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reflected the losses that subjects acquired before getting a large
reward. However, we also ran a regression analysis using losses and
found significant correlation in the ventroanterior region of the
insula. Anatomical and physiological studies of the insula also showed
involvement of its ventroanterior part in perception of aversive stim-
uli'’. Thus we argue that the activation of dorsoposterior insula is not
simply due to losses in the LONG condition.

Previous brain imaging and neural recording studies suggest a role
for the striatum in prediction and processing of reward®!%1421.24-29,
Consistent with previous fMRI studies®! 1%, our results showed striatal
activity correlated with the error of reward prediction. Reinforcement
learning models of the basal ganglia'!>!> posit that the striatum learns
reward prediction and action selection based on the reward prediction
error &(f) represented by the dopaminergic input. Correlation of stri-
atal activity with reward prediction error &t) could be due to
dopamine-dependent plasticity of cortico-striatal synapses™.

In lateral OFC, DLPEC, PMd, IPC and dorsal raphe, we found sig-
nificant activations in the block-design analyses, but we did not find
strong correlation in regression analyses. This may be because these
areas perform functions that are helpful for reward prediction and
action selection, but their activities do not directly represent the
amount of predicted reward or prediction error at a specific time scale.

In reinforcement learning theory, an optimal action selection is real-
ized by taking the action a that maximizes the ‘action value’ Q(s, a)ata
given state s. The action value is defined as Q(s,a) = E[ r(5,a) + Y V(5'(s,
a))} and represents the expected sum of the immediate reward (s, a}
and the weighted future rewards V(s'(s, a}), where s'(s, a) means the
next state reached by taking an action a at a state s (refs. 12,15).
According to this framework, we can see that prediction of immediate
reward r(s, a) is helpful for action selection based on rewards at either
short or long time scales, that is, with any value of the discount factor
¥. On the other hand, prediction of state transition s'(s, @) is helpful
only in long-term reward prediction with positive values of .

In the lateral OFC, we observed significant activity in both
the SHORT versus NO and the LONG versus NO contrasts
(Supplementary Table 1 online), but no significant correlation
with reward prediction V(1) or reward prediction error &(1) in
regression analysis. This suggests that the lateral OFC takes the role
of predicting immediate reward r(s, a), which is used for action
selection in both SHORT and LONG conditions, but not in the NO
condition. This interpretation is consistent with previous studies
demonstrating the OFC’s role in prediction of rewards, immedi-
ately following sensorimotor events®"*2, and action selection based
on reward prediction?>3%34,

In the DLPEC, PMd and IPC, there were significant activations in
both the LONG versus NO and the LONG versus SHORT contrasts
(Supplementary Table 1 online) but no significant correlation with
either V(t) or 8(t). A possible interpretation is that this area is
involved in prediction of future state s'(s, 2) in the LONG condition
but not in the SHORT or NO conditions. This interpretation is con-
sistent with previous studies showing the role of these cortical areas in
imagery??, working memory and planning®®’.

The dorsal raphe nucleus was activated in the LONG versus SHORT
contrast, but was not correlated with V() or &(t). In consideration of
its serotonergic projection to the cortex and the striatum and sero-
tonin’s implication with behavioral impulsivity*™®, a possible role for
the dorsal raphe nucleus is to control the effective time scale of reward
prediction’. Its higher activity in the LONG condition, where a large
setting of 'y is necessary, is consistent with this hypothesis.

Let us consider the present experimental results in light of the
anatomy of cortico-basal ganglia loops (illustrated in Supplementary
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Fig. 2). The cortex and the basal ganglia both have parallel loop organ-
ization, with four major loops (limbic, cognitive, motor and oculomo-
tor) and finer, topographic sub-loops within each major loop®. Our
results suggest that the areas within the limbic loop®, namely the lat-
eral OFC and ventral striatum, are involved in imimediate reward pre-
diction. On the other hand, areas within the cognitive and motor
loops®, including the DLPEC, IPC, PMd and dorsal striatum, are
involved in future reward prediction. The connections from the insula
to the striatum are topographically organized, with the ventral-ante-
rior, agranular cortex projecting to the ventral striatum and the dorsal-
posterior, granular cortex projecting to the dorsal striatum!? (see
Supplementary Fig. 2). The graded maps shown in Figure 6b,c are
consistent with this topographic cortico-striatal organization and sug-
gest that areas that project to the more dorsoposterior part of the stria-
tum are involved in reward prediction at a longer time scale. These
results are consistent with the observations that localized damages
within the limbic and cognitive loops manifest as deficits in evaluation
of future rewards! »3444! and learning of multi-step behaviors*2 The
parallel learning mechanisms in the cortico-basal ganglia loops used
for reward prediction at a variety of time scales may have the merit of
enabling flexible selection of a relevant time scale appropriate for the
task and the environment at the time of decision making.

A possible mechanism for selection or weighting of different cor-
tico-basal ganglia loops with an appropriate time scale is serotonergic
projection from the dorsal raphe nucleus’ (see Supplementary Fig. 2),
which was activated in the LONG versus SHORT contrast. Although
serotonergic projection is supposed to be diffuse and global, differen-
tial expression of serotonergic receptors in the cortical areas and in the
ventral and dorsal striatum?*>* would result in differential modula-
tion. The mPFC, which had significant correlation with reward predic-
tion V(¢) at long time scales (y 2 0.6), may regulate the activity of the
raphe nucleus through reciprocal connection*>*, This interpretation
is consistent with previous studies using tasks that require long-range
prospects for problem solving, such as the gambling problem' or
delayed reward task?, which showed involvement of the medial OFC.
Future studies using the Markov decision task under pharmacological
manipulation of the serotonergic system should clarify the role of
serotonin in regulating the time scale of reward prediction.

Recent brain imaging and neural recording studies report involve-
ment of a variety of cortical areas and the striatum in reward pro-
cessing®~11:16:21,23-29.32,334749  Although some neural recording
studies have used experimental tasks that require multiple trial steps
for getting rewards*”*%, none of the previous functional brain imag-
ing studies addressed the issue of reward prediction at different time
scales, and considered only rewards immediately following stimuli or
actions. We were able extract specific functions of OFC, DLPFC,
mPFC, insula and cortico-basal ganglia loops using our new Markov
decision task and a reinforcement learning model-based regression
analysis. Our regression analysis not only extracted brain activities
specific to reward prediction, but also revealed a topographic organ-
ization in reward prediction (Fig. 6). The combination of our
Markov decision task with event-related fMRI and magnetoen-
cephalography (MEG) should further clarify the functions used for
reward prediction and perception at different time scales, and at
finer spatial and temporal resolutions.

METHODS

Subjects. Twenty healthy, right-handed volunteers (18 males and 2 females,
ages 22-34 years) gave informed consent to participate in the experiment,
which was conducted with the approval of the ethics and safety commiittees of
Advanced Telecommunication Research Institute International (ATR) and
Hiroshima University.
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Behavioral task. In the Markov decision task (Fig. 1), one of three states was
visually presented to the subject using three different shapes, and the subject
selected one of two actions by pressing one of two buttons using their right
hand (Fig. 1a). The rule of state transition was the same for all conditions: s;
—3 5 — 5 ~ 55 ... for action ay,and s; —> s, — 53— s; — ... for action a,. The
rules for reward, however, changed in each condition. In the SHORT condition
(Fig. 1b), action 4, results in a small positive reward (+7, = 10, 20 or 30 yen,
with equal probabilities), whereas action a, results in a small loss (~r,) at any
of the three states. Thus, the optimal behavior is to collect small positive
rewards at each state by performing action a;. In the LONG condition
(Fig. 1¢), however, the reward setting is such that action a, gives a large positive
reward (+r, = 90, 100 or 110 yen) at state s;, and action @, gives a large loss
{-r,) at state s;. Thus, the optimal behavior is to receive small losses at states s,
and s, to obtain a large positive reward at state s by taking action 4, at each
state. There were two control conditions: the NO condition, where the reward
was always zero, and the RANDOM condition, where the reward was positive
(+r,) or negative (~r,) with equal probability, regardless of state or action.

Subjects completed 4 trials in a NO condition block, 15 trials in a SHORT
condition block, 4 trials in a RANDOM condition block and 15 trials in a
LONG condition block. A set of four condition blocks (NO, SHORT, RAN-
DOM, LONG) was repeated four times {Fig. 2a). Subjects were informed of
the current condition at the beginning of each condition block by text on the
screen (first slide in Fig. 1a); thus, the entire experiment consisted of 168 steps
(152 trial steps and 16 instruction steps), taking about 17 min. The mappings
of the three states to the three figures, and the two buttons to the two actions,
were randomly set at the beginning of each experiment, so that subjects were
required to learn the amount of reward associated with each figure-button
pair in both SHORT and LONG conditions. Furthermore, in the LONG condi-
tion, subjects had to learn the subsequent figure for each figure-action pair
and take into account the amount of reward expected from the subsequent fig-
ure in selecting a button.

fMRI imaging. A 1.5-tesla scanner (Shimadzu-Marconi, Magnex Eclipse) was
used to acquire both structural Tl-weighted images (repetition time,
TR = 12 ms, TE = 4.5 ms, flip angle = 20°, matrix = 256 x 256, FoV = 256 mm,
thickness = 1 mm, slice gaP = 0 mm) and T2*-weighted echo planar images
(TR = 6 5, TE = 55 ms, flip angle = 90°, 50 transverse slices, matrix = 64 X 64,
FoV = 192 mm, thickness = 3 mm, slice gap = 0 mm) showing blood oxygen
level-dependent (BOLD) contrasts.

Because the aim of the present study was to identify brain activity underlying
reward prediction over multiple trial steps, we acquired functional images every
6s (TR = 65), in synchrony with single trials. Although shorter TRs and event-
related designs are often used in experiments that aim to distinguish brain
responses to events within a trial>! 12126 analysis of those finer events in time
were not the focus of the current study. With this longer TR, the BOLD signal in
a single scan contained a mixture of responses for a reward-predictive stimulus
and reward feedback. However, because of the progress of learning and the sto-
chastic nature of the amount of reward, the time courses of reward prediction
V(t) and prediction error &(t) over the 168 trial steps were markedly different.
Thus, we could separate activity corresponding to reward prediction from that
corresponding to outconies by using both reward prediction V(¢) and reward
outcome r(t) in multiple regression analysis, as described below.

Data analysis. The data were pre-processed and analyzed with SPM99
(www.fil.ion.ucl.ac.uk/spm/spm99.html). The first two volumes of images
were discarded to avoid T1 equilibrium effects. The images were realigned to
the first image as a reference, spatially normalized with respect to the Montreal
Neurological Institute EPI template, and spatially smoothed with a Gaussian
kernel (8 mmy, full-width at half-maximum).

We conducted two types of analysis. One was block-design analysis using
four boxcar regressors covering the whole experiment, convolved with a
hemodynamiic response function as the reference waveform for each condition
(NO, SHORT, RANDOM, LONG). We did not find substantial differences
between SHORT versus NO and SHORT versus RANDOM contrasts, or
between LONG versus NO and LONG versus RANDOM contrasts. Therefore
we report here only the results with the NO condition as the control condition.
The other method was multivariate regression analysis using explanatory vari-

ables, representing the time course of the reward prediction V(1) or reward
prediction error &(1) at six different timescales v, estimated from subjects’ per-
formance data (described below).

In both analyses, images of parameter estimates for the contrast of interest
were created for each subject. These were then entered into a second-level
group analysis using a one-sample ¢ test at a threshold of P < 0.001, uncor-
rected for multiple comparisons (random effects analysis) and extent thresh-
old of four voxels. Small-volume correction (SVC) was done at a threshold of
P < 0.05 using an ROI within the striatum (including the caudate and puta-
men), which was defined anatomically based on a normalized T1 image.

Procedures of performance-based regression analysis. The time courses of
reward prediction V() and reward prediction error &(1) were estimated from
each subject’s performance data—state s(t), action «a(t) and reward r(t)—as
described below.

Reward prediction. To estimate how much of a forthcoming reward a subject
would have expected at each step during the Markov decision task, we took the
definition of the value function (equation 1) and reformulated it based on the
recursive structure of the task. Namely, if the subject starts from a state s(t) and
comes back to the same state after k steps, the expected cumulative reward V(1)
should satisfy the consistency condition V() = r(t + 1) + v r(t + 2} + ...
+y R k) + v V().

Thus, for each time # of the data file, we calculated the weighted sum of the
rewards acquired until the subject returned to the same state and estimated the
value function for that episode as

‘}(t)_[r(r +D)+yr+ 2)+ A+ (e B)]

-y M
The estimate of the value function V(1) at time t was given by the average of all
previous episodes fron: the same state as at time ¢

v =—i—§\?(t,)

where {1, .... 1} are the indices of time visiting the same state as s(1), that is,
s(n) = ... =s(t;) = s(1).

Reward prediction error. The TD error (equation 2) was calculated from the
difference between the actual reward r{t) and the temporal difference of the
estimated value function V(t).

We separately calculated the time courses of V(1) and (1) during SHORT
and LONG conditions; we concatenated data of four blocks in the SHORT
condition, and calculated V(¢) and &(1) as described above. We used the same
process for the LONG condition data. During the NO and RANDOM condi-
tions, the values of V(¢) and &(t) were fixed at zero. Finally, we reconstructed
the data corresponding to the real time course of the experiment. Examples of
the time course of these variables are shown in Supplementary Figure 1
online. We used either V(1) or §(1) as the explanatory variable in a regression
analysis by SPM. To remove any effects of factors other than reward predic-
tion, we concurrently used other variables in the regression, namely the four
box-car functions representing each condition (NO, SHORT, RANDOM,
LONG). Because the immediate reward prediction V() with ¥y = 0 can coin-
cide with reward outcome r(t) if learning is perfect, we included the reward
outcome r(f) in regression analyses with V(). Thus, the significant correla-
tion with V(t) (Fig. 6a,b) should represent a predictive component rather
than a reward outcome.

The amplitude of explanatory variables &{1) with all Y were large in carly trials
and decreased as subjects learned the task (Supplementary Fig. 1 online). This
decreasing trend causes a risk that areas that are activated early in trials, such as
those responsible for general attentiveness or novelty, have correlations with
&(t). Because our aim in regression analysis was to clarify the brain structures
involved in reward prediction at specific time scales, we removed the areas that
had similar correlation to §(t) at all settings of ¥ from considerations in Figure 6
and Supplementary Table 3 online. To compare the results of regression analysis
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with six different values of Y, we used display software that can overlay multiple
activation maps in different colors on a single brain structure image. When a
voxel is significantly activated in multiple values of ¥, it is shown by a mosaic of
multiple colors, with apparent subdivision of the voxel (Fig. 6).

Note: Supplementary information is available on the Nature Neutroscience website.
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Abstract Behavioral disinhibition in Go/No-Go task
is thought to be associated with impulsiveness in hu-
mans. Recent imaging studies showed that neural cir-
cuits involving diverse areas of the frontal cortex and
other association cortex sites such as the parietal cortex
are implicated in the inhibition of response during No-
Go trials. The aim of the present study was to investigate
the association between regional cerebral activation
during No-Go trials and impulsiveness. Seventeen right-
handed healthy volunteers participated in the study. We
used functional magnetic resonance imaging to mea-
sure the brain activation during a Go/No-Go task. The
Barratt Impulsiveness Scale, 11™ version (BIS-11) was
used to measure impulsiveness. Activated regions in-
cluded the right middle frontal gyrus and the inferior
parietal lobe, which is consistent with previous neu-
roimaging studies. A negative correlation was observed
between the motor impulsiveness of BIS-11 and No-Go-
related activation in the right dorsolateral prefrontal
cortex (RDLPFC). Our results suggest that the RDLPFC
is the area most sensitive to differences in individual
motor impulsiveness and its activity may be an indica-
tor of the individual capacity for response inhibition.
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Introduction

Impulsiveness is a dimensional personality trait that is
important for a wide range of different human behav-
iors. Although a strict definition of impulsiveness is dif-
ficult to establish, biological, psychological and social
studies have regarded impulsiveness as ‘a predisposition
toward rapid, unplanned reactions to internal or exter-
nal stimuli without regard to the negative consequences
of these reactions to the impulsive individual or to oth-
ers’ [34]. Recent laboratory investigations of impulsive-
ness showed two dominant models: (1) Reward-delay
impulsivity, which is the inability to delay reward and
leads to an increased tendency to choose immediate
small rewards over larger delayed ones [35]; and (2)
Rapid-response impulsivity,which is the inability to con-
form responses to environmental context and leads to
errors of commission on tests that require careful check-
ing of stimuli [16]. The latter model appeared to be more
closely related to trait impulsiveness, which was mea-
sured by the Barratt Impulsiveness Scale (BIS), a popu-
lar self-reporting impulsiveness scale [37], and was in-
creased in subjects with a lifetime Axis I or Axis II
diagnosis [49].

The ability to inhibit behavioral responses that are
inappropriate in the current context is a response inhi-
bition essential for normal behavior,and is thought to be
associated with Rapid-response impulsivity in humans.
This inhibitory function has been investigated fre-
quently using the Go/No-Go task, in which the partici-
pants are required to refrain from responding to desig-
nated items within a series of stimuli. The prefrontal
cortex (PFC) has been implicated in behavioral inhibi-
tion, based on animal, clinical and neuroimaging stud-
ies. Studies in monkeys demonstrated that lesions in the
PFC resulted in difficulties in behavioral inhibition [8,
24, 45), as well as the studies of patients with lesions in
the same region [22]. Recent neuroimaging studies us-
ing PET or fMRI have shown a right hemispheric domi-
nance of inhibitory control that involves diverse areas of
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the frontal cortex and other association cortex sites,
such as the parietal cortex, which are implicated in re-
sponse inhibition during No-Go trials [21, 26, 30]. Al-
though human impulsiveness was revealed to associate
with some biological markers [1, 17, 42, 50], the region
of the brain that is directly correlated with human im-
pulsiveness is still unclear.

Some experiments used only behavioral laboratory
measurements of impulsiveness [11, 21], which do not
incorporate the cognitive or social aspects of impulsive-
ness and do not measure long-term patterns of behav-
ior. This may explain the inconsistency in the findings of
those previous studies [9, 33, 38]. Another way to exam-
ine impulsiveness is to use self-reporting measurements
such as BIS, which has the advantage of generating in-
formation on a variety of types of acts and on whether
these acts continue as long-term patterns of behavior. In
general, a closer association and a greater consistency
has been demonstrated among different self-report im-
pulsiveness scales [3,9, 15].

The aim of the present study was to clarify the brain
areas associated with impulsiveness, as measured by
BIS-11. Based on the studies cited above, we hypothe-
sized that the degree of activation in some areas within
the right hemispheric dominance of neural networks
was correlated with the degree of impulsiveness.

Methods

Subjects

Seventeen right-handed healthy volunteers (10 men and 7 women),
aged 23-30 years (mean: 25.1 years), and with no history of neuro-
logical or psychiatric illness, participated in the study. Handedness
was assessed by the Edinburgh Handedness Inventory [36]. The sub-
jects were recruited from the Kansai area in Japan and were paid
¥7,000 for their participation in the study. The study was conducted
under a protocol that was approved by the Ethics Committee of Hi-
roshima University School of Medicine. All subjects submitted in-
formed written consent of their participation.

Barratt Impulsiveness Scale, 11th version

The BIS-11 [37], a short questionnaire designed to measure impul-
siveness, has been validated in impulsive and normal populations.
The questionnaire contains a total of 30 items, each of which is an-
swered on a 4-point Likert scale (rarely/never = 1, occasionally = 2, of-
ten =3, almost always/always=4), and the level of impulsiveness is
calculated by summing up the scores for each item. All items are de-
fined as identifying impulsiveness within the structure of related per-
sonality traits and are divided into three subscales: attention (inat-
tention and cognitive instability), motor (motor impulsiveness and
lack of perseverance), and non-planning (lack of self-control and in-
tolerance of cognitive complexity). The Japanese version of the BIS-
11 was developed using a back-transiation method and was judged to
be a reliable and valid measure in the Japanese population [47]. Sub-
jects completed the BIS-11 after the task procedure.

Experimental tasks

The task consisted of eight alternating 36-s epochs of Go and No-Go
conditions. During the experiment, subjects viewed a series of letters

once every 1500 ms and responded with a key press to every letter ex-
cept the letter X', to which they were instructed to withhold response.
Al subjects responded using the forefinger of the right hand. Stimu-
lus duration was 500 ms and the interstimulus interval was 1000 ms
for both conditions. Subjects were instructed to try to respond while
the stimulus was on the screen. In the Go (control) condition, subjects
were presented a random sequence of letters other than the letter X,
In the No-Go condition, subjects were presented with the letter X’
50 % of the time, thus requiring a response to half the trials (Go tri-
als) and a response inhibition to the other half (No-Go trials). The
high frequency of targets was maintained across the entire experi-
ment, which generated a compelling tendency to respond. In order to
ensure correct performance, the subjects were trained outside the
task scanner until they understood the task completely. Motor re-
sponses were made using a fiber-optic response pad (Current Designs
Inc, Philadelphia). The task consisted of eight blocks, each of which
continues without being preceded by an instruction. The subjects
could not distinguish the boundary between the conditions; there-
fore, different strategies are not imposed on the subject for the differ-
ent conditions.

MRl acquisition

Functional magnetic resonance imaging (fMRI) was performed using
a Magnex Eclipse 1.5T Power Drive 250 (Marconi Medical Systems,
USA). A time-course series of 107 volumes was acquired with T2*-
weighted, gradient echo, echo planar imaging (EPI) sequences. Each
volume consisted of 38 slices, and the slice thickness was 4.0 mm with
no gap to cover the entire cerebral and cerebella cortex. The interval
between two successive acquisitions of the same image (TR) was 4000
ms, echo time (TE) was 55 ms, and the flip angle was 90°. The field of
view was 256 mm, and the matrix size was 64 x 64, giving voxel di-
mensions of 4.0 x4.0 x 4.0 mm. After functional scanning, structural
scans were acquired using Tl-weighted gradient echo pulse sequence
(TR =12 ms; TE=4.5 ms; Flip angle =20° FOV =256 mm; voxel di-
mensions of 1.0 x 1.0 x 1.0 mm), which facilitated the localization and
coregistration of functional data.

Analysis

The image data were analyzed by statistical parametric mapping
(SPM99 software from the Wellcome Department of Cognitive Neu-
rology, London, UK} implemented in Matlab (Mathworks Inc., Sher-
born, MA). The first three volumes of each fMRI run (prescan period)
were discarded because the magnetization was unsteady. The re-
maining 104 volumes were used for the statistical analysis. Images
were corrected for motion and realigned, using the first scan of the
session as a reference. T1 anatomical images were coregistered to the
first functional scans and aligned to the T1 template included in
SPM99. The calculated nonlinear transformation was applied to all
functional images for spatial normalization. Finally, the functional
images were smoothed with an 8 mm full-width, half-maximum
(FWHM) Gaussian filter. Using group analysis according to arandom
effect model {18], we identified regions that showed significant re-
sponses to the No-Go condition compared with that of the Go condi-
tion as areas related to response inhibition. The group analysis con-
sisted of two levels. In the first level, the signal time course of each
subject was modeled with a delayed box-car function convolved with
a hemodynamic response function in the context of a general linear
model. One contrast image per subject was created by contrasting the
No-Go conditions with the Go conditions. These images were entered
into a one-sample t-test, which allowed us to identify regions of the
brain that were significantly activated by the response inhibition
function during the No-Go condition as compared to the Go condi-
tion. The resulting foci were then characterized in terms of spatial ex-
tent (k) and peak height (u). The significance of each region was esti-
mated using distribution approximations from the theory of
Gaussian fields. This characterization is in terms of the probability
that a region of the observed number of voxels (or greater) could have
occurred by chance (extent threshold) over the entire volume ana-
lyzed. After locating and analyzing areas of the brain that showed sig-
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nificant activation during the No-Go condition, we then performed a
regression analysis on these areas only, to determine the association
between the magnitude of brain activation in each area and the scores
of the BIS-11. Activations were reported if they exceeded p <0.001
(uncorrected) on the single voxel level and p <0.05 (corrected) on the
cluster level. In regression analysis, we masked with the regions that
showed significant responses to the No-Go condition compared with
that of the Go condition,as the areas related to response inhibition de-
scribed above, to avoid identifying regions that were not activated for
the No-Go condition compared with the Go condition. However,
when using a lower threshold, an activation that was at a lower level
but consistent with the significant activation noted above was seen
over more widespread areas of the brain. This occurred because the
threshold for this mask was set at p <0.05 and larger areas are in-
cluded in the final analysis of the response inhibition data. Therefore,
significance was considered at a threshold of p<0.001 and an extent
of > 40 contiguous voxels. Labels for brain activation foci were ob-
tained in Talairach coordinates using the Talairach Demon software,
which provides an accuracy similar to that of neuroanatomical ex-
perts [28].

Behavioral analysis

Errors of commission (response to‘X’) and omission (not to response
to targets) were recorded, and the average response times to targets
were calculated for each subject.

Results
Behavioral and BIS-11 results

Subjects performed well on the task, making a few com-
mission errors (7.3 %) and a few omission errors (1.3 %).
The response times fo targets averaged 325.8+20.8ms.
Average scores of the total BIS-11, attention-key, motor-
key and non-planning-key were 68.9%11.0, 19.7%3.3,
21.1% 4.1 and 28.1 5.3, respectively. Some correlation
was detected among the BIS-11 scales. The total score of
BIS-11 was strongly correlated with all of the 3 subscales
(attention-key: r=0.69, p<0.01; motor-key: r=0.89,
p <0.01; non-planning-key: r=0.93, p<0.01). Among
the subscales, the non-planning-key and attention-key
(r=0.51, p <0.05), or non-planning-key and motor-key
(r=0.79, p<0.01) were correlated. There was also a
trend between attention-key and motor-key, though not
significant (r = 0.48, p = 0.05). These results were natural
because the BIS-11 has sufficient internal consistency
reliability [47]. No correlation was observed between the
performance data (i. e., number of commission errors or
omission errors, average response time to targets) and
the BIS-11 scores.

fMRI data

For fMRI data analysis, the threshold for activation was
set at p <0.001 for voxel level. In Fig.1 and Table 1, the
activation, which was corrected for multiple compar-
isons at the extent threshold of p <0.05, is shown. Four
independent areas of activation, which were predomi-
nantly right-lateralized, were observed to underlie re-
sponse inhibition. These areas, including the Talairach
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Fig.1 Statistical parametric maps of brain regions (on the second level group
analysis for the 17 subjects) showing significant activation associated with the NO-
GO condition, compared with the GO condition at a statistical threshold of
P < 0.001 {uncorrected) on the single voxel level and P < 0.05 (corrected) on the
cluster level. For exact coordinates, see Table1. Clusters of activation are shown as
through-projections onto representations of standard stereotactic space. Sagittal
side view; coronal view from back; transverse view from above

coordinates of their centers-of-mass, are presented in
Table 1. The No-Go condition, in comparison to the Go
condition, resulted in the significant activation of the
right middle and superior temporal gyrus, the right pre-
central gyrus, the right middle frontal gyrus, and the
right cuneus and precuneus.

Regression analysis revealed a significant negative
correlation between the motor-key score of BIS-11 and
the magnitude of brain activation during response inhi-
bition in the right middle frontal gyrus (x,y, z= 34, 22,
29; area 9; t-value = 5.66; 42 voxels; r=-0.93; p <0.01)
showed in Fig.2A, B. Other BIS-11 scores (i. e., total BIS-
11, attention-key and non-planning-key) did not show a
significant association with the magnitude of brain ac-
tivation during response inhibition. Furthermore, no
significant correlation was observed between the per-
formance data {i.e., the number of commission errors
and omission errors, response time) and the magnitude
of brain activation during response inhibition.

By analyzing the mean percentage signal changes in
the regions shown in Fig. 1 and Table 1, we sought to find
the possible functional connectivity among the regions
concerning response inhibition. Consequently, we de-
tected a correlation between the areas including the
right middle frontal/the right precentral gyrus and the
right cuneus/precuneus (r = 0.65, p <0.01). There was no
correlation between the other regions.
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Table 1 Brain areas significantly activated during

o Cluster level Voxel level
response inhibition
Area BA p k p T X y z
R superior temporal gyrus 2 0000 1193 0.003  9.82 58 -42 18
R middle temporal gyrus 37 0095  7.05 60 52 8
R middle temporal gyrus 37 0153 6.67 52 =60 10

R middle frontal gyrus
R precentral gyrus

R middle frontal gyrus
R middle frontal gyrus
Rmiddie frontal gyrus
R cuneus

R cuneus

R precuneus

0.003 276 0.133 6.78 26 4 50
0.983 4.42 44 12 38
9 0.005 258 0.177 6.55 40 34 30

46 0.288 6.15 48 30 18
46 0.639 5.38 52 26 26
7 0.001 332 0.230 6.34 24 -76 40
19 0.292 6.14 34 -74 34
7 0.596 5.46 10 -66 52

The names of areas described above point to the peaks of activation within each cluster

p corrected p vatues for spatial extent (cluster level p value) and peak height (voxel level p value) of the activa-
tion: all areas exceeding the corrected cluster level threshold of 0.05 are displayed; k number of voxels in cluster;
Ttscore; x, y, z localization according to the standard Talairach coordinates (in mm); L left; R right

Abean % sivnal change in RBLPLHC

N 16 i 24 AN
NMotar impulsis eness senre

Fig.2 A Statistical parametric maps of brain region (on the regression analysis for the 17 subjects) showing significant activation negatively associated with the motor-
key score of BIS-11, within the areas activated during response inhibition, at a statistical threshold of P < 0.05 (uncorrected) on the single voxel level and P < 0,05 (cor-
rected) on the cluster level. The region corresponds to the RDLPFC: x, y, z = 34, 22, 29; area 9; t-value = 5.66; 42 voxels. Clusters of activation are shown as through-projec-
tions onto representations of standard stereotactic space. Sagittal side view; coronal view from back; transverse view from above. B Correlation between mean percentage
of signal change within the RDLPFC shown in Fig. 2A and the motor-key scores of BIS-11. The correlation coefficient is r = ~0.93; p < 0.01

Discussion

In the present study, we examined the brain areas asso-
ciated with impulsiveness as measured by BIS-11 in
healthy volunteers. We have shown a significant negative
correlation between the motor-key score of BIS-11 and
the magnitude of activation in the right dorsolateral
prefrontal cortex (RDLPFC) during the No-Go condi-
tion compared to that of the Go condition (i.e., as the
motor-key score of BIS-11 increases, the signal intensity
seen in the region including the RDLPFC decreases).
These results suggest that the RDLPFC may play a more

important role in response inhibition in motor in-
hibitory control than other brain regions.

We used BIS-11, a self-report measure, in the assess-
ment of impulsiveness. This scale was designed to mea-
sure temperament, a long lasting characteristic of the
personality of the subject. In addition, we can gather
consistent information that is not affected by experi-
mental methods or tasks. Our results illuminated the
motor impulsiveness of BIS-11 as only a subscale, which
has a significant association with the activation in the
RDLPFC during response inhibition. Although the BIS-
11 and its subscales have sufficient internal consistency
reliability, other subscales did not show any association
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between any brain regions activated during response in-
hibition. That may be because the Go/No-Go task we
employed is a task emphasized on the motor response
inhibition. Barratt (1994) reported that college students
scored higher on average for motor impulsiveness than
a mixed adult population and lower for cognitive impul-
siveness, whereas a group of psychiatric inpatients
scored high mainly on the non-planning impulsiveness
{2]. This indicates that motor impulsiveness is more sen-
sitive than other subscales of BIS (i. e. cognitive impul-
siveness and non-planning impulsiveness) in young
healthy persons and supports our result, which illumi-
nated motor impulsiveness in our comparatively young
(25.1 years old on average) healthy subjects.

In this study, brain activation associated with suc-
cessful response inhibition was observed as a distrib-
uted network in the right hemisphere, which was con-
sistent with the results of previous functional brain
imaging studies that suggest right hemisphere regions,
including the RDLPEC, the inferior parietal cortex and,
medially, the anterior cingulate cortex (ACC), are espe-
cially important for inhibitory control [6,7,13,20,21,27,
43]. In particular, the importance of the RDLPFC was
emphasized after regression analysis. The RDLPFC is
one of the most consistently activated areas in regard to
inhibitory control, and is thought to participate in the
active suppression of inappropriate movement and be-
havior. The right lateral prefrontal regions have been
shown to be activated in countering proactive interfer-
ence [7], set-shifting involving the inhibition of the pre-
vious rule in the Wisconsin Card Sorting task [27], re-
sponse inhibition in the Stop paradigm [39, 43},
suppression of imitative behavior {5], and a range of
clinical disinhibition syndromes that follow right hemi-
sphere damage [46, 48]. In addition to being involved in
the suppression of movement and behavior, the
RDLPFC is also associated with the voluntary suppres-
sion of a positive emotional reaction, such as sexual
arousal [4], and the voluntary suppression of a negative
emotion, such as sadness [29]. These facts indicate that
the RDLPFC is a key structure involved in the variety of
inhibitory control.

We did not observe any significant correlation be-
tween the performance data (i.e., the number of com-
mission errors and omission errors, response time) and
the magnitude of brain activation during response inhi-
bition. This result is not consistent with the results of
Garavan etal. (1999), which suggest that the faster a sub-
ject was in responding to the targets, the greater the sig-
nal intensity seen in the regions, including the right in-
ferior frontal cluster and the left inferior parietal lobule
cluster, during response inhibition [21]. Comparing our
performance data with theirs, the percentage of com-
mission errors and omission errors are almost the same.
Therefore, it may be difficult to interpret the inconsis-
tency simply as the task level of difficulty. Another pos-
sible interpretation is the difference of strategies in exe-
cuting the task. The response time to targets and the
accuracy of responses are conflicting natures in execut-
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ing the Go/No-Go task. Both of these parameters may be
sensitive and variable to the difference in strategies each
subject used to emphasize the response time to targets
or the accuracy of responses, when they are demanded
to manage both. Actually, the mean response time to tar-
gets in our subjects (326 ms) was considerably shorter
than that of the subjects in the other study (460 ms).

Casey etal. (1997) showed a significant negative cor-
relation between the number of commission errors and
the volume of activation in the orbital frontal gyrus [11].
Regrettably, our experimental conditions did not show a
significant activation in the orbitofrontal cortex, as did
other fMRI studies. This inconsistency may be due to the
difference of methods employed. The correlation the
other studies observed maybe reflected the develop-
mental difference between adults and children, because
those studies mixed adults and children as subjects in
their experiment. In fact, those studies also showed that
the volume of activation was significantly greater in
children relative to adults when performing the No-Go
condition of the task. However, the location of activation
in the PFC was not different between the age groups.
This observation may be due to susceptibility effects at
the air-tissue interface in the perinasal sinuses, which
renders orbitofrontal activation difficult to observe in
fMRI. However,lesion studies in animals and in humans
have traditionally implicated the orbitofrontal cortex in
behavioral inhibition [19]. Therefore, we cannot exclude
a potential role of the orbitofrontal cortex in inhibitory
control based on fMRI data.

Liddle etal. (2001) [30] reported that the activation of
ACC during No-Go trials was not substantially greater
than that during Go trials under circumstances in which
No-Go trials and Go trials were equally probable. In ad-
dition, they reported that the activation of ACC was re-
lated to decision formation and monitoring, rather than
to response inhibition. These results may explain why
our results have not shown activation in the ACC. We
used a standard blocked design [11] in this study as a
way to provide and maintain a high level of prepotent re-
sponse. Randomly presenting an equal number of Go
and No-Go stimuli would have eliminated a buildup of a
prepotent response. In such a situation, the subjects
were required to malke and monitor decisions attentively
during both conditions, which might result in little dif-
ference between the activation of the ACC during No-Go
conditions and that during Go conditions.

In addition to those areas discussed above, we de-
tected activities in other areas including the right middle
frontal/the right precentral gyrus (frontal cortex) and the
right cuneus/precuneus {parietal cortex). Moreover, a
correlation was detected between both areas by analyz-
ing the mean percentage signal changes in the regions
during response inhibition. The observed activation in
these two areas might be related to motor imagery, which
isdefined as the mental simulation of amotoract[12,14],
and is reported from neuroimaging studies to share
neural substrateswith those underlying motor execution
[31, 40, 41]. The precentral sulcus at the level of middle
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frontal gyrus and the posterior superior parietal/pre-
cuneus were reported to be activated more during motor
imagery than the motor execution [23] and are thought
to correspond to a ‘negative motor area’ where electrical
stimulation causes a cessation of movement [32] because
activity for inhibiting movement would be needed dur-
ing motor imagery. Therefore, our observation that these
areas are activated may be reasonable.

One of the most important issues of the present re-
sults is why high impulsive subjects perform as well as
low impulsive subjects with less activity in the RDLPFC.
It may be possible to explain this by the fact that a para-
metric manipulation of the ratio between Go and No-Go
stimuli revealed the RDLPFC increases as inhibitory
difficulty decreased, that is, as the relative numbers of
No-Go stimuli increased, thereby diminishing response
prepotency [10, 13]. That is thought to reflect the im-
portance of maintaining relevant stimulus information
against interference from competing non-target stimuli.
Therefore, the high impulsive subjects with less activa-
tion in the RDLPFC may have less capacity left for re-
sponse inhibition than that of less impulsive subjects.
However, some fMRI studies concerning working mem-
ory showed an increased activity in the PFC with in-
creasing memory loads, possibly due to a limited capac-
ity of the system for controlled processing [25, 44].
Therefore, the relationship between the task difficulty
and the activation in the PFC may depend on the tasks
which require different processes of cognitive functions.
Further studies are needed to clarify this issue.

One of the limitations of this study is that a block de-
sign was used for investigating motor response suppres-
sion. When employing block design, it is difficult to con-
trol for the difference in frequency of motor responses
between blocks that differ in the proportion of Go and
No-Go events. Casey etal. (1997) tried to avoid this dif-
ficulty by comparing the epochs containing Go and No-
Go responses with two baseline conditions that con-
tained only Go trials. One baseline was established from
a frequency of Go trials that matched that in the No-Go
condition (ensuring approximate matching of number
of motor responses), while the other baseline was estab-
lished with the total number of trials matching the No-
Go condition (ensuring matching of the number of
stimuli presented) [11]. Their results showed that the
same areas were activated during No-Go conditions and
Go conditions in both contrasts. Together, these results
may support the validity of our study using the latter
baseline. Another possible limitation is in measuring
impulsiveness using questionnaires, which are subjec-
tive. Shortcomings on self-report measures include the
need to rely on the honesty of the individuals complet-
ing the questionnaire.

Conclusion

We observed a negative correlation between the motor
impulsiveness assessed by BIS-11 and the activation of

the RDLPFC during response inhibition in healthy sub-
jects. Our findings highlight the importance of the ac-
tivity in the RDLPFC as the area most sensitive to the
differences in individual motor impulsiveness, even in
the healthy subjects. However, the role of the RDLPFC
remains unclear, thus, further studies are needed.
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*+ Abstract The auditory sensory gating system modu-
lates its sensitivity to incoming stimuli and prevents
higher brain functions from sensory overload in the pri-
mary auditory cortex. We investigated whether visually
evoked emotional stimuli affect auditory sensory gat-
ing. Magnetic P50 (P50m) suppression was evaluated by
magnetoencephalography in fifteen healthy subjects
while they viewed slides varying in emotional valence
and arousal. The ratio of strength of dipole moments of
the 2" to the 1% P50m and the anatomical location of
their sources were calculated. Negatively valenced slides
significantly attenuated P50m suppression, as compared
to neutral ones, while the effects of positive slides were
insignificant. No effects on latencies or the location of
P50m sources were observed. Thus, negative emotional
stimuli may modulate sensory gating.
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Introduction

Sensory gating is defined as the pre-attentive ability of
the brain to modulate its sensitivity to an incoming
stimulus, and is hypothesized to be a protective mecha-
nism that prevents sensory overload of higher brain
functions by filtering out the irrelevant sensory input
(Braff and Geyer 1990). Deficit in sensory gating could
result in an overload of irrelevant stimuli, which in turn
may lead to perceptual and attentional impairments as-
sociated with psychiatric disorders such as schizophre-
nia (McGhie and Chapman 1961).

A paired click paradigm is used to evaluate the audi-
tory sensory gating. In this paradigm, two identical
stimuli (1% conditioning stimulus and 21: test stimulus)
are presented with a short inter-stimulus interval (ISI)
of 500 ms and a longer inter-pair interval. The P50 ap-
pears as a positive peak in electroencephalography
(EEG), at about 50 ms after the stimulus onset. Under
normal conditions the amplitude of the P50 for test
stimuli is smaller than that for conditioning stimuli,and
this suppression of P50 is typically quantified as a ratio
(S2/81). This phenomenon is referred to as P50 suppres-
sion (Adler etal. 1982).

Magnetoencephalography (MEG) offers a non-inva-
sive method for functional brain studies with high tem-
poral resolution equal to that of EEG, but it enables more
accurate source localization. MEG measures selectively
the activity from tangential sources and is well suited for
the measurement and localization of primary auditory
cortical activity (Hdmaéldinen etal. 1993). MEG studies
indicate that the magnetic P50 (P50m) counterpart is
generated in the superior aspects of temporal lobes, near
the primary auditory cortex (Hari et al. 1980; Reite et al.
1988; Mikeld et al. 1994).

Cognitive and affective processing are two basic in-
teracting modes of information processing (LeDoux
1993). Several studies have shown that emotional visual
stimuli can have an effect on visual evoked potentials
(VEPs), especially late component P300 in healthy sub-
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jects (Lang etal. 1990; Laurian etal. 1991; Kayser etal.
1997; Cuthbert etal. 2000). Only a few studies have in-
vestigated the effect of visual emotional stimuli on au-
ditory information processing and have shown that
emotional stimuli may in fact affect auditory processing
(Schupp etal. 1997; Surakka et al. 1998). However, the ex-
act role of the interaction between emotion and cogni-
tion remains to be elucidated. In this study, we examined
whether visually evoked emotional stimuli could affect
auditory sensory gating, as measured by P50m suppres-
sion in healthy subjects.

Meﬂ%@dsrﬂ

Subjects

Fifteen healthy, right-handed volunteers (14 males and 1 female),
aged 22-38 years (mean age 29.5+5.1y), participated in the experi-
ment consisting of three sessions in a randomized order. The subjects
reported having no history of neurological or psychiatric disorders or
of any drug use for 2 weeks before the study. Because acute nicotine
ingestion within 0.5 h of testing may alter P50 suppression, subjects
were not permitted to smoke at least 1 h before until the end of the
measurement (Adler et al. 1992).Informed consent was obtained from
each subject according to institutional guidelines, and the study was
approved by an institutional ethical committee.

Task procedure

During the MEG recording, the subject sat in a comfortable chair in a
magnetically shielded room. The auditory evoked magnetic fields

Fig.1 Schematic diagram of the stimu-
lus sequences in the three experimental
conditions. Auditory stimuli (60dBHL,

were recorded with a 204 channel MEG (Neuromag Ltd., Finland).
The paired-click paradigm with an inter-click interval of 500 ms with
click pairs (0.1 ms, 60dB above the individually determined subjective
hearing threshold) separated by 8 s inter-pair was used. The stimuli
were delivered binaurally to subjects through a non-magnetic, echo-
free plastic tube system, because all previous studies which investi-
gated P50 suppression have used bilateral stimuli (Adler etal. 1982;
Braff etal. 1990; Adler etal. 1992; Light et al. 1999; Patrick etal. 1999;
Adler etal. 2001), and the ipsilateral P50 response to monoaural stim-
uliis so small that it is difficult to detect. Three hundred digitized pic-
tures (one hundred per category) were chosen from the International
Affective Picture System (IAPS) (Lang et al. 1997). The categories were
negative, neutral, and positive (e. g., mutilations, buildings, and pleas-
ant Jandscapes, respectively). The visual stimuli were presented by
projection onto a screen during the interval of click pair presentation
for 6 s, from 1 s after the second click to 1 s before the first click of the
next pair (Fig.1). The viewing distance was 3 m, and light was
dimmed during the measurement. Three sessions were recorded for
15 minutes per session in a randomized order. The subjects rated their
experiences evoked by stimuli, on two dimensions: valence and
arousal (Lang et al. 1997). The ratings were made on a nine-point vi-
sual analog scale. The valence scale varied from unhappy to happy.
The arousal scale varied from calm to highly arousing.

Neuroimaging data collection

The position of the subject’s head relative to the recording instrument
was determined by measuring the magnetic fields produced by
marker coils in relation to cardinal points of the head (nasion, left and
right pre-auricular points), which were determined before the exper-
iment using an Isotrack 3D-digitizer (Polhemus, Colchester, VT,
U.S. A.) (Ahlfors and Ilmoniemi 1989). The recording passband was
0.1-200 Hz for MEG and EOG, and the sampling rate was 600.025 Hz.
Digital band-pass filtering was performed off-line at 5-50 Hz (Light
etal. 1999). The first few responses and the entire epoch coinciding
with EOG or MEG changes exceeding 150 pV or 3000 ft/cm, respec-
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tively, were omitted from averaging. An epoch lasted 550 ms, includ-
inga 100 ms prestimulus baseline. Electrodes were attached below the
right eye and above the left eye to minimize potential electrooculo-
gram artifacts. The electrode impedances were below 5 k€. Subjects
were monitored visually for signs of sleep. At least, 70 responses were
averaged in each condition.

MEG source localization

All analyses were conducted blind to the session condition. An indi-
vidual sphere model of the head was constructed from the local ra-
dius of curvature on the basis of individual MRI images. MRI was per-
formed usinga 1.5-T apparatus (General Electric Co., Milwaukee, WI,
USA). The P50m peaks were obtained from the latency ranges of
35-80 ms after the stimulus presentation. The latency, location, and
strength of the P50m source were analyzed with single equivalent cur-
rent dipole modeling, determined by a least-squares fit using a subset
of 34 channels separately over each auditory cortex (Hamildinen etal.
1993). Dipole fits with at most 40 % residual variance and with at most
4186 mm? confidence volume (10 mm radius sphere) were considered
successful. The latency, location and dipole moments of P50m for
conditioning stimuli (Qc) and test stimuli (Qt), and the t/c ratio
(Qt/Qc) in the positive and negative slide conditions were compared
to those in the neutral slide condition.

Data analysis

For statistical analysis, one or two-way analyses of variance (ANOVA)
for repeated measures were used. Fisher’s PLSD was used for post-hoc

b)

positive slide

150fT condition
450ms
conditioning stimuli
------ test sti i
150fT st stimuli

3

tests. Stepwise forward multiple regression analysis was used to ex-
amine the Qc, Qt, and t/c ratio-related factors. Qc, Qt, and t/c ratio
were entered into the analysis as a dependent variable. Sex, age, hemi-
sphere, valence, and arousal during individual sessions (negative,
neutral, and positive) in all subjects were entered as independent
variables. In addition, the relationships between the three dependent
variables and independent variables were investigated. The results are
expressed as a mean & standard deviation.

Results

The self-ratings of experiences evoked by the positive,
neutral, and negative slide sessions were, respectively,
7.3+ 0.6,4.8 +0.5,and 2.2 0.6 for valence; and 4.4 £ 1.1,
4.2+1.0,and 7.5+ 0.9 for arousal. A one-way ANOVA re-
vealed a significant main effect of slide category on va-
lence ratings (F[2,28]=286.4; p <0.01). Post-hoc tests
showed that all the pair-wise differences were signifi-
cant (p < 0.01). For arousal ratings ANOVA also showed
a significant main effect of slide category (F[2,28] = 67.8;
p<0.01). Post-hoc test showed that the negative slides
were experienced as significantly more arousing, in
comparison to neutral or positive slides (p <0.01).
Fig.2 shows the typical response waveform over the
left primary auditory cortex and dipole location in one

T 17
TT 7717
TYTTTITY
TETTTTIT

ﬂ”ﬁﬁ’ﬁﬁﬂﬁ
TFTFTTTTIT 77

neutral slide
condition

negative slide
condition

Fig.2 aThe average response waveform in the neutral slide condition of one representative subject. b Dipole Jocations over the lefi primary auditory cortex of one repre-
sentative subject. The white dot represents the dipole to the conditioning click and the gray dot represents the dipole to the test click.  The response waveform at the chan-
nel showing maximal response in the left hemisphere in negative (left), neutral (middie), and positive slide conditions (right). The solid line represents the response to the
conditioning click and the dashed fine, the response to the test click. Note that the amplitude of response waveforms do not directly reflect the intensity of the underlying
neural activation, which was estimated on the basis of magnetic field distribution at the sensors and the relative position of the head with respect to the sensors
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subject. A significant difference between Qc and Qt in
the neutral slide condition was observed in both hemi-
spheres (left: t=7.85; p <0.01, right: t=5.19; p <0.01).
The strength of Qc was not affected significantly by the
slide category or hemisphere. A two-way ANOVA
revealed a significant main effect of the slide category
on Qt (F[2,48]=4.27; p<0.05), and t/c ratio
(F[2,48] =15.97; p <0.01), and a significant main effect
of hemisphere on t/c ratio (F[1,24]=6.29; p<0.05).
Post-hoc tests showed that Qt and t/c ratio in the nega-
tive slide condition were larger than those in the positive
and the neutral slide conditions,and t/c ratio in the right
hemisphere was larger than that in the left hemisphere
(Table 1). Slide category x hemisphere interactions were
not significant in any of the analyses. P50m latencies and
the source location were not significantly influenced by
emotional condition (data not shown).

Table 2 shows the predictors of Qc, Qt,and the t/c ra-

Table1 Source activations in different emotional conditions

Slide category

Negative Neutral Positive

tefthemisphere

Qc (nAm) 15.0+3.7 18.3+7.4 18.4+6.7

Qt (nAm) 8.9+3.6% 6.0+3.4 6.514.2

t/c ratio 0.6110.24** 0.33+0.17 0.33+0.17
Right hemisphere

Qc (nAm) 14.0+7.3 16.7+7.6 16.7+7.0

Qt (nAm) 10.7£7.9* 8.0+3.6 7.2+3.9

t/cratio 0.77£0.25%2 0.48+0.212 045x0.222

*p < 0.05;** p < 0.01, compared to Neutral and Positive slide conditions

2 p < 0.05, compared to left hemisphere

Qc strength of the P50m response (dipole moment) to conditioning stimuli; Qt
strength of the P50m response (dipole moment) to test stimuli

Table2 Multiple regression analysis of predictors of Qc, Qt, and t/c ratio

independentvariables  Coefficient  Standardized F p
coefficient ) :
Qt
Valence of stimuli -0.508 -0.221 4,108 0.046
t/c ratio
Valence of stimuli —0.056 —0.454 15338 < 0.0001
Right hemisphere 0.142 0.268

There was no significant predictor of dipole moment of Qc response
Qt Multiple R = 0.221, Multiple R2 = 0.049, Adjusted R2=0.037
t/c ratio Multiple R = 0.529, Multiple R2 = 0,280, Adjusted R? = 0.261

tio. There was no significant predictor of the dipole mo-
ment of the Qc response. A stepwise forward multiple re-
gression analysis revealed that the self-rating valence of
the emotional slides may have been predictive of dipole
moment of Qt response, and t/c ratio and right hemi-
sphere predicted a higher t/c ratio. The relationship be-
tween the separate independent variables and the de-
pendent variables is shown in Table3. The self-rating
valence of the emotional slides was significantly corre-
lated with the Qt response, and the t/c ratio. In addition,
the t/c ratio was positively correlated with arousal by the

_emotional slides.

Discussion

The present study demonstrated that P50m suppression
was attenuated by negative visual stimuli, and that this
modulation effect predominated in the right, rather than
the left hemisphere, and was related to emotional va-
lence. Our study suggests that negative emotions could
modulate sensory gating in the auditory cortex.

A deficit in sensory gating has been identified in a
number of psychiatric disorders, most notably schizo-
phrenia (Adler etal. 1982). Furthermore, drugs affecting
emotional tone such as amphetamines (Light etal.
1999), marihuana (Patrick etal. 1999), and cocaine
(Adler etal. 2001) have been reported to disrupt the P50
suppression. Although emotional stress contributes to
the onset and exacerbation of illness in patients with
psychiatric disorders, no study has been conducted
which attempted to determine the effect of emotional
stress on P50 suppression.

There have been a few studies which evaluate the
effect of emotional stimuli on other components of
event-related potentials (ERP). Schupp etal. (1997) re-
ported that auditory P300 amplitudes were modulated
by picture arousal, with smaller auditory P300 responses
elicited when viewing highly arousing pictures regard-
less of their valence. They speculated that attentional re-
sources are needed for the late information processing
because they are very complicated and have more cog-
nitive factors. On the other hand, Surakka etal. demon-
strated that the mismatch negativity,an ERP component
elicited by sound change that peaks about 150 ms after
stimulus presentation, was attenuated by positively va-
lenced and little arousing visual emotional stimuli
(1998). Our results showed that emotional modulation
of sensory processing could occur even at earlier (about

Table3 Correlations between P50 responses and
independent variables

oo o teratio
r-value  p-value r-value. . p-value r-value . p-value
age -0.054 0.63 -0.063 0.57 -0.055 0.62
sex 0.084 045 0.028 0.81 ~0.072 0.52
Arousal of stimuli 0.006 0.95 0.205 0.07 0.301 0.006
Valence of stimuli 0.189 0.09 -0.221 0.04 —0.456 < 0.0001

p-values were obtained with Pearson’s correlation analysis
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50 ms) cortical stages of auditory processing and that
this modulation was related to emotional valence. To-
gether, these results suggest that auditory processing can
be affected by emotional stimuli, and in earlier stages,
the emotional valence of the stimuli may predominate
over the arousal effect. However, due to the small sample
size, the results should be confirmed by further studies
with a larger number of subjects.

The amygdala is thought to play an important role in
the perception of emotionally meaningful information
(Morris et al. 1996), and neurons in the amygdala of rats
behave similarly to the human P50 in response to re-
peated auditory stimuli (Bordi and LeDoux 1992).1n ad-
dition, it has been reported that fear conditioning en-
hances auditory evoked activity in the amygdala in
response to repetitive auditory stimuli (Rogan etal.
1997). The amygdala is richly interconnected with the
neocortex. Some amygdalofugal projections to auditory
areas have been found, in addition to projections to vi-
sual regions (Amaral et al. 1992). Thus, we speculate that
the effect of emotional visual stimuli on auditory P50m
suppression, at least in part, might be mediated by the
amygdala.

This P50m suppression study showed that auditory
sensory gating at the primary auditory cortex was af-
fected by emotional stimuli, and that this effect may be
related more to the emotional valence than to the arous-
ing effect of the stimuli. We suggest that a pre-attentive,
automatic mechanism of the brain to gate out incoming
irrelevant sensory input is affected by emotional va-
lence.
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Reduced Activation of Posterior Cingulate Cortex
During Imagery in Subjects with High Degrees of
Alexithymia: A Functional Magnetic Resonance
Imaging Study

Tomoyuki Mantani, Yasumasa Okamoto, Naoko Shirao, Go Okada, and Shigeto Yamawaki

Background: Although the brain areas involved in imagery bave been reported, the neural bases of individual differences in imagery
remain to be elucidated. People with bigh degrees of alexithymia (HDA) are known to have constricted imaginal capacities. The
purpose of this study was to investigate neural correlates of imagery disturbance in subjects with HDA.

Methods: A functional magnetic resonance imaging (fMRD) study was underiaken in 10 subjects with HDA and 10 subjects with low
degrees of alexithymia (LDA), who were selected according to their scores on the 20-item Toronto Alexithymia Scale (TAS-20). The two
groups’ regional cerebral activation was compared during various imagery conditions. In those conditions, the subjects imaged a past
bappy (PH) event, a past sad (PS) event, a past neutral (PN) event, a future bappy (FH) event, a future sad (FS) event, and a future
neutral (FN) event. The activation levels during these conditions were compared with those during a vest condition (REST).
Resulis: The t tests showed that the mean subjective ratings of both the vividness of the imagery and the intensity of emotion during
the imagery were higher in the subjects with LDA than in those with HDA for the PS and FS imagery conditions. On the other hand,
relative to the LDA group, the HDA group showed significanily less activation in the posterior cingulate cortex (PCC) during the PH
and FH imagery conditions compared with REST and during the FH imagery condition compared with the FN imagery condition.
Conclusion: The present resulls suggest an association between an HDA and reduced activation of the PCC during bappy imagery.
Given the function of this brain region, these results might be related to a dysfunction of episodic memory retrieval during bappy

imagery in subjects with HDA.

Key Words: Alexithymia, imagery, posterior cingulate cortex, fMRI,
future, happy

{ he brain areas involved in imagery have been investigated
by neuroimaging studies in normal subjects. These studies
revealed that, in addition to primary and secondary sen-
sory areas (Cabeza and Nyberg 2000; Chen et al 1998; Halpern
2001; Le Bihan et al 1993; Shergill et al 2001; Yoo et al 2003),
brain areas with other major cognitive functions, such as lan-
guage, memory, and movement, are activated during imagery
(Mellet et al 1998). The neural bases of individual differences in
imagery, however, remain to be elucidated.

Alexithymia, a personality construct, was introduced by
Nemiah and Sifneos in the early 1970s. The concept evolved
initially from clinical observations of patients with psychosomatic
disorders (Neminh er al 1970). The salient features of this
construct are as follows: 1) difficulty identifying and describing
subjective feelings; 2) difficulty distinguishing between feelings
and bodily sensations of emotional arousal; 3) constricted imag-
inal capacities; and 4) an externally oriented cognitive style
(Nemiah et al 1976). Recently, high prevalences of alexithymia
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have been reported in various psychiatric disorders, such as
somatoform disorders (53%, Cox et al 1994), anxiety disorders
(46.7%, Parker et al 1993; 41%, Shipko et al 1983), and substance
dependence (51%, Tavior et al 1990). An approximately 10%
prevalence has been reported even in normal populations
(Honkalampi et al 2000; Salminen et al 1999). Taylor (2000}
stated in his review that alexithymia is a deficit in emotional
regulation that reflects three kinds of deficits: 1) deficits in the
cognitive~experiential component of emotion response systems;
2) deficits at the level of interpersonal regulation of emotion; and
3) constricted imaginal capacities. Several studies have investi-
gated imaginal capacity in people with alexithymia. Nemiah et al
(1977) reported that whereas control subjects increased their
oxygen consumption when instructed to think various emotional
thoughts, subjects with alexithymia showed no such increase in
these conditions. Whereas imaginal capacity correlates with
hypnotic susceptibility (Varga 2001), Frankel et al (1977) re-
ported a high prevalence of alexithymia in subjects with low
hypnotic susceptibility. Hyer et al (1990} studied the responses of
posttraumatic stress disorder patients who were listening to
accounts of their own traumatic experiences and found that the
more alexithymic the subject was, the less his heart rate differed
between the stressor period and the baseline. Friedlander et al
(1997) compared the responses of people with alexithymia with
those of people without it to an autogenic relaxation exercise
with guided imagery; the former reported less enjoyment and
poorer (less vivid) imagery during relaxation than did the latter.
These studies suggest that people with high degrees of alexithymia
(HDA) might have low imaginal capacities and show less phys-
ical reactivity during imagery with emotional contents; however,
these studies relied on indirect methods to characterize the brain
function of people with alexithymia.

Imagery can be defined as the manipulation of sensory
information that comes from memory without information from
actual sensory input (Cabeza and Nyberg 2000). The memory is
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subdivided into working memory, episodic memory, and semantic
memory. Of these subcategories, the one most closely tied to the
emotions of daily life is episodic memory, especially “autobiograph-
ical memory” (Rubin 1998). Because alexithymia is conceptual-
ized as a multifaceted construct consisting of factors related
logically to each other (Taylor et al 1997), the imagery distur-
bance of alexithymia is considered 1o be related to other factors,
such as difficulty in identifying and describing feelings (i.e., in
processing emotion). In fact, experimental studies suggest that
imagery disturbance in subjects with alexithymia is related to
emotion processing, as mentioned in the previous paragraph.
Thus, we considered that subjects with HDA might have diffi-
culty in retrieval of autobiographical memory. On the other
hand, the restricted imaginal capacities of people with alexithy-
mia have been considered to limit the extent to which individuals
with HDA can modulate anxiety and other emotions by fantasy,
dreams, interest, and play (Krystal 198S; Mightes and Cohen
1992). Thus, previous clinical reports have emphasized distur-
bances in imaging experiences that had not and were not going
to occur, as well as past experiences. Furthermore, in examining
the types of emotion that accompany imaging, the previous
reports seem to have emphasized the difficulty that people with
alexithymia have in imaging positive things to modulate negative
emotions such as anxiety. So, we planned a functional magnetic
resonance imaging (fMRD study to directly investigate neural
correlates of imagery disturbance in the subjects with HDA with
the imagery task in which subjects recall affect-laden autobio-
graphical memories or imagine affect-laden future episodes accom-
panied by positive (happy) or negative (sad) emotions.

Recent positron emission tomography (PET) and fMRI studies
have suggested that episodic memory retrieval is associated with
activation of the prefrontal, medial-temporal, medial parieto-
occipital (posterior cingulate cortex [PCC), including the retro-
splenial cortex and precuneus), lateral parietal, anterior cingu-
late, occipital, and cerebellar regions (Cabeza and Nyberg 2000).
On the other hand, it has been reported that the retrieval of auto-
biographical memory, which is a kind of episodic memory, often
activates the medial-frontal region and the left hippocampus and
sometimes activates the medial parieto—occipital area (MPOA)
(Maguire 2001). These studies suggested a relatively consistent
activation of the prefrontal and medialtemporal cortices in
episodic/autobiographical memory retrieval; however, there are
also inconsistencies among studies of autobiographical memory
retrieval, especially regarding the activation of the MPOA. Al-
though several studies have reported the activation of this area
(e.g., Maguire and Mummery 1999; Ryan et al 2001), a consider-
able number have reported no activation of this area (e.g.,
Conway et al 1999; Markowitsh et al 1997) during the retrieval of
autobiographical memory. Meanwhile, emotional stimuli have
been reported to consistently activate this area (Maddaock 1999).
Furthermore, whereas mental imagery is known to be a major
component of episodic memory recall (Tulving 1983), MPOA in
imagery domain studies seems to be specifically recruited when-
ever the generation of the mental image relies on the reactivation
of a memorized percept (Ghaem et al 1997; Kosslyn et al 1993;
Mellet et al 1995; Roland and Gulyas 1995). So, both episodic
memory recall and imagery might share the MPOA as a common
region. We considered that the inconsistencies concerning the

activation of MPOA across studies might reflect not only differ-
ences among tasks but also individual differences in personality

traits, in individual patterns of reactions to emotional stimuli, or in
individual imaginal capacities such as alexithymia. We therefore
studied brain activity during imagery in volunteers and investi-
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gated the relationship between this brain activity and the level of
alexithymia, while paying attention 10 MPOA (PCC and precu-
neus; Brodmann's areas 7, 23, 29, 30, 31). We hypothesized that
the activation of the MPOA varies with the 20-item Toronto
Alexithymia Scale (TAS-20) score during imagery, especially
during emotional imagery conditions.

Meanwhile, although no study to date has used neuroimaging
techniques to investigate the relationship between brain activa-
tion during imagery and alexithymic characteristics, two neuro-
imaging studies of alexithymia have recently been conducted
(Berthoz et al 2002; Kano et al 2003). These studies suggested
that there was no difference in the limbic structure between
subjects with alexithymia and those without, and that the impair-
ment of anterior cingulate cortex (ACC) functioning might be
associated with alexithymia. Moreover, the medial prefrontal
cortex (MPFC), adjacent to the ACC, also was activated in
numerous neuroimaging studies of emotion (Phan et al 2002)
and was reported to be impaired in subjects with alexithymia
(Berthoz et al 2002). So, we were also interested in whether the
ACC (Brodmann'’s areas 24, 32, 33) and MPFC (the medial regions
of Brodmann'’s areas 8, 9, 10, 11) are associated with imagery
disturbance in subjects with alexithymia.

Methods and Materials

Subjects

We recruited 14 men and six women aged 20-30 years, who
were right-handed, nonanxious, and nondepressed (on the basis
of Hospital Anxiety and Depression Scale scores; Zigmond and
snaith 1983; Zigmond et al 1993) from among 38 male and 22
female volunteers according to their alexithymia scores on the
Japanese version of the TAS-20. The volunteers were recruited
through community announcements and were paid incentives
corresponding to their transportation expenses. The TAS-20 is
the most psychomeitrically valid and commonly used measure-
ment of alexithymia (Baghy 1994a, 1994h), and the Japanese
version also has high construct validity and reliability (Fukunishi
et al 1997). It is a self-report questionnaire containing 20 items
rated on a S5-point scale. A high score indicates HDA. In
accordance with methods used by Berthoz et al (2002), 10
subjects (7 men and 3 women) with high (=56) TAS-20 scores
were placed into an HDA group, and 10 subjects (7 men and 3
women) with lower (= 44) scores, who were age- and handed-
ness-matched to the HDA group, were placed into an LDA group.
The subjects in the HDA and LDA groups were aged 25.9 * 3.3
years and 23.7 £ 3.0 years, respectively (mean % SD), and their
TAS-20 scores were 61.9 * 4.0 and 37.9 * 3.9, respectively.

All subjects were identified as right-handed according to the
Edinburgh inventory (Oldfield 1971). According to the self-
reported responses, the subjects had no history of psychiatric,
neurologic, or other major medical illness and had never been
treated with a psychotropic medication. After the study was
described completely to the subjects, written informed consent
was obtained from all of them. This study was approved by the
Institutional Review Board and the Ethics Committee of Hiroshima
University Hospital, Japan. The subjects received course credit for
their participation.

Experimental Design
We developed our task by modifying that used in the study by

George et al (1995). Before the scanning session, each subject
was asked to name specific events that, when imaged, would
make him or her happy (one past and one future event) or sad
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(one past and one future event). Each subject was also asked to
image a specific ime when he or she was or would be
emotionally neutral—that is, not experiencing any particular
emotion (one past and one future event). As for the future
events, the subjects were asked to imagine, in the greatest
possible detail, specific events that they could realistically expect
to occur. The researcher then reviewed each event to assess
whether the emotion was appropriate (e.g., not a mixture of
happiness and sadness or anger) to the type of event. Additional
specific sensory stimuli were elicited that could possibly aid in
imaging the event (e.g., the exact place where the subject was or
would be at the peak moment of emotion or the clothing, time of
year, sights, sounds, or smells associated with that moment).
Finally, each subject was asked to supply key words that would
simply represent each event (e.g., travel with friends, death of
grandmother, brushing teeth).

We used a periodic design involving the presentation of an
activation condition for 30 sec followed by a baseline condition
for 18 sec. This cycle was repeated 18 times over the course of
864 sec. During the activation condition, subjects were cued by
the visual presentation of Japanese words representing the six
event conditions: “past happy” (PH), “past sad” (PS), “past
neutral” (PN), “future happy” (FH), “future sad” (FS), and “future
neutral” (FN); key words were also used to cue the subjects to
generate imagery of each event. When the words were pre-
sented, the subjects were instructed to image each previously
agreed-upon event to make themselves feel the emotions and
senses that they would feel as if the past or future event was
actually happening. Each word was presented for 30 sec. During
the baseline condition (REST), the subjects were shown a cross
symbol (“+”) and instructed to see only that symbol, with no
imagery internally. Each presentation of the symbol lasted 18 sec.
During each trial, the words were projected to the center of the
subject’s field of view with a super video graphics array comput-
er-controlled projection system. The order in which the activa-
tion conditions were presented was countetbalanced across the
subjects. Each trial was started by presenting the cross symbol for
9 sec; this initial presentation was excluded from the analyses.
For each event, each subject’s ratings of the vividness of his or
her imagery and the intensity of the emotion were recorded
immediately after the scanning session. Two nongraduated visual
analogue scales were used: one assessed the vividness of the
imagery (range, 0-10), from imaging nothing to imaging ex-
tremely vividly; and the other assessed the intensity of emotion
during the imagery (range, 0-10), from feeling nothing to feeling
extremely intensely.

Image Acquisition

Functional magnetic resonance imaging was performed with a
Magnex Eclipse 1.5-T Power Drive 250 (Shimadzu Medical Systems,
Kyoto, Japan). A time-course series of 291 volumes was acquired
with T2-weighted, gradient echo, echo planar imaging sequences.
Each volume consisted of 28 slices, with a slice thickness of 4 mm
with no gap, and entirely covered the cerebral and cerebellar
cortices. The interval between successive acquisitions of the same
image (TR) was 3000 msec, the echo time (TE) was 55 msec, and the
flip angle was 90°. The field of view (FOV) was 256 mrm, and the
matrix size was 64 X 64, giving voxel dimensions of 4 X 4 X 4 mm.
Scan acquisition was synchronized to the onset of the trial. After
functional scanning, structural scans were acquired with a T1-
weighted gradient echo pulse sequence (TR = 12 msec; TE = 4.5
mseg; flip angle = 20°;, FOV = 256 mm; voxel dimensions of 1 X 1
X 1 mm), which facilitared localization.
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Analysis

Image processing and statistical analyses were carried out
with Statistical Parametric Mapping (SPM99) software (Wellcome
Department of Cognitive Neurology, London, United Kingdom)
implemented in Matlab (Mathworks, Natick, Massachusetts). The
first three volumes of the fMRI run were discarded because the
magnetic resonance signal was unsteady. The remaining 288
volumes were used for the analysis. Images were corrected for
motion and realigned with the first scan of the session, which
served as the reference. For each subject, the T1 anatomic images
were coregistered 10 the first functional images and aligned to a
standard stereotaxic space, with the Montreal Neurological Insti-
tute (MND T1 template in SPM99. The calculated nonlinear
transformation was applied o all functional images for spatial
normalization. Finally, the functional magnetic resonance images
were smoothed with a 10-mm full-width at half-maximum Gauss-
ian filter.

The group analysis was performed at two levels. At the first
level, each subject’s signal time course was modeled with a
delayed boxcar function convolved with a hemodynamic re-
sponse function in the context of a general linear model. One
contrast image per subject was created by contrasting each
activation condition (PH, PS, PN, FH, FS, FN) with the baseline
condition (REST) and by contrasting each emotional condition
with the neutral condition. In the second step, with group
analysis according to a random effect model that allows infer-
ence 1o the general source populations (Friston et al 1999), we
first identified regions that showed significant responses during
each activation condition (PH, PS, PN, FH, FS, FN) compared
with the baseline condition (REST) and during each emotional
condition compared with the neutral condition (PH > PN, PS >
PN, FH > FN, FS > FN) in the HDA and LDA groups, with the
one-sample f test. Next, the images were entered into a two-
sample f test (to locate brain regions in which the two groups
differed significantly) and into a regression analysis (to locate
brain regions in which the magnitude of brain activation corre-
lated significantly with the TAS-20 score). Although there were
inequalities in the amount of data between the REST condition
and the experimental conditions (6 vs. 10), SPM99 performed
these analyses, correcting the inequalities of data size. The
resulting set of voxel values for each contrast constituted an SPM
(H map. The SPM(#) maps were then interpreted by referring to
the probabilistic behavior of Gaussian random fields. The data
were thresholded at p < .001 uncorrected at the voxel level and
at p < .05 corrected at the cluster level for regions about which
there was no clear hypothesis. Moreover, for regions about
which we had an a priori hypothesis (ACC, MPFC, and MPOA),
the height and extent of thresholds were set to p < .001
uncorrected and p < .05 uncorrected, respectively (as justified by
Friston 1997).

The x, y, and z coordinates provided by SPM, which were in the
MNI brain space, were converted to the x, y, and z coordinates in
Talairach and Toumoux’s (TT) brain space (Talairach and Tous-
noux 1988) with the following formula: (IT-x = MNIx X .88 — .8;
TT-y = MNLy X .97 — 3.32; TT-z = MNI-y X .05 + MNI-z X .88 —
44). Labels for brain activation foci were obtained in Talairach
coordinates with Talairach Daemon software (Research Imaging
Center, University of Texas, San Antonio, Texas), the accuracy of
which is similar to that of neuroanatomic experts (Lancaster et al
2000).

The accuracy of the labeling of the areas given by this software
was then confirmed by comparison with activation maps overlaid
on MNF-normalized structural magnetic resonance images.
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Results

Subjective Ratings

The f tests showed that the mean subjective ratings of the
vividness of the imagery were higher in the LDA group than in
the HDA group for the PH, PS, and FS conditions. On the other
hand, the mean subjective ratings of the intensity of emotion
during the imagery were higher in the LDA group than in the
HDA group for the PS and FS conditions (Tuable 1). The examples
of the events that subjects imaged during the imagery conditions
were sea bathing, party with friends, wavel abroad; death of
grandmother, death of dog, loss of bag; brushing teeth, cleaning,
going to school; honeymoon, playing with child, entrance to
ideal occupation; death of mother, loneliness at work, failing to
pass on to the next grade; and washing face, changing clothes,
driving for PH, PS, PN, FH, FS, FN conditions, respectively. There
were no significant differences between the groups in the mean
subjective remoteness of the time when the imaged event
occurred or would occur in any of the imagery conditions.

fMRI Results (Brain Activation During imagery Conditions
Within Groups)

In the LDA group, at the higher level of significance (height
and extent thresholds, respectively, set to p < .001 and p < .05
corrected), there was significantly greater activation of the PCC in
PH and FH than in REST and of the left superior frontal gyrus in
PS compared with REST. Moreover, at the lower level of signif-
icance (height and extent thresholds, respectively, setto p < .001
and p < .05 uncorrected), the ACC and right precuneus were
significantly more active in PN than in REST and in FH than in FN,
respectively. In the HDA group, at the higher level of significance
(height and extent thresholds, respectively, set to p < .001 and
D < .05 corrected), there was significantly greater activation of
the fusiform gyrus and cerebellum in PH, PN, and FH than in
REST (Table 2).

fMRI Results (Comparison of Brain Activation
Between Groups)

With the threshold of significance at p < .001 uncorrected at
the voxel level and at p < .05 corrected at the cluster level, FH
(FH compared with REST) induced less activation in the HDA
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subjects than in the LDA subjects in the bilateral PCC (Table 3,
Figure [). These were the only regions showing between-group
differences at this level of significance.

Moreover, at the lower level of significance (height and extent
thresholds, respectively, set to p < .001 and p < .05 uncorrected),
PH compared with REST and FH compared with FN induced less
PCC activation in the HDA group than in the LDA group (Table 3,.
Figures 2 and 3).

fMRIE Results (Regression Analysis)

Regression analysis revealed a significant inverse correlation
between the TAS-20 score and the magnitude of brain activation
of the bilateral PCC in PH compared with REST (x, y, z = =6,
—54, 9; area 30; ¢ value 5.26; 1595 voxels; r= -.846; p < .001),
in FH compared with REST (x, y, z = —8, —50, 9, area 30; ¢value
7.83; 1363 voxels; » = —.810; p < .001), and in FH compared
with FN (x, y, z = 6, —62, 21; area 31; f value 6.52; 669 voxels;
r= —.812; p < .001) at the higher level of significance (height
and extent thresholds, respectively, set to p < .001 and p < .03
corrected). The Talairach coordinates presented in each paren-
thesis represents the coordinates in which the local maximum
within the cluster was observed. No signiticant correlation was
observed in any other investigated contrasts.

Discussion

As expected, the activation of the MPOA varied with the
TAS-20 score (the degrees of alexithymia) during imagery.
During FH imagery, the activation in the PCC was significantly
lower in the HDA subjects than in the LDA subjects. Also in FH
imagery, a significant inverse correlation was found between the
TAS-20 score and the magnitude of PCC activation. These results
support our hypothesis that the inconsistencies about the activa-
tion of MPOA across studies reflect individual differences in
personality traits such as alexithymia. The variability of activation
in this area according to alexithymic characteristics might explain
why prior studies, which did not control for personality, reported
various outcomes.

A qualitative comparison of the brain activation detected by
one-sample ¢ test in the two groups suggests other findings in
addition to the intergroup difference in PCC activation. The LDA

Table 1. Subjective Ratings of Vividness of imagery and intensity of Emotion During Imagery

Intensity of
Vividness of Emotion During

Imagery TAS-20 Imagery Imagery

Condition Group Mean SD p Mean SD p

Past Happy HDA 6.1 2.2 .007 6.0 1.8 068
LDA 83 75 7.5 1.7 '

Past Sad HDA 46 2.7 031 4.1 2.7 .009
LDA 74 2.6 76 26

Past Neutral HDA 4.2 2.2 052 2.3 19 .188
LDA 6.3 23 3.8 2.8

Future Happy HDA 6.5 27 133 5.9 2.7 .086
LDA 8.1 1.9 7.8 18

Future Sad HDA 39 3.1 003 3.7 28 .010
LDA 7.7 1.8 7.0 24

Future Neuiral HDA 4.5 22 325 23 1.6 321
LDA 5.7 2.8 3.5 3.1

Two nongraduated visual analogue scales were used (the vividness of imagery [imaging nothing to imaging
extremely vividly] and the intensity of emotion during imagery [from feeling nothing to feeling extremely intense]).
HDA, high degrees of alexithymia group: the subjects with a total 20-item Toronto Alexithymia Scale (TAS-20) score of
=56; LDA, low degrees of alexithymia group: the subjects with a total TAS-20 score of <44; p = value of t test.
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Table 2. Brain Regions Showing Significant Activation During Imagery Task

T. Mantani et al

Talairach Coordinates®

k? BA t score X y z
Low Degrees of Alexithymia Group
Past happy > REST
Left posterior cingulate gyrus 325¢ 30 6.93 —4 —54 8
Past sad > REST
Left superior frontal gyrus 229° 8 922 -4 22 48
Past neutral > REST
Left anterior cingulate gyrus 1287 24 6.85 -3 4 47
Future happy > REST
Left posterior cingulate gyrus 528°¢ 30 9.85 -6 —54 9
Right posterior cingulate gyrus 30 6.25 6 -50 17
Right posterior cingulate gyrus 23 556 4 —58 14
Future happy > future neutral
Right precuneus 97¢ 31 835 6 —62 25
High Degrees of Alexithymia Group
Past happy > REST
Left cerebellum anterior lobe 369° 10.54 -32 —48 -22
Left fusiform gyrus 37 781 -36 ~60 -19
Left cerebellum posterior lobe 6.63 -31 —63 —-25
Past neutral > REST
Right cerebellum posterior lobe 398° 1048 38 -73 -20
Right fusiform gyrus 18 640 24 -85 -19
Right cerebellum posterior lobe 5.75 19 =75 ~22
Left fusiform gyrus® 179¢ 18 5.75 —20 —85 —20
Left cerebellum posterior lobe 4.76 -36 —73 -23
Future Happy > REST
Left cerebellum anterior lobe® 566° 9.25 -36 —40 -30
Left cerebellum posterior lobe 6.78 -29 -75 —24
Left fusiform gyrus 19 581 —41 =75 ~11

BA, Brodmann's Area; REST, during a rest condition.
“Number of voxels in cluster.

bCoordinates of the local points of maximal activation included in the cluster.
“Differences were significant at p << .001 {uncorrected) for voxel level and p < .05 (corrected) for cluster extent.
IDifferences were significant at p < .001 (uncorrected) for voxet level and p < .05 (uncorrected) for cluster extent.

group showed significantly greater activity of the MPFC, which
also extends to the ACC, during PS imagery, but the HDA group
did not. This is partially in line with the ACC deficit model of
alexithymia (Berthoz et al 2002; Lane et al 1997). There seems 1o
be greater activation in the fusiform gyrus and cerebellum in the
HDA group than in the IDA group, which might reflect visual
attention (Allen et al 1997, Mangun et al 1998); however, such a

comparison does not allow us to measure voxel-by-voxel differ-
ences in the magnitude of activation between the groups. A more
formal test of the null hypothesis of no between-group difference
in activation was provided by a two-sample ¢ test at each voxel.
A direct comparison between the groups showed significantly
lower brain activation in the PCC of the HDA group than in that
of the LDA group during FH imagery.

Table 3. Brain Regions Showing Significant Activation in Nonalexithymic Group Compared with Alexithymic Group During imagery Task

Talairach Coordinates®

Area k9 BA t score X y z
Past Happy > REST
Left posterior cingulate gyrus 220° 30 4.53 -4 —56 7
Left posterior cingulate gyrus 31 4.23 -1 —60 25
Left posterior cingulate gyrus 23 3.93 -8 —58 18
Future Happy > REST
Left posterior cingulate gyrus 11509 30 6.97 —4 22 48
Right posterior cingulate gyrus 31 5.61 8 —54 25
Future Happy > Future Neutral
Right posterior cingulate gyrus 277¢ 31 5.58 6 -59 23

BA, Brodmann's Area; REST, during a rest condition.
“Number of voxels in cluster.

bCoordinates of the local points of maximal activation included in the cluster.
“Differences were significant at p < .001 (uncorrected) for voxel level and p < .05 (uncorrected) for cluster extent.
“Differences were significant at p < .001 (uncorrected) for voxel level and p < .05 (corrected) for cluster extent.
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