fMRI)

scanning was begun, each participant wasscanning was begun, each participant was

given ten practice trials (five unpleasantgiven ten practice trials (five unpleasant

word sets and five neutral word sets). Theword sets and five neutral word sets). The

words presented in the practice trials didwords presented in the practice trials did

not overlap with the experimental words.not overlap with the experimental words.

Participants were instructed to select theParticipants were instructed to select the

most unpleasant word from each set ofmost unpleasant word from each set of

unpleasant words based on their personalunpleasant words based on their personal

knowledge and experience, and for each setknowledge and experience, and for each set

of neutral words, participants wereof neutral words, participants were

instructed to select the word that theyinstructed to select the word that they

thought was the most neutral; they indicatedthought was the most neutral; they indicated

their choice by pressing one of three buttonstheir choice by pressing one of three buttons

on a response pad in the MRI scanner.on a response pad in the MRI scanner.

Image acquisition and processingImage acquisition and processing

The MRI scanner used was a MagnexThe MRI scanner used was a Magnex

Eclipse 1.5 T Power Drive 250 (ShimadzuEclipse 1.5 T Power Drive 250 (Shimadzu

Medical Systems, Kyoto, Japan). A time-Medical Systems, Kyoto, Japan). A time-

course series of 63 volumes was acquiredcourse series of 63 volumes was acquired

withwith TT22*-weighted, gradient echo, echo*-weighted, gradient echo, echo

planar imaging (EPI) sequences. Each vo-planar imaging (EPI) sequences. Each vo-

lume consisted of 28 slices, each 4.0 mmlume consisted of 28 slices, each 4.0 mm

thick with no gap, encompassing the entirethick with no gap, encompassing the entire

brain. The interval between two successivebrain. The interval between two successive

acquisitions of the same image (time toacquisitions of the same image (time to

repetition, TR) was 3000 ms, the time torepetition, TR) was 3000 ms, the time to

echo (TE) was 55 ms and the flip angleecho (TE) was 55 ms and the flip angle

was 90was 9088. The field of view was 256 mm. The field of view was 256 mm

and the matrix size 64and the matrix size 646664, giving voxel64, giving voxel

dimensions of 4.0 mmdimensions of 4.0 mm664.0 mm4.0 mm664.0 mm.4.0 mm.

After fMRI scanning, structural scans wereAfter fMRI scanning, structural scans were

acquired using aacquired using a TT11-weighted gradient echo-weighted gradient echo

pulse sequence (TR 12 ms, TE 4.5 ms, flippulse sequence (TR 12 ms, TE 4.5 ms, flip

angle 20angle 2088, field of view 256 mm, voxel, field of view 256 mm, voxel

dimensions 1.0 mmdimensions 1.0 mm661.0 mm1.0 mm661.0 mm), to1.0 mm), to

facilitate localisation and co-registrationfacilitate localisation and co-registration

of the functional data.of the functional data.

Image processing and statistical analysisImage processing and statistical analysis

were performed using Statistical Parametricwere performed using Statistical Parametric

Mapping (SPM) 99 software (WellcomeMapping (SPM) 99 software (Wellcome

Department of Cognitive Neurology,Department of Cognitive Neurology,

London, UK) implemented in MatlabLondon, UK) implemented in Matlab

(Mathworks, Inc., Natick, MA, USA). The(Mathworks, Inc., Natick, MA, USA). The

first two volumes of the fMRI run (pre-taskfirst two volumes of the fMRI run (pre-task

period) were discarded because the magne-period) were discarded because the magne-

tisation was unsteady, and the remainingtisation was unsteady, and the remaining

61 volumes were used for the statistical61 volumes were used for the statistical

analysis. Images were corrected for motionanalysis. Images were corrected for motion

and realigned with the first scan of theand realigned with the first scan of the

session, which served as the reference. Thesession, which served as the reference. The

TT11 anatomical images were co-registeredanatomical images were co-registered

to the first functional images in each indi-to the first functional images in each indi-

vidual and aligned to a standard stereotaxicvidual and aligned to a standard stereotaxic

space, using the Montreal Neurologicalspace, using the Montreal Neurological

Institute (MNI)Institute (MNI) TT11 template in SPM99.template in SPM99.

The calculated non-linear transformationThe calculated non-linear transformation

was applied to all functional images forwas applied to all functional images for

spatial normalisation. Finally, the fMRIspatial normalisation. Finally, the fMRI

images were smoothed with a 12 mm full-images were smoothed with a 12 mm full-

width, half-maximum Gaussian filter.width, half-maximum Gaussian filter.

Using group analysis according to a ran-Using group analysis according to a ran-

dom effect model that allowed inference todom effect model that allowed inference to

the general population (Fristonthe general population (Friston et alet al,,

1999), we first identified brain regions that1999), we first identified brain regions that

showed a significantly greater response toshowed a significantly greater response to

unpleasant word sets in comparison withunpleasant word sets in comparison with

the response to neutral word sets amongthe response to neutral word sets among

4 94 9

Fig. 1Fig. 1 Design of the study task. (a) Six alternatingblocks of taskcondition (T) trials and control condition (C)Design of the study task. (a) Six alternatingblocks of taskcondition (T) trials and control condition (C)

trials were presented successively; the total scan timewas189 s (3min and 9 s), yielding 63 images of 28 axialtrials were presented successively; the total scan timewas189 s (3min and 9 s), yielding 63 images of 28 axial

slices (1764 images). (b) Blocks of task condition and control condition trials were preceded by a baseline ima-slices (1764 images). (b) Blocks of task condition and control condition trials were preceded by a baseline ima-

ging period. Each block beganwith a cue (‘task’or ‘control’).The participant selected theword judged to be theging period. Each block beganwith a cue (‘task’or ‘control’).The participant selected theword judged to be the

most unpleasant ormost neutral in eachword set, by pressing one of three buttons. (C) Translations of typicalmost unpleasant ormost neutral in eachword set, by pressing one of three buttons. (C) Translations of typical

word sets presented in this study (left-hand block, task condition; right-hand block, control condition).word sets presented in this study (left-hand block, task condition; right-hand block, control condition).
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male and among female participants, asmale and among female participants, as

brain areas related to the cognition of un-brain areas related to the cognition of un-

pleasant word stimuli concerning bodypleasant word stimuli concerning body

image in men and women, respectively.image in men and women, respectively.

We then took the data of 13 of the 15We then took the data of 13 of the 15

women who had participated in ourwomen who had participated in our

previous study (Shiraoprevious study (Shirao et alet al, 2003, 2003aa) and di-) and di-

rectly compared the activation of the entirerectly compared the activation of the entire

brain in the male and female sub-samplesbrain in the male and female sub-samples

using the two-sample Student’susing the two-sample Student’s tt-test. The-test. The

resulting set of voxel values for each con-resulting set of voxel values for each con-

trast constituted an SPM{t} map. Thetrast constituted an SPM{t} map. The

SPM{t} maps were then interpreted by refer-SPM{t} maps were then interpreted by refer-

ring to the probabilistic behaviour ofring to the probabilistic behaviour of

Gaussian random fields. The data wereGaussian random fields. The data were

given an initial threshold at an uncorrectedgiven an initial threshold at an uncorrected

PP550.001 at the voxel level, and regions0.001 at the voxel level, and regions

about which we had anabout which we had an a prioria priori hypothesishypothesis

were reported at this threshold (Elliottwere reported at this threshold (Elliott etet

alal, 2000). For regions about which there, 2000). For regions about which there

was no clear hypothesis, a more stringentwas no clear hypothesis, a more stringent

threshold ofthreshold of PP550.05 corrected at the cluster0.05 corrected at the cluster

level of multiple comparison was used. Thelevel of multiple comparison was used. The

xx,, yy andand zz coordinates provided by SPM,coordinates provided by SPM,

which were in MNI brain space, werewhich were in MNI brain space, were

converted to theconverted to the xx,, yy andand zz coordinates incoordinates in

Talairach & Tournoux’s (TT) brain spaceTalairach & Tournoux’s (TT) brain space

(Talairach & Tournoux, 1988) using the(Talairach & Tournoux, 1988) using the

following formulae:following formulae:

(a)(a) xxTTTT¼xxMNIMNI660.880.88770.8;0.8;

(b)(b) yyTTTT¼yyMNIMNI660.970.97773.32;3.32;

(c)(c) zzTTTT¼yyMNIMNI660.05+0.05+zzMNIMNI660.880.88770.44.0.44.

Labels for brain activation foci wereLabels for brain activation foci were

obtained in Talairach coordinates usingobtained in Talairach coordinates using

the Talairach Daemon software (Researchthe Talairach Daemon software (Research

Imaging Center, University of Texas, TX,Imaging Center, University of Texas, TX,

USA), which provides accuracy similar toUSA), which provides accuracy similar to

that of neuroanatomical experts (Lancasterthat of neuroanatomical experts (Lancaster

et alet al, 2000). The labelling of areas given by, 2000). The labelling of areas given by

this software was then confirmed by com-this software was then confirmed by com-

parison with activation maps overlaid onparison with activation maps overlaid on

MNI-normalised structural images.MNI-normalised structural images.

Evaluation of pleasantnessEvaluation of pleasantness
and familiarity of the word stimuliand familiarity of the word stimuli

Each participant was asked to rate theEach participant was asked to rate the

pleasantness and familiarity of all thepleasantness and familiarity of all the

words presented in the tasks on a scalewords presented in the tasks on a scale

from 1 (very unfamiliar; very unpleasant)from 1 (very unfamiliar; very unpleasant)

to 7 (very familiar; very pleasant), immedi-to 7 (very familiar; very pleasant), immedi-

ately after scanning. For this ratingately after scanning. For this rating

procedure the list of words was presentedprocedure the list of words was presented

in randomised order in a table format.in randomised order in a table format.

RESULTSRESULTS

Rating of wordsRating of words

The ratings of familiarity with the twoThe ratings of familiarity with the two

categories of words did not significantlycategories of words did not significantly

differ among men (mean familiarity score:differ among men (mean familiarity score:

unpleasant words 3.8, neutral words 4.4,unpleasant words 3.8, neutral words 4.4,

PP¼0.054 by two-tailed Wilcoxon single-0.054 by two-tailed Wilcoxon single-

rank test) or women (mean familiarityrank test) or women (mean familiarity

score: unpleasant words 4.3, neutral wordsscore: unpleasant words 4.3, neutral words

4.3,4.3, PP¼0.456). However, all participants0.456). However, all participants

rated the unpleasant words concerningrated the unpleasant words concerning

body image as significantly more unplea-body image as significantly more unplea-

sant than the neutral words (mean pleasant-sant than the neutral words (mean pleasant-

ness score: unpleasant words 3.1, neutralness score: unpleasant words 3.1, neutral

words 4.1,words 4.1, PP¼0.007 in men; unpleasant0.007 in men; unpleasant

words 2.7, neutral words 4.1,words 2.7, neutral words 4.1, PP¼0.002 in0.002 in

women). Neither the ratings of pleasantnesswomen). Neither the ratings of pleasantness

nor the ratings of familiarity in each wordnor the ratings of familiarity in each word

category significantly differed between thecategory significantly differed between the

male and female groups.male and female groups.

Brain activationBrain activation

In men there was significantly greater activ-In men there was significantly greater activ-

ation of the left hippocampus, left superioration of the left hippocampus, left superior

temporal gyrus, left fusiform gyrus and lefttemporal gyrus, left fusiform gyrus and left

medial frontal gyrus when the emotionalmedial frontal gyrus when the emotional

decision task involved unpleasant wordsdecision task involved unpleasant words

compared with neutral words, whereascompared with neutral words, whereas

the women showed significantly greaterthe women showed significantly greater

activity of the left parahippocampal gyrusactivity of the left parahippocampal gyrus

including amygdala, left thalamus and rightincluding amygdala, left thalamus and right

caudate body in the same comparisoncaudate body in the same comparison

(Table 1, Fig. 2).(Table 1, Fig. 2).

The two-sample Student’sThe two-sample Student’s tt-test re--test re-

vealed that there was a significantly highervealed that there was a significantly higher

BOLD response in the left apical prefrontalBOLD response in the left apical prefrontal

region in men than in women during theregion in men than in women during the

unpleasant word task compared with neu-unpleasant word task compared with neu-

tral word task (Table 1, Fig. 3). No braintral word task (Table 1, Fig. 3). No brain

area showed significantly higher activationarea showed significantly higher activation

in women than in men during any of thein women than in men during any of the

tasks.tasks.

Correlation between psychologicalCorrelation between psychological
data and brain activationdata and brain activation

Among the 13 women participants, activ-Among the 13 women participants, activ-

ation in the left apical prefrontal area,ation in the left apical prefrontal area,

which was significantly lower than that inwhich was significantly lower than that in

men during the unpleasant words task,men during the unpleasant words task,

was negatively correlated with the totalwas negatively correlated with the total

EDI–2 score (Spearman’s rank-order corre-EDI–2 score (Spearman’s rank-order corre-

lation analysis: correlational coefficientlation analysis: correlational coefficient

770.699,0.699, PP¼0.008). There was no correla-0.008). There was no correla-

tion between any brain area showing signif-tion between any brain area showing signif-

icant BOLD response and the EDI–2 scoresicant BOLD response and the EDI–2 scores

or the pleasantness rating of the unpleasantor the pleasantness rating of the unpleasant

words.words.

DISCUSSIONDISCUSSION

We used the emotional decision task toWe used the emotional decision task to

examine the brain areas engaged in the per-examine the brain areas engaged in the per-

ception of unpleasant words concerningception of unpleasant words concerning

body image and to compare the patternsbody image and to compare the patterns

of brain activation in men and women.of brain activation in men and women.

Our results showed that the left medial partOur results showed that the left medial part

of the frontal gyrus, the left limbic areaof the frontal gyrus, the left limbic area

excluding the amygdala, the left superiorexcluding the amygdala, the left superior

temporal gyrus and the left fusiform gyrustemporal gyrus and the left fusiform gyrus

play an important part in processingplay an important part in processing
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Table 1Table 1 Relative increases in brain activity associatedwith unpleasant words concerning body image (task)Relative increases in brain activity associatedwith unpleasant words concerning body image (task)

and neutral words (control)and neutral words (control)

ClusterCluster BABA tt scorescore CoordinatesCoordinates11

xx yy zz

Men (Men (nn¼13)13)

Left hippocampusLeft hippocampus 696*696* 9.599.59 773232 771313 771313

Left superior temporal gyrusLeft superior temporal gyrus 2121 6.546.54 775050 7777 7788

Left fusiform gyrusLeft fusiform gyrus 2020 6.356.35 774343 772525 771717

Left medial frontal gyrusLeft medial frontal gyrus 359*359* 99 5.715.71 7744 5353 99

Left superior frontal gyrusLeft superior frontal gyrus 1010 5.345.34 771515 5151 1818

Women (Women (nn¼13)13)

Left parahippocampal gyrusLeft parahippocampal gyrus 404*404* 3737 7.087.08 771717 771313 771515

Left thalamusLeft thalamus 485*485* 6.086.08 7733 771111 1111

Right caudate bodyRight caudate body 4.654.65 1010 11 55

MenMen44womenwomen

Left apical prefrontal regionLeft apical prefrontal region 144144 99 4.364.36 771515 4949 2020

BA, Brodmann area.BA, Brodmann area.
1. Stereotaxic coordinates were derived fromTalairach & Tournoux (1988) and refer to themedial^lateral position (1. Stereotaxic coordinates were derived fromTalairach & Tournoux (1988) and refer to themedial^lateral position (xx))
relative to themidline (positiverelative to themidline (positive¼right), anterior^posterior position (right), anterior^posterior position (yy) relative to the anterior commissure) relative to the anterior commissure
(positive(positive¼anterior) and superior^inferior position (anterior) and superior^inferior position (zz ) relative to the comissural line (positive) relative to the comissural line (positive¼superior).superior).
*Areas exceeding the extent threshold of*Areas exceeding the extent threshold of PP550.05 corrected at the cluster level, all other areas exceeding the height0.05 corrected at the cluster level, all other areas exceeding the height
threshold ofthreshold of PP550.001uncorrected at the cluster level and belonging to a cluster of activationwith an extent of at least0.001uncorrected at the cluster level and belonging to a cluster of activationwith an extent of at least
140 voxels are displayed.140 voxels are displayed.
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unpleasant words concerning body imageunpleasant words concerning body image

in men.in men.

Lack of amygdalar activationLack of amygdalar activation
in menin men

Consistent with our hypothesis, the amyg-Consistent with our hypothesis, the amyg-

dala did not show significant activationdala did not show significant activation

among men; however, the gender differenceamong men; however, the gender difference

of the BOLD response in the amygdala wasof the BOLD response in the amygdala was

not significant by two-sample Student’snot significant by two-sample Student’s tt--

test.test.

The amygdala has been suggested byThe amygdala has been suggested by

many studies to be strongly associatedmany studies to be strongly associated

with stimuli signalling threat. Humanwith stimuli signalling threat. Human

lesion and imaging studies consistently indi-lesion and imaging studies consistently indi-

cate that the amygdala is concerned in fearcate that the amygdala is concerned in fear

conditioning (Morrisconditioning (Morris et alet al, 1998), in the, 1998), in the

recognition of fearful facial expressionsrecognition of fearful facial expressions

(Adolphs, 1999) and in the evocation of(Adolphs, 1999) and in the evocation of

fearful emotional responses from directfearful emotional responses from direct

stimulation (Halgrenstimulation (Halgren et alet al, 1978). The, 1978). The

amygdala is also considered to be import-amygdala is also considered to be import-

ant in the detection of environmental threatant in the detection of environmental threat

(Scott(Scott et alet al, 1997), including verbal stimuli, 1997), including verbal stimuli

(Isenberg(Isenberg et alet al, 1999). Therefore, the lack, 1999). Therefore, the lack

of significant activation in the amygdalaof significant activation in the amygdala

among men suggests that men may not pro-among men suggests that men may not pro-

cess unpleasant words concerning bodycess unpleasant words concerning body

image as fearful information, whereasimage as fearful information, whereas

women seem to do so.women seem to do so.

Medial prefrontal cortexMedial prefrontal cortex
and emotional processingand emotional processing

The significant activation in the medial partThe significant activation in the medial part

of the frontal gyrus – Brodmann areasof the frontal gyrus – Brodmann areas

(BAs) 9 and 10; medial prefrontal cor-(BAs) 9 and 10; medial prefrontal cor-

tex – was only detected in men, and theretex – was only detected in men, and there

was a significantly higher BOLD responsewas a significantly higher BOLD response

in men than in women in the left apical pre-in men than in women in the left apical pre-

frontal region (BA 9) when performing thefrontal region (BA 9) when performing the

unpleasant word task compared with theunpleasant word task compared with the

neutral word task by two-sample Student’sneutral word task by two-sample Student’s

tt-test. These results were consistent with-test. These results were consistent with

our hypothesis. Many previous studies haveour hypothesis. Many previous studies have

suggested that the medial prefrontal cortexsuggested that the medial prefrontal cortex

might have a role generally in emotionalmight have a role generally in emotional

processing. It is reported that visual stimuliprocessing. It is reported that visual stimuli

that evoke emotions, such as films orthat evoke emotions, such as films or

pictures, activated the medial prefrontalpictures, activated the medial prefrontal

cortex, and that recall of various emotionscortex, and that recall of various emotions

such as happiness, sadness and disgust,such as happiness, sadness and disgust,

and a mixture of these emotions, all sepa-and a mixture of these emotions, all sepa-

rately engaged this brain region (Lanerately engaged this brain region (Lane etet

alal, 1997; Reiman, 1997; Reiman et alet al, 1997). Several more, 1997). Several more

recent studies suggest that when peoplerecent studies suggest that when people

turn their attention inwards to assess self-turn their attention inwards to assess self-

relevant attributes or emotional awareness,relevant attributes or emotional awareness,

activity increases in the medial prefrontalactivity increases in the medial prefrontal

cortex (Johnsoncortex (Johnson et alet al, 2002; Zysset, 2002; Zysset et alet al,,

2002). The medial prefrontal cortex has2002). The medial prefrontal cortex has

connections to limbic structures, includingconnections to limbic structures, including

the amygdala, constituting an interactionthe amygdala, constituting an interaction

zone between emotional processing andzone between emotional processing and

cognitive processing (Drevets & Raichle,cognitive processing (Drevets & Raichle,

1998), and this region may have a role in1998), and this region may have a role in

modulating the emotional response in themodulating the emotional response in the

amygdala and other limbic structures. Lim-amygdala and other limbic structures. Lim-

bic structures, including the amygdala, arebic structures, including the amygdala, are

likely to respond to emotional stimuli at alikely to respond to emotional stimuli at a

sensory or perceptual level (Reimansensory or perceptual level (Reiman et alet al,,

1997), whereas the medial prefrontal cor-1997), whereas the medial prefrontal cor-

tex may be involved in the cognitive aspectstex may be involved in the cognitive aspects

of emotional processing, such as attentionof emotional processing, such as attention

to emotion, appraisal or identification ofto emotion, appraisal or identification of

emotion (Drevets & Raichle, 1998). Fromemotion (Drevets & Raichle, 1998). From

this viewpoint, the gender differencesthis viewpoint, the gender differences

detected in our study may demonstratedetected in our study may demonstrate

differences of cognitive pattern in mendifferences of cognitive pattern in men

and women. Our results suggest the poss-and women. Our results suggest the poss-

ibility that men processed the emotionalibility that men processed the emotional

decision task including words concerningdecision task including words concerning

body image more cognitively rather thanbody image more cognitively rather than

emotionally, and activation in the medialemotionally, and activation in the medial

prefrontal cortex was prominent; on theprefrontal cortex was prominent; on the

other hand, women processed this taskother hand, women processed this task

more emotionally rather than cognitively,more emotionally rather than cognitively,

and the medial prefrontal cortex did notand the medial prefrontal cortex did not

exhibit any significant activation. Bothexhibit any significant activation. Both

men and women perceived the unpleasant-men and women perceived the unpleasant-

ness of the words concerning body imageness of the words concerning body image

to the same degree, according to theirto the same degree, according to their

subjective ratings, but the fMRI data sug-subjective ratings, but the fMRI data sug-

gest that their processes are different:gest that their processes are different:

women are likely to use more intuitivewomen are likely to use more intuitive

processing whereas men use more rationalprocessing whereas men use more rational

processing. This discrepancy between theprocessing. This discrepancy between the

genders in cognitive style related to bodygenders in cognitive style related to body

image may contribute to the large genderimage may contribute to the large gender

difference in susceptibility to eatingdifference in susceptibility to eating

disorders.disorders.
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Fig. 2Fig. 2 Brain areas showing significantly greater activation during the task condition comparedwith the con-Brain areas showing significantly greater activation during the task condition comparedwith the con-

trol condition.Three-dimensional ‘look-through’ projections of statistical parametric maps of the brain regionstrol condition.Three-dimensional ‘look-through’ projections of statistical parametric maps of the brain regions

are shown (one-sample Student’sare shown (one-sample Student’s tt-test; corrected-test; corrected PP550.05 at the cluster level;0.05 at the cluster level; nn¼13; d.f.13; d.f.¼12).12).

Fig. 3Fig. 3 Brain regions showing significantly greater activation in men than inwomen during the task conditionBrain regions showing significantly greater activation in men than inwomen during the task condition

of the emotional decision task comparedwith the control condition.Clusters of activation are overlaid onto aof the emotional decision task comparedwith the control condition.Clusters of activation are overlaid onto a

TT11-weighted anatomicalmagnetic resonance image.Thewhite spots show areas of high activation.Two-sample-weighted anatomicalmagnetic resonance image.Thewhite spots show areas of high activation.Two-sample

Student’sStudent’s tt-test; uncorrected-test; uncorrected PP550.001in height;0.001 in height; nn¼26 (13 men,13 women); d.f.26 (13 men,13 women); d.f.¼24.24.
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Another possible explanation of theAnother possible explanation of the

different patterns of activation in the med-different patterns of activation in the med-

ial prefrontal cortex between men andial prefrontal cortex between men and

women may be the difference in men’swomen may be the difference in men’s

familiarity with the unpleasant word setfamiliarity with the unpleasant word set

compared with the neutral words.compared with the neutral words.

Although the ratings of familiarity wereAlthough the ratings of familiarity were

not different between men and womennot different between men and women

((PP¼0.133 by Mann–Whitney0.133 by Mann–Whitney UU test), theretest), there

was a trend for male participants to be lesswas a trend for male participants to be less

familiar with the unpleasant words con-familiar with the unpleasant words con-

cerning body image than with the neutralcerning body image than with the neutral

words (words (PP¼0.054 by two-tailed Wilcoxon0.054 by two-tailed Wilcoxon

single-rank test). When processing unfami-single-rank test). When processing unfami-

liar words concerning body image, menliar words concerning body image, men

might turn more attention inwards, andmight turn more attention inwards, and

subsequently the BOLD response in thesubsequently the BOLD response in the

medial prefrontal cortex was higher thanmedial prefrontal cortex was higher than

while processing neutral words.while processing neutral words.

Among women, correlational analysisAmong women, correlational analysis

revealed that the BOLD response in the leftrevealed that the BOLD response in the left

apical prefrontal region (BA 9), which wasapical prefrontal region (BA 9), which was

significantly lower in women than in men,significantly lower in women than in men,

was negatively correlated with total EDI–was negatively correlated with total EDI–

2 scores; in other words women with higher2 scores; in other words women with higher

EDI–2 scores exhibited lower activity inEDI–2 scores exhibited lower activity in

this brain area. These results suggest thethis brain area. These results suggest the

possibility that the apical prefrontal regionpossibility that the apical prefrontal region

might be involved in the pathophysiologymight be involved in the pathophysiology

of eating disorders.of eating disorders.

Comparison with otherComparison with other
neuroimaging studiesneuroimaging studies

To our knowledge, two fMRI studiesTo our knowledge, two fMRI studies

concerning body image distortion haveconcerning body image distortion have

investigated the effects of pictorial bodyinvestigated the effects of pictorial body

image stimuli in women with anorexiaimage stimuli in women with anorexia

nervosa and healthy controls (Seegernervosa and healthy controls (Seeger et alet al,,

2002; Wagner2002; Wagner et alet al, 2003). One study, 2003). One study

reported that patients with anorexia nervo-reported that patients with anorexia nervo-

sa showed activation in the right amygdala,sa showed activation in the right amygdala,

right fusiform gyrus and brain-stem asso-right fusiform gyrus and brain-stem asso-

ciated with stimulation with their ownciated with stimulation with their own

body image whereas healthy controlsbody image whereas healthy controls

showed activation only in the fusiformshowed activation only in the fusiform

gyrus (Seegergyrus (Seeger et alet al, 2002), and the other re-, 2002), and the other re-

ported that patients with anorexia nervosaported that patients with anorexia nervosa

showed greater activation in the prefrontalshowed greater activation in the prefrontal

cortex and the inferior parietal lobule thancortex and the inferior parietal lobule than

did controls (Wagnerdid controls (Wagner et alet al, 2003). The lat-, 2003). The lat-

ter authors explain the discrepancy betweenter authors explain the discrepancy between

these results as a consequence of the designthese results as a consequence of the design

of the task. Many differences in the experi-of the task. Many differences in the experi-

mental conditions between these studiesmental conditions between these studies

and ours make it difficult to compare theand ours make it difficult to compare the

brain activation data, but a possible expla-brain activation data, but a possible expla-

nation of the discrepancy between the studynation of the discrepancy between the study

by Wagnerby Wagner et alet al (2003) and our study is the(2003) and our study is the

age of the participants: those in the formerage of the participants: those in the former

study were adolescents (approximately 15study were adolescents (approximately 15

years old), whereas we recruited youngyears old), whereas we recruited young

adults (approximately 25 years old). Anadults (approximately 25 years old). An

fMRI study which investigated the brainfMRI study which investigated the brain

activation of adult and adolescent menactivation of adult and adolescent men

and women while processing emotionaland women while processing emotional

facial expressions reported that the adultfacial expressions reported that the adult

men and adolescents (both boys and girls)men and adolescents (both boys and girls)

showed significant activation in the bilat-showed significant activation in the bilat-

eral orbitofrontal cortex and anterior cin-eral orbitofrontal cortex and anterior cin-

gulate cortex in response to an angry face,gulate cortex in response to an angry face,

whereas the adult women showed signifi-whereas the adult women showed signifi-

cant activation in the left amygdala in addi-cant activation in the left amygdala in addi-

tion to these brain areas (McCluretion to these brain areas (McClure et alet al,,

2004). These results suggest that the pat-2004). These results suggest that the pat-

terns of neural responses to emotionalterns of neural responses to emotional

stimuli may be different in adults andstimuli may be different in adults and

adolescents.adolescents.

A positron emission tomography studyA positron emission tomography study

of gender differences in brain activationof gender differences in brain activation

patterns during recognition of emotionalpatterns during recognition of emotional

facial expressions revealed that greaterfacial expressions revealed that greater

amygdalar activation was observed inamygdalar activation was observed in

women and greater medial frontalwomen and greater medial frontal

activation was observed in men (Hallactivation was observed in men (Hall etet

alal, 2004); these authors suggest that men, 2004); these authors suggest that men

might take a more analytic approach andmight take a more analytic approach and

might regulate their emotional reaction tomight regulate their emotional reaction to

the stimuli more than women. Althoughthe stimuli more than women. Although

the categories of stimuli are different, thesethe categories of stimuli are different, these

results support our findings.results support our findings.

Study limitationsStudy limitations

Our study has some limitations. First, weOur study has some limitations. First, we

did not administer a structured interviewdid not administer a structured interview

when selecting the participants; however,when selecting the participants; however,

they had no psychiatric or neurological ill-they had no psychiatric or neurological ill-

ness at the time of their participation,ness at the time of their participation,

although we cannot rule out its occurrencealthough we cannot rule out its occurrence

in the future. Second, participants werein the future. Second, participants were

asked to rate only the unpleasantness andasked to rate only the unpleasantness and

familiarity of the words used. If we had alsofamiliarity of the words used. If we had also

asked about the fearfulness induced by theasked about the fearfulness induced by the

stimuli, we might have found gender differ-stimuli, we might have found gender differ-

ences in subjective rating and the resultsences in subjective rating and the results

with brain image data would have beenwith brain image data would have been

more clear-cut. Last, although our datamore clear-cut. Last, although our data
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CLINICAL IMPLICATIONSCLINICAL IMPLICATIONS

&& Gender differences in brain activation suggest differences betweenmen andGender differences in brain activation suggest differences betweenmen and
women in the style of cognition toward unpleasant stimuli concerning body image.women in the style of cognition toward unpleasant stimuli concerning body image.

&& This discrepancy in cognitive stylemay have relevance to the large genderThis discrepancy in cognitive stylemay have relevance to the large gender
difference in susceptibility to eating disorders.difference in susceptibility to eating disorders.

&& Themedial prefrontal cortexmay be the brain area linked to the pathophysiologyThemedial prefrontal cortexmay be the brain area linked to the pathophysiology
of eating disorder.of eating disorder.

LIMITATIONSLIMITATIONS

&& We did not use a structured interview when selecting participants.We did not use a structured interview when selecting participants.

&& We asked the participants to rate only pleasantness and familiarity of thewordWe asked the participants to rate only pleasantness and familiarity of theword
stimuli andwe could find no clear relationship between brain activation and thestimuli andwe could find no clear relationship between brain activation and the
subjective rating of thewords concerning body image.subjective rating of thewords concerning body image.

&& It is unclear whether the patterns of activation in the prefrontal areawere specificIt is unclear whether the patterns of activation in the prefrontal areawere specific
to the stimuli concerning body image.to the stimuli concerning body image.
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suggest that there is differential activationsuggest that there is differential activation

of the brains of men and women when pro-of the brains of men and women when pro-

cessing unpleasant words concerning bodycessing unpleasant words concerning body

image, we cannot conclude whether theseimage, we cannot conclude whether these

results are specific to unpleasant stimuliresults are specific to unpleasant stimuli

concerning body image or would apply toconcerning body image or would apply to

a wide range of unpleasant stimuli. Amonga wide range of unpleasant stimuli. Among

women, a lower BOLD response in the pre-women, a lower BOLD response in the pre-

frontal region compared with men whilefrontal region compared with men while

processing unpleasant words concerningprocessing unpleasant words concerning

body image exhibited a negative correlationbody image exhibited a negative correlation

with the total EDI–2 score, but it is unclearwith the total EDI–2 score, but it is unclear

whether this brain region is the focal areawhether this brain region is the focal area

responsible for susceptibility to eatingresponsible for susceptibility to eating

disorders.disorders.

In conclusion, our study revealed thatIn conclusion, our study revealed that

the paralimbic area including the amygdalathe paralimbic area including the amygdala

was activated only in women and that thewas activated only in women and that the

left medial prefrontal cortex was activatedleft medial prefrontal cortex was activated

only in men while performing the emo-only in men while performing the emo-

tional decision task with unpleasant wordstional decision task with unpleasant words

concerning body image. These resultsconcerning body image. These results

suggest that gender differences in brainsuggest that gender differences in brain

activation might explain the differences inactivation might explain the differences in

the style of cognition towards unpleasantthe style of cognition towards unpleasant

stimuli concerning body image. Furtherstimuli concerning body image. Further

studies comparing people who have eatingstudies comparing people who have eating

disorders with healthy controls and whichdisorders with healthy controls and which

include general unpleasant word stimuliinclude general unpleasant word stimuli

to contrast with words specific to bodyto contrast with words specific to body

image are needed to elucidate the neuralimage are needed to elucidate the neural

substrate responsible for the onset of eatingsubstrate responsible for the onset of eating

disorders.disorders.
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