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Objective: The authors investigated im-
paired differentiation of limbic-prefron-
tal systems by autonomic arousal in
schizophrenia. It was predicted that para-
noid patients would be distinguished by
a disjunction of hyperarousal but re-
duced amygdala and medial prefrontal
activity relative to both healthy compari-
son subjects and patients with nonpara-
noid schizophrenia.

Method: Pictures depicting facial expres-
sions of fear were presented to 27 schizo-
phrenia patients (13 paranoid, 14 non-
paranoid) and 22 matched healthy
comparison subjects in an implicit percep-
tion task to evoke limbic activity. Simul-
taneous functional magnetic resonance
imaging and skin conductance arousal re-
cordings were acquired during presenta-
tion of faces expressing fear or neutral
emotion. Responses to fear stimuli were
further examined by contrasting those
that were associated with a skin conduc-
tance response (“with arousal”) and those
that were not (“without arousal”).

Results: In the comparison subjects,
arousal dissociated amygdala/medial pre-
frontal (“visceral”) networks and hippo-
campus/lateral prefrontal (“context”)
networks for fear perception. Excessive
arousal responses were elicited in the
schizophrenia subjects, but there was an
associated reduction in amygdala/medial
prefrontal activity. This disjunction was
pronounced in paranoid patients relative
to both healthy subjects and nonparanoid
patients. Paranoid patients also showed a
relatively greater prefrontal deficit for
“without-arousal” responses.

Conclusions: This is the first study to re-
veal a functional disconnection in auto-
nomic and central systems for processing
threat-related signals in patients with
paranoid schizophrenia. Paranoid cogni-
tion may reflect an internally generated
cycle of misattribution regarding incom-
ing fear signals due to a breakdown in the
regulation of these systems.

(Am J Psychiatry 2004; 161:480-489)

r]?here is a convergence of evidence from neuropsycho-
logical, psychophysiological, and neuroimaging studies
that breakdowns in temporolimbic-prefrontal circuits are
central to the expression of schizophrenia (1-4). Limbic-
prefrontal systems show a reciprocal modulatory relation-
ship with autonomic (“body”) arousal via connections
with brainstem arousal circuits (5, 6). Abnormalities in
both tonic and phasic autonomic arousal have been ob-
served in chronic, first-episode, and high-risk samples (7,
8). We investigated limbic-prefrontal and arousal dysfunc-
tion in schizophrenia during perception of facial expres-
sions. A growing number of studies have observed that im-
pairments in facial emotion perception in schizophrenia
patients are most pronounced for threat-related expres-
sions such as fear (9, 10). In healthy subjects, fear stimuli
typically evoke limbic and prefrontal activity, with prefer-
ential engagement of the amygdala (11-14).

In a previous functional magnetic resonance imaging
(fMRI) study of healthy subjects, we used simultaneous re-
cording of skin conductance responses to examine the dif-
ferentiation of limbic-prefrontal systems by autonomic
arousal (14). Amygdala and medial prefrontal activity was
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associated specifically with fear stimuli that evoked a pha-
sic skin conductance arousal response. This pattern of ac-
tivity may represent a “visceral” system subserving the
subjective appraisal of threat (15-19). By contrast, distinct
hippocampus lateral prefrontal activity was elicited by
stimuli that did not evoke arousal responses and may rep-
resent a “context” system for integrating the declarative
context of emotionally significant stimuli (16, 19, 20). To
date, schizophrenia deficits in the engagement of these
limbic-prefrontal circuits have not been examined in rela-
tion to autonomic arousal.

In this study, we applied the technique for simultaneous
fMRI and skin conductance recordings in a comparison of
schizophrenia patients and a larger group of healthy com-
parison subjects. Schizophrenia was considered in terms
of paranoid and nonparanoid subgroups, given our previ-
ous observation that neural responses to fear differ across
these subtypes (21). Our predictions drew on neurophysio-
logical evidence for a disjunction in autonomic and central
responses to emotion in schizophrenia (7). We hypothe-
sized that schizophrenia patients would show dysregula-
tion most apparent in the visceral system: abnormally
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TABLE 1. Characteristics of Patients With Paranoid and Nonparanoid Schizophrenia Presented With Facial Expressions of
Fear or Neutral Emotion to Assess Limbic-Prefrontal System Response to Autonomic Arousal

Patients With Paranoid Patients With Nonparanoid

Measure Schizophrenia (N=13) Schizophrenia (N=14)
N % N %
Sex
Male 8 61.5 9 64.3
Female 5 38.5 5 35.7
Mean SD Mean SD
Age (years) 26.8 9.1 27.8 10.4
Antipsychotic dose (mg/day in chlorpromazine equivalents) 375.1 290.6 3393 240.3
New Adult Reading Test (estimated Q) 112.6 8.3 107.31 9.9
Recognition of emotional expression (% correct)
Fear 52 24 60 17
Neutral 71 17 58 18
Positive and Negative Syndrome Scale scores
Positive subscale items
Delusions 5.2 1.2 2.1° 1.1
Suspiciousness 52 1.4 2.42 1.0
Grandiosity 3.7 1.7 1.52 0.9
Excitement 3.7 0.6 1.62 0.8
Hallucinations 33 2.0 24 1.5
Disorganization 2.6 0.7 1.9 0.9
Hostility 22 1.2 1.6 0.9
Negative subscale items
Blunted affect 3.7 0.8 34 0.6
Emotional withdrawal 34 0.9 2.7 1.1
Poor rapport 2.8 1.0 2.4 0.8
Passive/apathy 3.1 0.7 2.4 0.8
Abstract thinking 4.0 1.4 3.1 1.4
Lack of spontaneity 32 13 2.4 1.0
Stereotyped thinking 1.9 0.9 2.4 13
General psychopathology 40.7 8.6 331 9.6

a Significantly different (according to t test) from score of patients with paranoid schizophrenia (p<0.03).

enhanced arousal (reflecting a heightened autonomic sen-
sitivity to fear) but reduced activity in amygdala-medial
prefrontal regions. Given the threat-related emotional con-
tent of paranoia, we predicted that this disjunction would
distinguish paranoid patients in particular.

Method

Subjects

Twenty-seven schizophrenia outpatients (mean age=27.3
years, SD=9.6) and 22 healthy comparison subjects (mean age=
27.2 years, SD=8.1) matched on age and sex distribution (schizo-
phrenia patients: 17 men and 10 women; comparison subjects: 14
men and eight women) took part. Diagnoses of schizophrenia
were based on the Composite International Diagnostic Interview
(22) and consensus by three psychiatrists (two independent from
the study), according to DSM-IV criteria. Exclusion criteria for
both groups were left-handedness, neurological disorder or head
injury, mental retardation, and meeting DSM-IV criteria for drug
dependence as assessed with the Composite International Diag-
nostic Interview Section M and the Westmead Hospital Clinical
Information Base (23). Comparison subjects were also screened
for history of a psychiatric illness (in themselves or a first-degree
relative) or treatment with psychiatric medication. Schizophrenia
and comparison subjects did not differ significantly in terms of
mean IQ, indexed by estimated IQ derived from New Adult Read-
ing Test (24) errors (comparison subjects: mean=114.3 [SD=9.4];
schizophrenia patients: mean=110.07 [SD=4.1]).

Mean duration of illness for schizophrenia patients was 4.1
years (SD=2.8). All patients were receiving atypical medication
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(risperidone [N=14], olanzapine [N=7], clozapine [N=5], or que-
tiapine [N=1]), and the mean daily dose (in chlorpromazine
equivalents [25]) was 356.5 mg (SD=261.1). Schizophrenia symp-
toms were rated with the Positive and Negative Syndrome Scale
(26). Converging assessment served to delineate subgroups. The
“paranoid” subgroup (N=13) was defined by a profile of high
scores (>3) on four of the positive items of the Positive and Nega-
tive Syndrome Scale (delusions, suspiciousness, grandiosity, and
excitement), whereas the “nonparanoid” subgroup (N=14) was
defined by comparatively low scores (<3) on these items. Inde-
pendent-group t tests (corrected alpha=0.003) confirmed that
paranoid and nonparanoid groups differed significantly on these
four items (Table 1). By contrast, they did not differ significantly
on the remaining Positive and Negative Syndrome Scale positive
items (hallucinations, conceptual disorganization, hostility) nor
on Positive and Negative Syndrome Scale negative items (Table
1). In addition, paranoid and nonparanoid subgroups were com-
parable in age, sex distribution, chlorpromazine equivalent dos-
age, New Adult Reading Test errors, and scores on the general psy-
chopathology subscale of the Positive and Negative Syndrome
Scale (Table 1). Paranoid patients also met the DSM-1V criteria for
the paranoid subtype of schizophrenia.

After complete description of the study, each subject provided
written informed consent in accordance with National Health
and Medical Research Council ethical guidelines.

Behavioral Task

The experimental paradigm followed that of Williams et al.
(14). Subjects viewed standardized gray-scale pictures depicting
facial expressions of fear or neutral emotion. Four blocks of fear-
ful expressions alternated with four blocks of neutral expressions,
and block order was counterbalanced. Within blocks, eight indi-
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FIGURE 1. Skin Conductance Responses to Pictures Depicting Facial Expressions of Fear or Neutral Emotion in Patients
With Paranoid or Nonparanoid Schizophrenia and Healthy Comparison Subjects
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vidual faces were presented randomly for 3 seconds with a 0.75-
second interstimulus interval. Subjects carried out a sex classifi-
cation task for each face, so that the effect of fear was incidental.
After scanning, subjects identified the emotion on each face by
selecting from seven emotion labels (fear, disgust, anger, sadness,
happiness, surprise, neutral expression).

Imaging Protocols

During the behavioral paradigm, 64 T»-weighted images de-
picting contrasts in blood-oxygen-level-dependent (BOLD) re-
sponses were acquired by using a Siemens 1.5-T VISION Plus
system at 18 axial 6-mm slices (gap=0.6 mm) parallel to the inter-
commissural line (TE=40 msec, TR=3 seconds, matrix=128x128).

Data for skin conductance arousal responses were acquired si-
multaneously by using a customized electrodermal skin conduc-
tance system (14), which did not require postacquisition data fil-
tering. Silver-silver chloride electrodes with 0.05 M sodium
chloride gel were placed on the distal phalanges of digits I and III
of the left hand.

Data Analysis

The methods used for fMRI analysis have been described else-
where in detail (14, 27). Following motion correction, the experi-
mental design was convolved with two Poisson functions repre-
senting hemodynamic delays of 4 and 8 seconds, and the best fit
(least-squares) to the weighted sum of these two convolutions
was computed at each voxel. The ratio (SSQratio) of the sums of
squares attributable to the fitted time series (SSQfit) versus the re-
siduals (SSQresid) was calculated. SSQfit was randomly permuted
to provide 10 estimates of SSQratio at each voxel and combined
over all voxels to give the null distribution (27). Observed and per-
muted SSQratio statistic maps were then transformed into stan-
dard space. Median SSQratio maps for each group were con-
structed at the p<0.001 level of significance. Between-group
differences in activation were estimated by fitting a one-way anal-
ysis of variance (ANOVA) model to generate a map of the main ef-
fect of group at each voxel. This map was thresholded to generate
a set of spatially contiguous three-dimensional clusters of su-
pratheshold voxel statistics, and the sum of these statistics in
each cluster (minimum of 3 voxels) was tested against its per-
muted null distribution at p<0.01 (two-tailed).

Skin conductance response data were scored by using a sig-
moid-exponent model that represents the skin conductance re-
sponse in mathematical form (28). Skin conductance responses
were defined as unambiguous (>0.05 uS) increases in skin con-
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ductance with respect to prestimulus baseline, 1-3 seconds post-
stimulus (29, 30). The equivalent time course of the BOLD and
skin conductance responses made it feasible to extract concur-
rent brain and arousal responses to individual face stimuli. To ex-
amine fMRI BOLD responses in relation to skin conductance re-
sponses, we first formed two subsets of fear stimuli for each
subject, referred to as “with-arousal” and “without-arousal” stim-
uli. “With-arousal” fear stimuli were those in which the onset of a
phasic skin conductance response had occurred within the 3-sec-
ond stimulus duration. “Without-arousal” stimuli were those that
did not elicit a skin conductance response within this period (14).

The schizophrenia and healthy groups were first compared in
terms of averaged activity for fearful versus neutral expressions by
using the aforementioned fMRI analysis. They were then com-
pared in terms of subaveraged activity contrasts for “with-
arousal” versus “without-arousal” responses to facial expressions
of fear using the same analytic procedure. Parallel contrasts com-
pared paranoid and nonparanoid schizophrenia subgroups to
comparison subjects and to each other. ANOVAs (with expression
[fearful versus neutral] as a within-subject factor and diagnosis as
a between-group factor) and t tests were used to analyze behav-
ioral and skin conductance response data.

Results

Schizophrenia Versus Comparison Subjects

Recognition accuracy and skin conductance re-
sponse. Emotion recognition accuracy was generally
and significantly impaired in the schizophrenia patients
(fear: mean=57% correct [SD=23%]; neutral: mean=65%
correct [SD=19%]) relative to the comparison subjects
(fear: mean=78% correct [SD=21]; neutral: mean=83% cor-
rect [SD=14]) (F=5.2, df=1, 47, p<0.0001). There was no sig-
nificant group-by-emotion (fear versus neutral) interac-
tion. Differences in recognition also did not covary with
either New Adult Reading Test errors or chlorpromazine
equivalent measures of medication.

Schizophrenia subjects produced significantly more
skin conductance responses than comparison subjects
following presentation of facial expressions depicting
both fear (t=2.8, df=47, p=0.008) and neutral emotion (t=
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FIGURE 2. Regional Activation Maps of BOLD Response to Pictures Depicting Facial Expressions of Fear Versus Neutral
Emotion in Schizophrenia Patients (N=27) and Healthy Comparison Subjects (N=22)
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a Response relative to that seen following presentation of neutral facial expression.
b picture elicited a skin conductance response within the 3-second stimulus duration.
¢ Picture did not elicit a skin conductance response within the 3-second stimulus duration.

3.6, df=47, p=0.001) (Figure 1). In within-group analyses,
expressions of fear were distinguished from neutral ex-
pressions in the comparison subjects by more frequent
skin conductance responses (t=3.2, df=21, p=0.005). For

Am | Psychiatry 161:3, March 2004

schizophrenia subjects, there was a relatively greater am-
plitude of skin conductance response to expressions of
fear, but the difference was nonsignificant (t=1.7, df=26,
p=0.09) (Figure 1).
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TABLE 2. Regions of Significant BOLD Response to Pictures Depicting Facial Expressions of Fear Versus Neutral Emotion in
Schizophrenia Patients (N=27) and Healthy Comparison Subjects (N=22)

Talairach Coordinates?

Brodmann’s Cluster
Stimulus, Group, and Region Area Side X y z Size
Facial expression of fear®
Comparison subjects
Amygdala Left -22 -7 -9 8
Right 22 =10 -9 4
Hippocampus Left -20 -35 0 5
Medial prefrontal cortex 9/10 Right 18 32 35 12
Left =11 52 35 4
Anterior cingulate 24/32 Right 11 28 14 5
Lateral prefrontal cortex 44 Right 40 10 21 9
Thalamus Left -18 -18 18 4
Visual cortex (fusiform gyrus) 19 Right 18 -66 -9 5
Right 25 -80 -14 16
Schizophrenia < comparison subjects
Amygdala Right 25 -7 -9 8
Midbrain (central gray) Right 7 -24 -4 22
Medial prefrontal cortex/anterior cingulate 32/9 Right 18 34 21 15
Lateral prefrontal cortex 9 Right 51 10 35 21
Visual (fusiform gyrus) 37 Left -36 -49 -14 17
Fearful expression with arousal®
Comparison subjects
Amygdala Left -22 -4 -14 5
Junction of amygdala and superior temporal gyrus 38 Right 29 7 -14
Midbrain (central gray) Left -18 -35 -14 7
Middle temporal gyrus 21 Left -43 -18 -14 6
Medial prefrontal cortex/anterior cingulate 9/32 Left —4 46 24 8
Right 18 24 28 6
Primary motor cortex 4 Left -29 4 24 5
Schizophrenia < comparison subjects
Amygdala Left -32 0 -14 11
-29 0 -18 6
Midbrain (central gray) Left -10 -32 -14 16
Middle temporal gyrus 21 Left -47 -7 -14
Medial prefrontal cortex/anterior cingulate 8/32 Right 20 34 38 15
Left -18 24 38
Visual cortex (cuneus) 19 Right 11 -76 32 10
Fearful expression without arousald
Comparison subjects
Hippocampus Right 25 -32 -7 6
Lateral prefrontal cortex 9 Right 36 24 28 5
Superior temporal gyrus 22 Right 51 -14 7 30
Thalamus Right 4 -18 4 6
Visual cortex (lingual gyrus) 18 Left -7 -80 -4 15
Schizophrenia < comparison subjects
Superior temporal gyrus 42 Right 54 -18 10 17
Thalamus Right 11 -18 10 17
Postcentral gyrus 1/2 Right 58 -21 24 6
Visual cortex (inferior parietal/middle temporal cortex) 39 Left -29 -52 24 8

@ The cluster with the largest number of voxels within each region is reported. Talairach coordinates (in millimeters) refer to the voxel with the

maximum signal change in each cluster.

b Relative to response seen following presentation of neutral facial expression.
¢ Picture elicited a skin conductance response within the 3-second stimulus duration.
d Picture did not elicit a skin conductance response within the 3-second stimulus duration.

BOLD response. In averaged contrasts for facial expres-
sions of fear relative to neutral emotion, comparison sub-
jects showed significantly increased bilateral BOLD re-
sponses in the amygdala and significant increases in the
hippocampus, medial prefrontal cortex (extending to the
anterior cingulate gyrus and lateral prefrontal cortex),
thalamus, and visual cortices (most prominent in bilateral
fusiform gyri) (Figure 2 [images A and B], Table 2).
Schizophrenia patients showed significantly reduced
activity relative to the comparison subjects in the right
amygdala, related central gray region, both medial and lat-
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eral prefrontal cortices, and bilateral fusiform gyri (Figure
2 [images C and D], Table 2). Left amygdala activity was
also comparatively reduced at a level that approached sig-
nificance (p=0.06).

In subaveraged contrasts for “with-arousal” expressions
of fear (i.e., those eliciting a skin conductance response
within the 3-second stimulus duration), significant activity
in comparison subjects was localized to the left amygdala
and medial prefrontal cortex, extending to the anterior cin-
gulate gyrus (Figure 2 [images E and F], Table 2). Activity
was also observed in the central gray and middle temporal

Am | Psychiatry 161:3, March 2004
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FIGURE 3. Regional Activation Maps of Significant Differences in BOLD Response to Pictures Depicting Facial Expressions
of Fear Versus Neutral Emotion in Patients With Paranoid (N=13) or Nonparanoid (N=14) Schizophrenia and Healthy

Comparison Subjects (N=22)
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a Response relative to that seen following presentation of neutral facial expression.
b picture elicited a skin conductance response within the 3-second stimulus duration.
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regions connected to the amygdala and in the primary mo-
tor cortex (Table 2). By contrast, significant activity following
“without-arousal” expressions of fear (i.e., those that did not
elicit a skin conductance response within the 3-second
stimulus duration) was restricted to the right hippocampus
and lateral prefrontal cortex, with additional activity in the
visual processing stream, including the thalamus and supe-
rior temporal gyrus (Figure 2 [images G and HJ, Table 2).

Schizophrenia patients showed significantly lower ac-
tivity in the specific “with-arousal” regions observed in the
comparison subjects: bilateral amygdala, related central
gray and middle temporal areas, and medial prefrontal
cortex (Figure 2 [images I and J], Table 2). An additional re-
duction in the visual (cuneus) region was also observed
(Table 2). “Without-arousal” responses showed a less spe-
cific pattern of reduced activity in the superior temporal
gyrus, thalamus, postcentral gyrus (secondary somato-
sensory cortex), and visual (inferior parietal/temporal) re-
gions (Figure 2 [images K and L], Table 2).

Am | Psychiatry 161:3, March 2004

There were no significant correlations between regions of
reduced activity and either New Adult Reading Test errors
or chlorpromazine equivalent dosage in schizophrenia
subjects for averaged analyses or the subaveraged “with-
arousal” and “without-arousal” analyses. In these analyses,
there were also no regions in which schizophrenia subjects
showed greater activity than comparison subjects.

Paranoid Versus Nonparanoid Subgroups

Recognition accuracy and skin conductance re-
sponse. There was a significant interaction (F=11.1, df=1,
25, p=0.003) between group (paranoid versus nonpara-
noid) and emotional expression (fear versus neutral) that
was due to the relatively greater impairment for recogni-
tion of fear in paranoid patients (Table 1). These differ-
ences did not covary with either New Adult Reading Test
errors or chlorpromazine equivalent dosage.

Fear stimuli evoked a greater number of skin conduc-
tance responses for paranoid than nonparanoid subjects
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TABLE 3. Regions of Significant Differences in BOLD Response to Pictures Depicting Facial Expressions of Fear Versus Neutral
Emotion in Patients With Paranoid (N=13) or Nonparanoid (N=14) Schizophrenia and Healthy Comparison Subjects (N=22)

Talairach Coordinates?

Brodmann’s Cluster
Stimulus, Comparison, and Region Area Side X y z Size
Facial expression of fear®
Paranoid patients < healthy subjects
Amygdala Right 25 -7 -9 7
Visual cortex (fusiform gyrus) 19 Left -36 —66 -9 7
Visual cortex (lingual gyrus) 17/18 Right 25 -88 -9 10
Anterior cingulate 24 Right 18 27 21 10
Left -18 -94 -9 6
Midbrain (central gray) Right 11 -32 -9 3
Nonparanoid patients < healthy subjects
Hippocampus/hippocampal gyrus Right 18 -42 4 14
Anterior cingulate 24 Right 18 24 21 10
Paranoid patients < nonparanoid patients
Visual cortex (fusiform gyrus) 19 Right 36 -49 -7 24
Left -36 -63 —4 15
Visual cortex (lingual gyrus) 17/8 Left -11 -91 -7 17
Right 7 =75 -7 16
Medial prefrontal, extending laterally (dorsal) 8 Right 15 45 46 15
Nonparanoid patients < paranoid patients
Medial prefrontal cortex (ventral) 10 Right 22 50 0 10
Fearful expression with arousal®
Paranoid patients < healthy subjects
Amygdala Left -32 0 -14 15
Left -29 0 -18 5
Midbrain (central gray) Left -11 -30 -14 19
Medial prefrontal cortex/anterior cingulate 32/8 Left -18 24 38 14
Nonparanoid patients < healthy subjects
Cerebellum Left -18 -56 24 16
Medial prefrontal 9 Left -18 48 24 9
Paranoid patients < nonparanoid patients
Amygdala Left -29 -4 -14 13
Nonparanoid patients < paranoid patients
Cerebellum Left -4 -60 =21 21
Right 4 -80 =21 12
Fearful expression without arousald
Paranoid patients < healthy subjects
Lateral prefrontal cortex 9 Left -36 25 28 9
Superior temporal gyrus 38 Right 36 7 -24 6
Nonparanoid patients < healthy subjects
Superior temporal gyrus 42 Right 54 -18 10 16
Paranoid patients < nonparanoid patients
Lateral prefrontal cortex, extending medially 44 Left -32 28 24 7
Nonparanoid patients < paranoid patients
Visual (cuneus) 18/19 Left -18 -78 28 13

4 The cluster with the largest number of voxels within each region is reported. Talairach coordinates (in millimeters) refer to the voxel with the

maximum signal change in each cluster.

b Relative to response seen following presentation of neutral facial expression.
¢ Picture elicited a skin conductance response within the 3-second stimulus duration.
d Picture did not elicit a skin conductance response within the 3-second stimulus duration.

(t=4.0, df=24, p=0.001) (Figure 1). Mean skin conductance
response amplitude for fear was also greater for paranoid
subjects (t=2.1, df=24, p<0.05) (Figure 1). By contrast,
paranoid and nonparanoid patients did not differ in either
number of amplitude or skin conductance responses to
neutral faces.

BOLD response. In averaged contrasts for facial expres-
sions of fear relative to neutral emotion (Figure 3 [images
A-D], Table 3), paranoid subjects showed significantly re-
duced activity, relative to comparison subjects, in the
amygdala and related central gray area, anterior cingulate
region of the medial prefrontal cortex, and visual regions
(including the fusiform gyrus). The dorsal portion of the
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medial prefrontal cortex and the visual regions were also
areas of significant reduction compared with nonpara-
noid patients. By contrast, nonparanoid patients showed a
significant reduction, relative to comparison subjects, in
the hippocampal gyrus and showed no reductions in the
amygdala. Nonparanoid subjects were also significantly
impaired relative to comparison subjects in the anterior
cingulate region of the medial prefrontal cortex but were
distinguished from paranoid patients by a greater impair-
ment in the ventral portion of this region.

In subaveraged contrasts for “with-arousal” responses
(Figure 3 [images E-H], Table 3), paranoid patients showed
reduced activity, relative to comparison subjects, in the
amygdala, related central gray area, and medial prefron-
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tal/anterior cingulate cortex. The reduction in amygdala
activity was also apparent relative to nonparanoid pa-
tients. While nonparanoid patients also showed a “with-
arousal” reduction, relative to comparison subjects, in the
medial prefrontal cortex, it was only the additional reduc-
tion in cerebellar activity that was reduced relative to
paranoid patients.

For “without-arousal” responses (Figure 3 [images I-L],
Table 3), paranoid patients showed reduced activity rela-
tive to comparison subjects in the lateral prefrontal cortex
and superior temporal gyrus. The lateral prefrontal reduc-
tion was also the region of significant reduction compared
with nonparanoid patients. Nonparanoid patients showed
a similar reduction, relative to comparison subjects, in the
superior temporal gyrus, but they did not differ from para-
noid patients in this region. The nonparanoid group was
reduced compared with paranoid patients only in the vi-
sual (cuneus) region.

Discussion

Consistent with previous findings (11-14), implicit pro-
cessing of fearful faces in healthy subjects was subserved
by activity in limbic, prefrontal, and visual brain regions.
Skin conductance arousal responses differentiated dis-
tinct “with-arousal” amygdala/medial prefrontal activity
from “without-arousal” hippocampus/lateral prefrontal
activity. Amygdala activity was also associated with re-
sponses in the anatomically connected central gray re-
gion, which may reflect functional projections to the auto-
nomic networks via the brainstem (6, 15). These networks
accord with our earlier finding, in a smaller sample, that
arousal dissociates a “visceral” from “context” system (14).
Medial prefrontal involvement may allow for the cognitive
appraisal of visceral input and subsequent decision mak-
ing (18, 19). By contrast, the lateral prefrontal cortex re-
ceives considerable innervation from the hippocampus
(with only meager amygdala connections) and may sub-
serve processing of stimulus context in working memory
(16, 20).

Schizophrenia impairments were due primarily to a dys-
function of the visceral network, which was most pro-
nounced in paranoid patients. Notably, paranoid patients
produced excessive arousal responses relative to both
comparison subjects and to nonparanoid patients, sug-
gesting a heightened autonomic responsivity to threat-re-
lated signals in this group. By contrast, arousal responses
for nonparanoid patients were similar to those for healthy
comparison subjects. Despite enhanced arousal, paranoid
patients showed a reduction in “with-arousal” amygdala,
central gray area, and dorsomedial prefrontal activity. In
these patients, there was a particularly marked reduction
in “with-arousal” amygdala activity relative to both healthy
subjects and nonparanoid patients.

Nonparanoid schizophrenia patients also showed a re-
duction in “with-arousal” medial prefrontal activity (in
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this case, the ventral portion) but were distinguished by a
“with-arousal” reduction in cerebellar, rather than amyg-
dala, activity. There was a further distinctive reduction in
hippocampal gyrus activity for nonparanoid patients in
the general averaged response to fear. This pattern sug-
gests that nonparanoid schizophrenia impairments in
emotion perception do not reflect a specific dysfunction
of the visceral network. Rather, they may be due to a gen-
eral inability to coordinate and contextualize salient stim-
uli via cerebellar-hippocampal-prefrontal circuits, which
is independent of any abnormalities in feedback from
autonomic arousal. This proposal accords with neuro-
physiological evidence that the failure to contextualize
task-relevant signals is apparent in frontal brain regions in
negative symptom schizophrenia during periods of phasic
arousal (23).

For “without-arousal” stimuli, schizophrenia patients as
a group did not show specific reductions in the context
(hippocampus/lateral prefrontal) network. However, para-
noid patients were distinguished by a reduction in the lat-
eral prefrontal cortex (extending medially) relative to both
healthy subjects and to nonparanoid patients. This reduc-
tion suggests that paranoid patients may have an addi-
tional deficit in the integration of threat-related signals in
working memory. This deficit may reflect a consequence of
the ineffective processing of these incoming signals via the
visceral network. Both paranoid and nonparanoid patients
showed an impairment in “without-arousal” superior tem-
poral gyrus function, consistent with the impairment in
general face and emotion processing observed in these
patients (13).

Taken together, the findings suggest that paranoid
schizophrenia is characterized by a specific disjunction of
arousal and amygdala-prefrontal circuits that leads to im-
paired processing of significant, particularly threat-re-
lated, signals. The pattern of excessive arousal but re-
duced amygdala activity in paranoid patients points to a
dysregulation in the normal cycle of mutual feedback be-
tween amygdala function and somatic state (autonomic
activity). The concomitant lack of “with-arousal” medial
prefrontal engagement suggests that this region cannot
undertake its usual role in regulating amygdala-auto-
nomic function, leading to a perseveration and exacerba-
tion of arousal responses (18, 19). A functional breakdown
of autonomic-amygdala-prefrontal systems could readily
lead to an internally generated cycle of hypervigilance and
misattribution that feeds into paranoid cognition (31).

Given evidence for habituation of amygdala responses
(32, 33), group differences in habituation might be consid-
ered as an alternative account of the present findings.
However, the abnormally high number and magnitude of
skin conductance responses in schizophrenia subjects,
and their spread across all trials and face stimuli, in-
dicated that we might discount a simple hypothesis of
greater amygdala habituation in these individuals. Previ-
ous skin conductance response studies have also reported
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a comparative failure of habituation in schizophrenia and
in “at-risk” samples (34, 35).

Combined functional and structural imaging studies are
warranted to explore the possible role of structural deficits
(1) in these limbic-prefrontal disturbances. Consideration
of more specifically defined syndromes and gender differ-
ences with a larger sample is also warranted, given evi-
dence from neuroimaging, neuropsychology, and neuro-
physiology studies that brain function and structure differ
across both sex and symptom profile (1, 23, 36). In addi-
tion, this study demonstrates the value of the concurrent
fMRI-skin conductance response technique for future in-
vestigations of treatment in schizophrenia. The arousal-
inhibiting effect of atypical antipsychotic treatments was a
key factor in initiating their development, and these
agents are designed to more specifically target dopamine
receptors in the limbic system (37). The approach em-
ployed in this study provides a means to study both the
arousal and limbic-prefrontal effects of atypical medica-
tions within a single paradigm.
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