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Abstract

Human lesion or neuroimaging studies suggest that amygdala is involved in facial emotion recognition. Although
impairments in recognition of facial and/or emotional expression have been reported in schizophrenia, there are few neuro-

imaging studies that hav
and normal controls. To

e examined differential brain activation during facial recognition between patients with schizophrenia
nvestigate amygdala responses during facial recognition in schizophrenia, we conducted a functional

magnetic resonance imagfing (fMRI) study with 12 right-handed medicated patients with schizophrenia and 12 age- and sex-

matched healthy controls

The experiment task was a type of emotional intensity judgment task. During the task period, subjects

were asked to view happy (or angry/disgusting/sad) and neutral faces simultaneously presented every 3 s and to judge which face

was more emotional (pos

tive or negative face discrimination). Imaging data were investigated in voxel-by-voxel basis for single-

group analysis and for hetween-group analysis according to the random effect model using Statistical Parametric Mapping
(SPM). No significant difference in task accuracy was found between the schizophrenic and control groups. Positive face
discrimination activated the bilateral amygdalae of both controls and schizophrenics, with more prominent activation of the right
amygdala shown in the s¢hizophrenic group. Negative face discrimination activated the bilateral amygdalae in the schizophrenic
group whereas the right amygdala alone in the control group, although no significant group difference was found. Exaggerated
amygdala activation during emotional intensity judgment found in the schizophrenic patients may reflect impaired gating of

sensory input containing

emotion. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Department of Neuropsychiatry, Fukui

Lo, Fukui, 910-1193, Japan. Tel : +81- Patients with schizophrenia often perform poorly in

social situations. Previous studies reported that they
had been less accurate than normal controls in facial
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identity matching requiring whether pairs of faces
were the same or different persons (Feinberg et al.,
1986) and the patients with paranoia had experienced
other people as directing attention toward them when
in reality attention was not being directed at them
(Rosse et al., 1994; Franck et al., 1998). Moreover,
they have performed worse than normal controls in
recognition of facial expression of emotion (Walker
et al., 1984; Feinberg et al., 1986; Heinmberg et al.,
1992); for example, in emotion matching to decide the
same or different emotions in pairs of faces or emotion
labeling to decide linguistic labels of emotional faces.
These impairments in recognizing facial and/or emo-
tional expression may be related to the misinterpreta-
tion of social interactions or to the flat effect
commonly found in schizophrenia.

The patients with bilateral amygdalotomy or bilat-
eral amygdala damage were poor in the recognition of
facial identity or facial emotion, especially fearful face
(Adolphs et al., 1994, 1999; Anderson and Phelps,
1998). Recent neuroimaging studies using positron
emission tomography (PET) or functional magnetic
resonance imaging (fMRI) reported that the amygdala
was activated during emotional face perception
(Schneider et al., 1995; Morris et al., 1998; Paradiso
et al., 1999; Blair et al., 1999). It is strongly con-
ceivable, therefore, that the amygdala is related to
recognition of faces and emotions (LeDoux, 2000;
Davis and Whalen, 2001).

Amygdala abnormalities in schizophrenia have
been reported in postmortem and neuroimaging stud-
ies (Bogerts et al., 1985; Breier et al., 1992; Pearlson
etal., 1997), in which schizophrenics showed reduced
amygdala volume compared with controls.

To date, only two activation studies in emotional
face recognition have been published in schizophrenia.
An fMRI study reported that schizophrenic patients did
not demonstrate amygdala activation during sad mood
induction looking at sad facial expressions, despite
significant amygdala activation in normal controls
(Schneider et al.,, 1998). Another fMRI study also
found that schizophrenics showed no amygdala acti-
vation during gender discrimination of faces depicting
fearful faces, despite left amygdala activation in nor-
mal controls (Phillips et al., 1999). In the same study,
non-paranoid schizophrenic patients categorized a dis-
gusted face as an angry or fearful face in the identi-
fication task and it was demonstrated in the response to

disgusted expressions activation in the amygdala, a
region associated with perception of fearful faces.

The present study investigated the difference in
amygdala response during facial recognition between
patients with schizophrenia and normal controls using
fMRI. The task used in the present study was a type of
emotional intensity judgment task, while in the two
previous activation studies of schizophrenia one used
a mood induction task and the other an implicit task
with regard to emotional face processing. In the
emotional intensity judgment task, subjects were
required to judge and interpret emotional faces,
although the mood induction and gender discrimina-
tion task did not require such cognitive processes.
Imaging data were analyzed in a voxel-by-voxel basis
for single-group analysis and for between-group anal-
ysis according to the random effect model using
Statistical Parameter Mapping (SPM) 99. Since the
region focused in the present study was the bilateral
amygdalae, the correction for the multiple compari-
sons was restricted to those structures.

We hypothesized that schizophrenic patients would
show different amygdala activation compared with
normal controls during recognition of faces with
positive or negative emotion. The present findings
showed that the patients demonstrated more promi-
nent activation than the controls in the right amygdala
during positive face discrimination.

2. Methods
2.1. Subjects

The patient group consisted of 12 patients with a
DSM-IV (American Psychiatric Association, 1994)
diagnosis of schizophrenia (six men and six women;
aged 18 to 33 years, mean 26.0 years, SD =4.5; mean
duration of illness 3.8 years, SD=3.5). They were
outpatients or inpatients from the Department of Neu-
ropsychiatry of Fukui Medical University. Ten patients
were on neuroleptic medication (mean chlorpromazine
equivalent daily dose 322.0 mg, SD=264.1) and two
patients were unmedicated at the time of fMRI exami-
nation. Mean symptom scores were 31.9, SD=28.1 on
the Brief Psychiatric Rating Scale (BPRS, Overall and
Gorham, 1962), and 56.3, SD=14.4 (positive, 11.3,
SD=4.6; negative, 16.3, SD=4.5; general, 28.8,



SD=7.3) on the Positive and Negative Syndromes
Scale (PANSS, Kay, 19P1). Twelve healthy volunteers
(six men and six women; aged 22 to 30 years, mean
24.4 years, SD =2.4) were recruited as controls, with-
out a history of neurological, psychiatric disease, and
drug or alcohol abuse.|None were taking medication
that could affect the cetebral blood flow.

Before the experiment a shorter version of the
experimental task was|administered to confirm that
subjects could perform at an average level. As assessed
by a series of r-tests, the schizophrenic and control
groups did not differ in age or depressive affect as
measured by the Zung Self-rating Depression Scale
(Zung-SDS, Zung, 1965: patients, 42.8, SD=9.1;
controls, 35.9, SD=8.), but they did differ in the
years of education (74<0.05: patients, 13.5 years,
SD=2.3; controls, 16.3, SD=10.8). All subjects were
strongly right-handed as assessed by the Edinburgh
Handedness Inventory [Oldfield, 1971). The protocol
was approved by the |Ethical Committee of Fukui
Medical University, anfl all subjects gave written in-
formed consent for the [study.
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2.2. Experimental design

Digitized grayscale pictures of 24 unfamiliar faces
(12 male and 12 female) with negative (angry, disgust-
ing or sad), positive (happy), and neutral emotion were
used as materials. To establish the validity and reli-
ability of the facial stimuli used, a sample of 10 healthy
controls was asked to rate each face according to
emotion type and intensity. The subjects were required
to label each face as one of negative or positive
emotion and rate the emotional intensity on a verbal
analog scale ranging from — 5 to 5 (— 5=extremely
negative, 0 =neutral, 5 =extremely positive). The pro-
bability that the emotional face was correctly labeled
was 98% and 99% for the negative and positive faces,
respectively. Average rating score of the emotional
intensity was —2.6 £+ 0.3 for the negative, 2.5 + 0.4
for the positive, and 0.1 & 0.1 for the neutral face. An
analysis of variance (ANOVA) revealed a significant
effect of emotional intensity (p <0.01), and post hoc
Scheffe’s test demonstrated significant differences
between the ratings of the neutral and positive faces,

neutral

task task task

control

control control

+—>

24 seconds

Fig. 1. The experiment consisted of two face conditions (positive and negative face discrimination) and a control condition. In each block of the
face discrimination, a face wijth positive (happy) or negative (angry, disgusting or sad) emotion was paired with the same face with a neutral
emotion. The subjects judged which face was emotional. In the control condition, the subjects were instructed to discriminate the size of two
rectangles and indicate which| one was larger. The experiment was composed of 12 blocks (six control blocks, three positive and three negative

face discrimination blocks) a

d the order of the two face discriminations was counterbalanced across subjects.
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the neutral and negative faces, and the positive and
negative faces (p <0.01, respectively).

The experiment consisted of 12 blocks, six blocks
each of control and task conditions; each block was 24
s long, alternating control and task. The task condition
contained two kinds of face discrimination, i.e., three
positive and three negative face discriminations (Fig.
1). The order of the positive or negative face discrim-
inations was counterbalanced across subjects. During
the positive face discrimination, happy and neutral
faces were simultaneously presented at a rate of 2.8
s/pairs with a 0.2-s inter-stimulus interval. During the
negative face discrimination, an angry, disgusting, or
sad face and neutral face were presented. A list of eight
face-pairs was assigned to each block and the side of
the emotional and neutral face was randomized within
the list. The subjects were instructed to judge which
face was more emotional and to indicate by elevating
the index (left side) or middle (right side) finger of their
right hands. During the control condition, the subjects
were instructed to compare the size of two rectangles
placed side-by-side and to indicate which one was
larger by elevating their right index or middle finger.
Those stimuli were presented at the same rate and in the
same format as the stimuli in the task condition. During
scanning, the stimuli were projected onto a half trans-
parent screen using an LCD projector connected to a
personal computer in which the stimuli were generated.
The subjects saw the stimuli through a tilted mirror

Table 1

attached to the head coil of the scanner. The subjects’
responses were inspected and recorded visually.

2.3. Image acquisition and analysis

A time course series of 100 volumes was acquired
using T2*-weighted, gradient echo, EPI sequences
with a 1.5 T MR imager (Signa Horizon; General
Electric Medical Systems, Milwaukee, WI, USA) and
a standard birdcage head coil. Each volume consisted
of 12 coronal slices, with a slice thickness of 4 mm,
with a 1-mm gap, to cover the amygdala. The time
interval between two successive acquisitions of the
same image was 3000 ms, echo time was 40 ms, and
flip angle was 90°. The digital in-plane resolution was
64 X 64 pixels with a pixel dimension of 3.75 X 3.75
mm. The anatomical image was also acquired (2D-
FSE: TR=3 s, TE=80 ms, Flip Angle=90°, 256 X
256 matrix and 34-36 coronal slices of 4 mm thick-
ness with a 1-mm gap). Tight but comfortable foam
padding was placed around the subject’s head to
minimize head motion. After discarding the first four
images due to the unsteady longitudinal magnetiza-
tion, the successive 96 EPI images (eight images per
block) were subjected to analysis. Image processing
and statistical analysis was performed using SPM99
(the Wellcome Department of Cognitive Neurology,
London, UK). Firstly, to correct for dislocations caused
by head motion, all EPI images were realigned. Then,

Significant BOLD signal changes in amygdala during face discrimination compared with control condition

Positive face discrimination

Negative face discrimination

x y z Z-value P-value x y z Z-value P-value
Single-group analysis
Controls
L amygdala -22 -6 -8 3.72 0.016 n.s.
R amygdala 20 0 -16 3.79 <0.001 22 -2 —-10 3.22 0.016
Schizophrenics
L amygdala - 18 —4 -10 3.15 0.020 -20 -6 —14 3.97 0.001
R amygdala 20 -6 —-10 5.20 <0.001 20 -2 —-12 499 <0.001
Between-group analysis
Controls > Schizophrenics
ns. ns.
Schizophrenics > Controls
R amygdala 22 -6 -12 3.49 0.010 ns.

L, Left; R, Right; x, y, z, stereotaxic coordinates as given in the Talairach and Tournoux atlas. The probability threshold was p<0.025 after
correction for multiple comparison (the search region was restricted to the bilateral amygdalae).
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mal subjects, 97.2 + 4.8%; schizophrenic subjects,
95.1 £ 5.3%) and for the negative face discrimination
(92.0 +7.8% and 95.8 + 5.3%} respectively). Two-
way repeated-measure ANOVAs showed no significant
main effect of group (F£=0.29, df=1, 22, p=0.59) or
condition (F=1.56, df=1, 22, p=0.23), or interagtion
(F=2.65,df=1, 22, p=0.12). Both groups performed
at the ceiling level during the control condition (over
99% correct).

3.2. Neuroimaging data

During the positive face discrimination compared
with the control condition, both the control ‘and
schizophrenic groups showed significant activation
in the bilateral amygdalae (controls; left amygdala

% p<0.025 (single-group analysis)
s P <0.025 (between-group analysis)
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Fig. 2. Graphical representation of BOLD signal changes in the
bilateral amygdalae across the contro! group and the schizophrenic
group during positive and negative face discrimination compared
with control condition. Bars represent standard deviations. Stars
show significant activation for single-group analysis and asterisk
shows significant activation for between-group analysis.



92 H. Kosaka et al. / Schizophrenia Research 57 (2002) 87-95

(a)

Control group

Schizophrenic group

(b)
Schizophrenic group > Control group

Fig. 3. (a) Significant bilateral amygdalae activation during the positive face discrimination for the control (left) and schizophrenic (right) groups
superimposed on the MNI normalization template images. Since the search region was restricted to the bilateral amygdalae (8.0 mm sphere at
[-22, —6, —16] and [22, — 6, — 16]), small volume correction for multiple comprisons were conducted at extent threshold of p <0.025 for
each of the two regions. (b) The results for group comparison during the positive face discrimination. The schizophrenic group showed greater
activation in the right amygdala compared with the control group (correction for multiple comparison, p=0.010).

p=0.016, right amygdala p<0.001: schizophrenics;
left p=0.020, right p<0.001). The schizophrenic
group showed more prominent activation than the
control group in the right amygdala during the pos-
itive face discrimination (p=0.010) (Table 1, Fig. 2).

During the negative face discrimination compared
with the control condition, the control group showed
significant activation in the right amygdala (p =0.016),
while the schizophrenic group showed significant
activation in the bilateral amygdalae (left p=0.001;
right p<0.001). However, there was no significant
difference between groups during the negative face
discrimination (Table 1, Fig. 2).

Fig. 3a shows significant activation of the bilateral
amygdalae during the positive face discrimination in
the control and schizophrenic groups, and Fig. 3b
shows greater activation of the right amygdala in the
schizophrenic group than in the control group.

In the schizophrenic group, there was no signi-
ficant correlation between the task-related signal
change of the amygdala and daily neuroleptic dosage
during both face discrimination tasks (a Pearson’s
correlation analysis, p > 0.05).

To determine whether the patient and control groups
exhibited differences in amygdala activation due to
laterality and task condition, we conducted three-way
ANOVA for the percentage signal changes in the

amygdala; factors were Group (patients, controls),
Laterality (left, right), and Task condition (positive,
negative face discrimination). While the ANOVA re-
vealed significant main effects of Group (F=20.74,
df=1, 22, p<0.001) and Laterality (F=13.83, df=1,
22, p<0.001), no significant main effect of Task
condition (F=0.599, df=1, 22, p=0.441) and inter-
actions between Group X Laterality (#=0.449, df=1,
22, p=0.504), Group X Task condition (F=0.109,
df=1, 22, p=0.743), Laterality X Task condition
(F=0.026, df=1, 22, p=0.872), and Group X Later-
Laterality X Task condition (#=0.009, df=1, 22, p=
0.927) were observed.

4. Discussion

We hypothesized that schizophrenic patients would
show different amygdala activations during facial
recognition compared with normal controls. In fact,
the present patient group showed greater amygdala
activation than the control group.

Most of the present schizophrenic patients were
taking neuroleptics at the fMRI examination. The
effects of those medications on signal intensity
changes are not yet understood, and some studies
during motor task performance have suggested that



neuroleptics influende fMRI activation patterns of
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al., 1999). With resp
activation, Schneider
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ect to the effects on amygdala
t al. (1998) found no correlation

between signal intensity in the amygdala and the dose
of neuroleptics. In g4ddition, Phillips et al. (1999)
indicated that more abnormal responses were demon-
strated by non-paranoid schizophrenics, who were on a
lower dose of medicpation, compared with paranoid
patients. In the predent study, there was also no
significant correlation| between medication and amyg-
dala activation during|each task condition, suggesting
little influence of neuroleptics on the present findings.

Two previous studies of emotional process-
ing in schizophrenia rgported that patients with schiz-
ophrenia showed lgss amygdala activation than
normal controls (Schpeider et al., 1998; Phillips et
al., 1999). However, the present study demonstrated
contrasting findings of differential amygdala activa-
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phrenics compared
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the previous studies
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perimental paradigms. One of
ised a mood induction task in

which subjects look at happy or sad facial expressions
and use them to help feeling happy or sad, and another
used an implicit task| with regard to emotional pro-
cessing in which subjects were required to discrim-
inate the gender of faces depicting fearful expressions.

However, the task use

d in the present study was a type

of explicit task. The| present explicit task required
judgment and interpretation of emotional faces,
although a mood induction and gender discrimination
task causes a greater instinctive emotional reaction
without such cognitive processes. A previous fMRI

study in normal vo

unteers (Hariri et al., 2000)

showed that decreased amygdala activation correlated
with increased activify in the right inferior frontal
gyrus during an emption labeling task, in which
subjects were required to judge and interpret emo-
tional expressions sindilar to the present explicit task.

Thus, the functional
and prefrontal cortex

network between the amygdala
ay have some influence on the

brain activation during the performance of the task
used in the present styidy.
However, since thg present study was designed to

obtain sufficient resol
small structure, the

tion to detect the activation of a
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scanner, our slice selection did not allow for whole
brain coverage. Future studies using a high-field Tesla
MR scanner to cover the whole brain are needed to
clarify whether the functional network between the
amygdala and other regions (e.g., prefrontal cortex) is
impaired in schizophrenia.

The between-group analysis showed a significant
difference only in the right amygdala activation during
the positive face discrimination. The right hemisphere
is often considered to contribute to emotion-related
information processing (Morrison et al., 1988; Adolphs
et al., 2000). It has been suggested that the right
hemisphere hypersensitivity to emotional material is
the functional basis of schizophrenia (Oepen et al.,
1987). Therefore, the right amygdala overactivation
observed in the present study might help explain the
negative (i.e., paranoid) attributions made to human or
other environmental stimuli in patients with schizo-
phrenia. However, the amygdala responses showed no
significant interactions between Group X Laterality,
Group X Task condition, and Group X Laterality X
Task condition. Thus, the schizophrenic group had a
tendency toward greater amygdala activation bilater-
ally during both task conditions (Fig. 2). In the present
study, we could not conclude on the laterality of the
amygdala activation or the difference of amygdala
responses to the different types of emotion (positive
or negative emotion) in schizophrenia.

Several studies reported thalamic abnormalities in
schizophrenic patients (Pakkenberg, 1990; Braff,
1993; Andreasen et al., 1994; Buchsbaum et al,,
1996). Since the thalamus receives input from the
cortical, subcortical, and brainstem nuclei and plays
an important role in filtering stimuli and sensory
gating, it has been suggested that patients with schiz-
ophrenia may be flooded with information and expe-
rience the signs and symptoms of schizophrenia such
as delusions, hallucinations, or negative symptoms
(Andreasen et al., 1994).

Limbic structures are also hypothesized to contrib-
ute to symptom formation in schizophrenia. Using
PET, Liddle et al. (2000) showed significant decreases
in metabolism in the ventral striatum, thalamus and
frontal cortex of the first-episode schizophrenics after
the first dose of antipsychotic treatment, and a signifi-
cant relationship between the reduction in metabolism
in the left hippocampus after the first dose treatment
and the subsequent reduction in reality distortion after
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6 weeks of treatment. Together with the evidence that
the hippocampus gates the cortico-striato-thalamo-
cortical feedback loops, these findings have been
interpreted as indicating that aberrant hippocampal
firing is involved in the generation of delusions and
hallucinations, and overactivity in the cortico-striato-
thalamic circuits is associated with acute psychosis,
irrespective of symptom profile.

The amygdala is also one of the major sensory
stations and receives an enormous array of convergent
sensory information from the unimodal sensory cortex
(visual, auditory and somatosensory), and polysensory
and limbic association areas (Aggleton, 1993). Since
neuroimaging and lesion studies suggested that the
amygdala was implicated in the interpretation of
emotional significance of sensory stimuli such as
facial expressions, it is suggested that the amygdala
may play a significant role in filtering, gating, and
processing emotional information. Exaggerated amyg-
dala activation during emotional intensity judgment
observed in our schizophrenic patients may suggest
that an impaired sensory gating in this structure results
in flooding with information that contains emotional
significance. Consequently, schizophrenics may have
a predisposition to display an inappropriate mood, a
loss of control over emotion, or affective flattening, or
have difficulty identifying other people’s emotional
status.
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