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Previous work examining the neurobiological substrates
of social cognition in healthy individuals has reported mod-
ulation of a social cognitive network such that increased ac-
tivation of the amygdala, fusiform gyrus, and superior
temporal sulcus are evident when individuals judge a face
to be untrustworthy as compared with trustworthy. We ex-
amined whether this pattern would be present in individuals
with schizophrenia who are known to show reduced activa-
tion within these same neural regions when processing faces.
Additionally, we sought to determine how modulation of this
social cognitive network may relate to social functioning.
Neural activation was measured using functional magnetic
resonance imaging with blood oxygenation level dependent
contrast in 3 groups of individuals—nonparanoid individuals
with schizophrenia, paranoid individuals with schizophrenia,
and healthy controls—while they rated faces as either trust-
worthy or untrustworthy. Analyses of mean percent signal
change extracted from a priori regions of interest demon-
strated that both controls and nonparanoid individuals
with schizophrenia showed greater activation of this social
cognitive network when they rated a face as untrustworthy
relative to trustworthy. In contrast, paranoid individuals did
not show a significant difference in levels of activation based
on how they rated faces. Further, greater activation of this
social cognitive network to untrustworthy faces was signif-
icantly and positively correlated with social functioning.
These findings indicate that impaired modulation of neural
activity while processing social stimuli may underlie deficits
in social cognition and social dysfunction in schizophrenia.

Key words: schizophrenia/paranoia/amygdala/fusiform
gyrus/trustworthiness/fMRI

Introduction

Social cognition, a construct broadly referring to the
cognitive processes involved in how individuals perceive,
interpret, and process social information,1,2 has become
of increasing interest within schizophrenia research.
Prompting this interest is a considerable body of work
demonstrating that individuals with schizophrenia are
impaired across a number of social cognitive domains in-
cluding emotion perception, theory of mind (the ability to
infer the intentions of others), and attributional style.3

Further, these deficits have been directly linked to social
functioning4 and social behavior.5–7 Several studies sug-
gest that social cognition mediates the relationship be-
tween neurocognition and social functioning,8–10 and
others suggest that social cognitive abilities may be a bet-
ter predictor of social functioning than cognitive
abilities.5,11,12 These studies underscore the vital impor-
tance of social cognition in schizophrenia and indicate
that work exploring the underlying mechanisms of social
cognitive dysfunction is necessary.
Based on work with healthy individuals, neurobiolog-

ical models of social cognition have confirmed that an
interactive network of specific neural regions is recruited
for the processing of social information.1,2,13 This net-
work primarily includes the fusiform gyrus (FG) and
superior temporal sulcus (STS), which underlie face
processing14,15; the medial prefrontal cortex (MPFC),
which underlies theory of mind16,17; and the amygdala
(AMYG), which is integral to detecting threat, recogniz-
ing emotion, and making complex social judgments.18,19

These models suggest that impairments in this neural net-
work may be related to the behavioral deficits in social
cognition evidenced in schizophrenia, and indeed, several
studies have demonstrated that individuals with schizo-
phrenia show abnormal activation of this social cognitive
circuit while processing social stimuli.20

Interestingly, these abnormalities, particularly in
AMYG functioning, appear to vary across symptom-
defined subgroups based on the presence or absence of
specific symptoms such as flat affect or paranoid ideation
(reviewed in Pinkham et al.21). Of importance here, recent
studies have demonstrated that paranoid individuals with
schizophrenia show reduced activation of the AMYG rel-
ative to nonparanoid individuals and healthy controls
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during tasks of emotion recognition.22–24 We recently
replicated and extended this finding by assessing neural
activation in healthy individuals, individuals with an au-
tism spectrum disorder, nonparanoid individuals with
schizophrenia, and paranoid individuals with schizophre-
nia while they made complex social judgments (ie, trust-
worthiness judgments) of faces.25 We found that the
paranoid group not only showed less AMYG activation
than the healthy and nonparanoid groups but also re-
duced activation of the fusiform face area of the FG
and the ventrolateral prefrontal cortex (VLPFC), a region
implicated in evaluative judgments and modulation of
AMYG activity while viewing faces.26–28

Because this first analysis emphasized a comparison
between individuals with schizophrenia and individuals
with autism spectrum disorders, we assessed group differ-
ences in neural activation across the entire task of rating
trustworthiness. However, 2 recent studies assessing
trustworthiness evaluations in healthy individuals have
demonstrated that the degree of activation within social
cognitive neural regions is modulated by properties of the
stimulus, namely how trustworthy a face appears.29,30

Both studies found greater activation of the AMYG
when a face was rated as untrustworthy compared
with trustworthy, and Winston et al.30 also reported
greater activation of bilateral FG and bilateral STS for
untrustworthy faces relative to trustworthy faces. In
this follow-up analysis, we sought to determine if a similar
pattern of greater activation for untrustworthy faces
would be evident in individuals with schizophrenia and
if this pattern would differ between paranoid and non-
paranoid subgroups. Further, given that the previously
reported differences between schizophrenia subgroups
could be driven by neural responses to trustworthy faces,
untrustworthy faces, or both, this new analysis is a critical
next step for understanding the reported dysfunction.
Based on neurobiological models of social cognition

and our previous work, the AMYG, FG, STS, VLPFC,
and MPFC formed the regions of interest (ROIs) for our
statistical analyses. Given that nonparanoid individuals
tend to show comparable levels of neural activation rel-
ative to controls, we predicted that both the control
and nonparanoid groups would show greater activation
of this social cognitive network when a face was rated as
untrustworthy. Paranoia, however, may involve the in-
ability to correctly differentiate threatening from non-
threatening information, particularly when stimuli are
ambiguous.31,32 We thus hypothesized that this lack of
differentiation would be reflected in reduced modulation
of this social cognitive network in paranoid individuals
relative to the other groups.
Moreover, as a primary focus of this current analysis,

we examined whether modulation of this social cognitive
network would relate to social functioning. An important
goal of functional neuroimaging is to elucidate brain-
behavior relationships, and here, we sought to further

our previous work by linking neural activation to a clin-
ically meaningful outcome. Recent works utilizing con-
tinuum-based models of paranoia have examined the
relationship between social behaviors and paranoia
and found that both paranoid individuals with schizo-
phrenia and healthy individuals with subclinical levels
of paranoid ideation show more behaviors indicative
ofmistrust such as sitting further away from research per-
sonnel and taking longer to read consent forms.33,34 It is
possible that these behavioral tendencies may be related
to specific patterns of neural activation. In light of this
work and the aforementioned associations between social
cognition and social functioning, we anticipated that
a greater degree of modulation would be positively cor-
related with better social functioning across all groups.

Methods

Raw imaging data and behavioral measures of task per-
formance were obtained from a previously reported study
examining the neural bases of trustworthiness judgments
in schizophrenia and autism spectrum disorders.25

Assessments of social functioning were collected as
part of this larger study but have not previously been
reported.

Subjects

Participants were 12 individuals with schizophrenia
(n = 9) or schizoaffective disorder (n = 3) without para-
noid symptoms (nonparanoid schizophrenia, NP-SCZ),
12 individuals with schizophrenia (n = 8) or schizoaffec-
tive disorder (n = 4) with prominent paranoid symptoms
(paranoid schizophrenia, P-SCZ), and 12 nonclinical
healthy control individuals. All participants were male,
were 18–35 years old, reported no history of head injury,
self-identified as right-handed, had a visual acuity of
20/20 (natural or corrected via contact lenses), and did
not currently meet criteria for substance abuse or depen-
dence. Additional inclusion criteria for controls were
a lack of psychotic or affective disorders in themselves
and first-degree relatives. Individuals in the schizophre-
nia groups were recruited from the Schizophrenia Treat-
ment and Evaluation Program at the University of North
Carolina Neurosciences Hospital, and healthy partici-
pants were recruited via informational e-mails to univer-
sity staff soliciting participation in research and from
other research studies conducted in our laboratory. Prior
to participation, all individuals provided written, in-
formed consent, and the University of North Carolina
Behavioral Institutional Review Board approved the
research protocol.
Diagnoses for individuals in the schizophrenia groups

were confirmed with the Structured Clinical Interview for
Diagnostic and Statistical Manual of Mental Disorders
(FourthEdition) (SCID-P)andchart review.Symptomatol-
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ogy at the time of participation was assessed with the
Positive and Negative Syndrome Scale.35 Participants
experiencing marked symptoms of paranoia at the
time of scanning, scoring at least a 4 or above on the
suspiciousness/persecution item, constituted the P-SCZ
group. Participants who demonstrated an absence or
only subclinical levels of paranoia, by scoring a 2 or be-
low on this item, constituted the NP-SCZ group. Across
other symptoms, the P-SCZ group received higher rat-
ings for both positive (F1,22 = 33.2, P < .001) and gen-
eral (F1,22 = 6.69, P = .017) symptom clusters; however,
these differences did not remain statistically different af-
ter controlling for paranoia. The groups did not differ in
negative symptoms. Of particular relevance for the com-
parison of P-SCZ and NP-SCZ groups, all SCZ partic-
ipants were taking atypical antipsychotic medications,
and the 2 groups did not differ in chlorpromazine equiv-
alents (F1,22 = 1.51, P = .232).36

Groups did not differ significantly in ethnicity (v2 =
.465, P = .793), age (F2,33 = .386, P = .683) or premorbid
verbal IQ as assessed by the Wide Range Achievement
Test (WRAT) reading subscale (F2,33 = 2.67,
P = .084).37 Expectedly, education significantly differed
between groups (F2,33 = 10.12, P < .001); controls com-
pleted more years of education than both SCZ groups
(P = .001 for both comparisons), who did not differ
from each other. All demographic information is pre-
sented in table 1.

Tasks

ImagingStimuli andFunctionalMagneticResonance Imag-
ingExperiment Functional magnetic resonance imaging
(fMRI) was utilized while individuals completed the ab-
breviated Trustworthiness/Approachability Task.38 In
this task, individuals viewed 42 grayscale frontal images
of faces and made dichotomous decisions regarding the
trustworthiness (ie, trustworthy or untrustworthy) of the
individual in each photo. This procedure was based on
Winston et al.30 Participants responded by pushing a but-
ton corresponding to their rating, and these determina-
tions, as well as reaction time, were recorded as
behavioral indexes of task performance.
The imaging session included 2 functional runs in

which participants made trustworthiness judgments,
with each run containing 21 photographs. Each photo-
graph was displayed for 2 s, followed by a 16-s interstim-
ulus interval, during which participants were instructed
to keep their eyes focused on a white fixation cross pre-
sented in the middle of the screen. The imaging session
also contained 2 additional runs of a different task, per-
formed after the trustworthiness runs (described in Pink-
ham et al.25).

Social Functioning Assessment Following scanning, so-
cial functioning was assessed with the Social Functioning
Scale (SFS).39 The SFS is a self-report measure that

Table 1. Demographic Information and Behavioral Task Performance

Control (n = 12),
mean (SD)

NP-SCZ (n = 12),
mean (SD)

P-SCZ (n = 12),
mean (SD)

Demographic information
Ethnicity
Caucasian 10 11 10
African American 2 1 2

Age 27.08 (3.99) 28.0 (3.93) 26.42 (5.25)
WRAT reading 112.58 (9.28) 100.5 (15.37) 103.83 (14.24)
Educationa 16.92 (1.98) 13.29 (2.05) 13.29 (2.73)
Chlorpromazine equivalent 297.22 (173.03) 404.86 (249.2)
PANSS
Positiveb 9.83 (2.41) 18.08 (4.34)
Negative 10.67 (3.28) 11.83 (6.16)
Generalb 25.0 (4.65) 31.0 (6.55)

Behavioral tasks
Trustworthiness ratingsc

Number of faces rated as trustworthy 25.33 (4.98) 25.25 (5.49) 19.42 (6.01)
Number of faces rated as untrustworthy 14.62 (5.02) 16.67 (5.61) 22.5 (5.98)

Reaction time
Faces rated as trustworthy 1.92 (0.77) 2.70 (1.72) 2.81 (1.06)
Faces rated as untrustworthy 2.20 (1.13) 2.88 (1.45) 2.91 (1.34)

SFS total scorea 163.25 (17.91) 136.5 (21.1) 126.67 (24.92)

Note: NP-SCZ, nonparanoid schizophrenia; P-SCZ, paranoid schizophrenia; PANSS, Positive and Negative Syndrome Scale; SFS,
Social Functioning Scale.
aControls significantly different from NP-SCZ and P-SCZ at P < .05.
bP-SCZ significantly different from NP-SCZ at P < .05.
cP-SCZ significantly different from controls and NP-SCZ at P < .05.
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assesses strengthsandweaknesses in7areasof functioning:
social engagement, interpersonal communication, proso-
cial activities, recreation, independence-competence, inde-
pendence-performance, and employment/occupation. A
full-scale score is calculated by summing across all sub-
scales, and higher scores indicate better social functioning
(range: 0–246).

Image Acquisition

Data were collected using a Siemens Allegra 3T MRI
scanner to acquire echo planar T2*-weighted images
with BOLD (blood oxygenation level dependent) con-
trast (echo planar imaging [EPI] free induction decay,
2D; 32 transverse slices, voxel size 3.8 3 3.8 3 3.8 mm,
matrix = 64 3 64; field of view [FOV] = 243 3 243, rep-
etition time [TR] = 2 s, echo time [TE] = 30ms, flip angle =
80). All functional runs were collected using an inter-
leaved sequence (bottom to top), and each functional
run was preceded by 4 volumes that were discarded to
allow for equilibration effects. A structural scan sequence
(MPRAGE) was also conducted to obtain a T1-weighted
anatomical image (128 slices, voxel size 1 3 1 3 1 mm,
matrix = 256 3 256, FOV = 208 3 256, TR = 1520 ms,
TE = 4.38 ms) for coregistration and display of functional
data. Cushioned head restraints were used to control
for movement.

Image Preprocessing and Inferential Testing

Data were preprocessed and analyzed using SPM2 (Well-
come Department of Cognitive Neurology, Queen
Square, London, UK). Images were slice time corrected,
motion corrected to the first image using b-spline inter-
polation, and high-pass filtered (128 s). Functional and
anatomical images were coregistered and then trans-
formed into a standard anatomical space (EPI Montreal
Neurological Institute template) using trilinear interpola-
tion.40 Normalized functional images were then spatially
smoothed (8-mm full width at half maximum, Gaussian
isotropic kernel). Subject-level statistical analysis was
done using General Linear Model as implemented in
SPM2. The events comprising each condition (trustwor-
thy and untrustworthy) were parsed according to the
idiosyncratic judgments of each participant (ie, the sub-
ject’s individual responses rather than average ratings or
categorization based on stimulus qualities), and the
2 conditions were then modeled using a canonical hemo-
dynamic response function with a temporal derivative.
Parameter estimates of event-related activity were esti-
mated voxelwise for each condition relative to fixation
baseline.

ROI Analyses of BOLD Signal Change

Coordinates for regions of the examined social cognitive
network were derived from previous fMRI studies of
social cognition and of trustworthiness evaluations.
Coordinates for bilateral AMYG (8-mm radius; left: x,

y, z = �16, �5, �19; right x, y, z = 24, �1, �18) and
bilateral FG (12-mm radius; left: x, y, z = �48, �48, �
24; right: x, y, z = 44, �46, �22) were taken from previ-
ous studies showing modulation of these regions with
trustworthiness.29,30 Coordinates for bilateral STS
(14-mm radius; left: x, y, z = �51, �44, 6; right: x, y,
z = 54, �45, 6) were the center of face-related activations
from several studies reviewed in Pelphrey et al.41 ROIs
for bilateral VLPFC (14-mm radius; x, y, z = 644,
32, �12) were derived using coordinates presented in
a study of social evaluation demonstrating that this re-
gion activated specifically to evaluative judgments vs
nonevaluative judgments.26 Finally, consistent with Ash-
win et al.,42 the MPFC ROI (14-mm radius; x, y, z = �4,
42, 36) was taken from Calder et al.,17 wherein average
coordinates were calculated from previous studies of the-
ory of mind.
The mean percent signal change for each ROI ((param-

eter estimates (beta > 0)/baseline) 3 100) was estimated
with customMATLAB scripts using the model described
above, and these data were subject to further analyses.
Only the activated voxels (Z > 0, contiguous) were
used for both conditions across the 2 runs. These values
were then entered into a repeated-measures analysis of
variance (ANOVA) with ROI (R AMYG, L AMYG,
R FG, L FG, R STS, L STS, R VLPFC, L VLPFC,
andMPFC) and condition (trustworthy and untrustwor-
thy) as within-subject factors and group (control,
NP-SCZ, P-SCZ) as the between-subject factor. The
threshold for statistical significance was set at P < .05
(2-tailed), and where Mauchly test indicated that the as-
sumption of sphericity had been violated, Greenhouse-
Geisser corrections were utilized. Finally, significant
effects involving group were followed up with Tukey
Honestly Significant Difference post hoc tests.

Neural Response–Social Functioning Correlations

To examine the relationships between neural activation
and social functioning, we first calculated a change score
representing modulation of social cognitive activation
by subtracting the mean percent signal change for trust-
worthy faces from the mean percent signal change for un-
trustworthy faces within each ROI. Change scores were
implemented as we sought to investigate the pattern pre-
viously reported in healthy individuals of greater activa-
tion for untrustworthy relative to trustworthy faces
rather than just absolute amounts of activation for either
condition. Spearman rank correlations (1-tailed) were
then used to examine the relationships across all groups
between these change scores and the SFS total score. To
control type I error, a Bonferroni-corrected alpha level of
P < .0055 was utilized to determine significance. Addi-
tionally, as a follow-up analysis, these relationships
were also examined for each group independently. Given
the small sample size of each group and the number of
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neural regions included, these follow-up analyses were
considered exploratory, and the significance level was
set at P < .05.

Results

Behavioral Data

A 1-way (group: control vs NP-SCZ vs P-SCZ) ANOVA
conducted on behavioral ratings of trustworthiness dur-
ing scanning revealed significant group differences in the
number of faces rated as trustworthy (F2,33 = 4.58,
P = .018). Tukey’s HSD post hoc comparisons indicated
that the P-SCZ group rated significantly fewer faces as
trustworthy relative to both the control and NP-SCZ
groups (P = .031 and P = .037, respectively). Impor-
tantly, despite these differences, the ratings for each
photo across groups tended to vary similarly and were
generally in agreement with each other (intraclass corre-
lation coefficient = .924), demonstrating that no group
appeared to respond in an arbitrary manner.

Response times did not account for group differences
in judgments, as a repeated-measures ANOVA on reac-
tion time with type of judgment (trustworthy vs untrust-
worthy) as the within-subject factor and group as the
between-subject factor revealed only a trend-level main
effect of type of judgment (F1,33 = 4.08, P = .052), indi-
cating that participants responded more slowly when
a face was rated as untrustworthy. There was no main
effect for group (F2,33 = .35,P = .707), nor was there a sig-
nificant interaction between group and type of judgment
(F2,33 = 1.51, P = .235).

For social functioning, a 1-way ANOVA on SFS total
score demonstrated significant differences between
groups (F2,33 = 9.30, P = .001). Post hoc tests revealed
that the control group showed better social functioning
abilities than both SCZ groups (P = .012 for the compar-
ison with NP-SCZ and P = .001 for the comparison with
P-SCZ) and that whereas the NP-SCZ group scored high-
er than the P-SCZ group, the 2 SCZ groups did not sig-
nificantly differ from each other. All behavioral data are
presented in table 1.

ROI Analyses of BOLD Signal Change

The repeated-measures ANOVA on mean percent signal
change revealed a statistically significant main effect for
condition (F1,33 = 22.53, P < .001), indicating greater ac-
tivation of the examined social cognitive network when
faces were rated as untrustworthy relative to trustworthy.
A significant main effect was also evident for ROI
(F4.48,147.66 = 26.64, P < .001) such that some regions
of this social cognitive network (ie, AMYG, FG, and
VLPFC) showed greater signal change than others (ie,
STS and MPFC). The main effect of group was also sig-
nificant (F2,33 = 3.46, P = .043) with post hoc tests dem-
onstrating that the control group showed significantly
more activation across this social cognitive network

than the P-SCZ group (P = .035). The NP-SCZ group
did not significantly differ from either comparison group.
The condition by group (F2,33 = 5.23, P = .011), ROI

by group (F8.95,147.66 = 2.14, P = .03), and condition by
ROI (F4.3,141.87 = 4.94, P = .001) interactions were all
significant, and more importantly, the 3-way interaction
between ROI, condition, and group (F8.60,141.87 = 2.17,
P = .029) was also significant, indicating that the degree
of neural modulation between trustworthy and untrust-
worthy ratings varied significantly between groups and
regions within this social cognitive network. Subsequent
repeated-measures analyses of mean percent signal
change in the individual ROIs revealed significant condi-
tion by group interactions in the R AMYG (F2,33 = 4.34,
P = .021), L FG (F2,33 = 3.58, P = .039), MPFC (F2,33 =
3.80, P = .033), L STS (F2,33 = 4.1, P = .026), and bilat-
eral VLPFC (left: F2,33 = 7.25, P = .002; right: F2,33 =
6.87, P = .003). Consistent with our predictions, in
each of these regions, the interactions indicated that
both controls and NP-SCZ showed a greater increase
in activation than P-SCZ when a face was perceived as
untrustworthy relative to trustworthy. Specific differen-
ces between groups in each condition and in each ROI are
detailed in figure 1.

Correlations Between Neural Response and Social
Functioning

Correlations between the change scores representing
modulation of this social cognitive network in response
to the trustworthiness of each face and total score on the
SFS revealed a significant and positive relationship
between increased activation to untrustworthy faces
and better social functioning. These relationships were
evident in bilateral FG (left: Spearman q = .513,
P = .001; right: Spearman q = .530, P < .001), MPFC
(Spearman q = .420, P = .005), and bilateral VLPFC
(left: Spearman q = .477, P = .002; right: Spearman
q = .486, P = .001). Notably, increased modulation of ac-
tivation in bilateral STS (left: Spearman q = .287,
P = .045; right: Spearman q = .408, P = .007) was also
correlated to better social functioning; however; these
relationships did not survive correction for multiple tests.
Significant correlations are shown in figure 2, and as can
be seen from the scatterplots, these correlations do not
appear to be due to group differences in mean SFS score
or neural activation.
The follow-up exploratory analysis of these relation-

ships within each group revealed significant positive cor-
relations between increased activation to untrustworthy
faces and better social functioning in R AMYG, bilateral
FG, MPFC, and R VLPFC in the healthy control group
only. Interestingly, although primarily positive and there-
fore going in the same direction, the only correlation
reaching statistical significance among the clinical groups
was in the L AMYG for the P-SCZ group. No group

692

A. E. Pinkham et al.



differences in correlation strengths were statistically sig-
nificant. All correlations are provided in table 2.

Discussion

Both individuals with NP-SCZ and healthy comparison
participants showed significantly greater activation of
the examined social cognitive network when a face was
judged to be untrustworthy relative to trustworthy,
thus demonstrating neural sensitivity to threatening so-
cial stimuli. Paranoid individuals with schizophrenia,
however, failed to show any modulation of neural activa-
tion for untrustworthy faces relative to trustworthy faces.
These findings further our previous work by demonstrat-
ing that reduced neural activation for paranoid individu-
als during trustworthiness evaluations are specific to faces
perceived as untrustworthy. The fact that groups showed
comparable levels of activation for trustworthy faces indi-
cates that the impairments seen in P-SCZ are not due to
global reductions in activation but rather to a lack of nor-
mative increases in activation to threatening stimuli.
Results of this study are also consistent with previous

work highlighting fundamental distinctions in neural ac-

tivation between schizophrenia subgroups. Earlier stud-
ies showed relatively intact AMYG and MPFC
activation for nonparanoid individuals during implicit
processing of emotion,22–24 and here, we replicate those
findings with a task of complex social cognition and ex-
tend them to the VLPFC. More normative activation
for NP-SCZ (relative to P-SCZ) in several regions of
the examined social cognitive circuit demonstrates that
these differences between subgroups are widespread
and emphasize the distributed and interactive nature of
this social cognitive network.
In contrast, the only region where P-SCZ and NP-SCZ

resembled each other was in bilateral FG. Here, neither
group showed a significant increase in activation for un-
trustworthy faces, although it should be noted that the
increases evident in the NP-SCZ approached significance
(L FG: P = .115, and R FG: P = .073). Although spec-
ulative, this may suggest that all individuals with schizo-
phrenia have some degree of impairment in the direct
feedback connections from AMYG to FG43 that would
increase FG activation once the AMYG has designated
a stimulus to be threatening. This finding may also shed
light on previous studies reporting reduced activation of

Fig. 1. Signal Change in Each Region of Interest (ROI) for Faces Rated as Trustworthy andUntrustworthy. ROI abbreviations: R5 right,
L5 left,FG5 fusiformgyrus,MPFC5medialprefrontal cortex,STS5 superior temporal sulcus,VLPFC5ventrolateralprefrontal cortex.
Group abbreviations: Con 5 control, NP 5 nonparanoid schizophrenia, P 5 paranoid schizophrenia. *Between-group differences
significant at P < .05. **Between-group differences significant at P < .01. ¤Within-group differences across condition significant at
P < .05.¤¤Within-group differences across condition significant atP < .01.¤¤¤Within-group differences across condition significant at
P < .001. ySignificant interactionbetweengroupand condition significant atP < .05. yySignificant interactionbetweengroupand condition
significant at P < .01
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the right lateral FG in schizophrenia during emotion per-
ception tasks as compared with healthy individuals.44–46

It is possible that heightened FG responses to threatening
emotions (ie, anger and fear) in controls may have driven
these group differences.

Further, examination of behavioral responses revealed
that the groups generally agreed in their assessments of

trustworthiness but that paranoid individuals were
more likely to rate a face as untrustworthy. The agree-
ment between groups indicates that the majority of stim-
uli were included in the same category across groups and
that the apparent differences in neural activation are not
a function of random responding or largely different
categorizations of faces. Rather, the integration of the

Fig. 2. Association Between Brain Activation and Social Functioning. Scatterplots of the associations between change scores representing
modulation of the social cognitive network in response to the trustworthiness of each face and total score on the Social Functioning Scale
(SFS). Region of interest abbreviations: R 5 right, L 5 left, FG 5 fusiform gyrus, MPFC 5 medial prefrontal cortex, STS 5 superior
temporal sulcus, VLPFC 5 ventrolateral prefrontal cortex.

Table 2. Correlations Between Neural Activation and Social Functioning

ROI

Control (n = 12) NP-SCZ (n = 12) P-SCZ (n = 12) Combined (n = 36)

Spearman q P Spearman q P Spearman q P Spearman q P

R AMYG 0.546 .033 �0.028 .466 0.355 .129 0.245 .075

L AMYG 0.329 .148 �0.098 .381 0.503 .048 0.215 .104

R FG 0.662 .01 0.351 .159 0.439 .076 0.53 <.001

L FG 0.557 .03 0.21 .356 0.453 .069 0.513 .001

MPFC 0.76 .002 0.259 .208 0.264 .204 0.42 .005

R STS 0.483 .056 0.07 .415 0.39 .105 0.408 .007

L STS 0.252 .215 �0.053 .436 0.397 .101 0.287 .045

R VLPFC 0.633 .014 0.224 .242 0.116 .36 0.486 .001

L VLPFC 0.417 .089 0.336 .143 0.366 .121 0.477 .002

Note:ROI, region of interest; NP-SCZ, nonparanoid schizophrenia; P-SCZ, paranoid schizophrenia; R, right; L, left; FG, fusiform
gyrus; MPFC, medial prefrontal cortex; STS, superior temporal sulcus; VLPFC, ventrolateral prefrontal cortex.
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behavioral and neural data may provide insights into the
nature of paranoia. The lack of modulation seen in
P-SCZ demonstrates that, at the neural level, all faces
were processed similarly despite the fact that these indi-
viduals were able to behaviorally categorize faces as trust-
worthy or untrustworthy in a manner that was largely
consistent with control and NP-SCZ participants (albeit
while rating more faces as untrustworthy). Increased be-
havioral ratings of mistrust without concurrent increases
in neural activation are consistent with findings of a dis-
connect between autonomic arousal systems and neural
response in which paranoid individuals show enhanced
arousal coupled with reduced AMYG activation when
viewing threat-related stimuli.23 These findings may indi-
cate that the neural mechanisms of threat appraisal are
ineffective in paranoid individuals and that while retaining
the ability to make gross distinctions between stimuli at a
behavioral level, paranoid individuals may be unable to
make fine-grained distinctions, which may contribute to
the over attribution of threat seen in paranoid ideation.
Alternately, these findings could reflect habituation of
AMYG activity in paranoid individuals, suggesting that
threatening stimuli may lose saliency over time; however,
this interpretation is somewhat contradictory to the noted
findings of increased autonomic arousal in P-SCZ. Never-
theless,thesefindingscertainlyrequirefurtherinvestigation.
In addition to having implications for schizophrenia,

the present study also furthers our understanding of
the examined social cognitive neural network. Increased
AMYG, FG, and STS activation to untrustworthy faces
in healthy individuals was expected and is consistent with
previous work.29,30 Greater AMYG activation to un-
trustworthy faces is likely related to this region’s role in
detecting threat19 and orienting to salient information,47,48

and as noted previously, increased FG activation is likely
due to modulatory influences from the AMYG via back
projections.43 Differential activation of the STS may be
explained by its involvement in theory of mind inferen-
ces.30 Given that one may attempt to infer the intentions
of another as a means of evaluating whether they can be
trusted and that uncertainty about these intentions may
lead to a judgment of untrustworthiness, such a process
may explain the differential activation seen here.
Findings from this study also extend those of Winston

et al.30 by demonstrating increased activation of frontal
regions, specifically the MPFC and bilateral VLPFC, in
nonclinical controls for untrustworthy faces. These find-
ings suggest that both regions are sensitive to differing
levels of perceived threat. For the MPFC increased acti-
vation for untrustworthy faces may reflect more empha-
sis on determining the intentions of pictured individuals
who appear more likely to pose a threat. For VLPFC,
greater activation during untrustworthiness judgments
may reflect this region’s role in modulating and regulat-
ing emotional responses.27,49 Such an interpretation is
consistent with work showing that extended cognitive

evaluation of emotional stimuli is associated with relative
decreases in AMYG response and correlated increases
in VLPFC activation, as compared with brief stimulus
presentations.27,28

Of primary importance, across all groups, neural acti-
vation within this social cognitive network, and in partic-
ular the degree of modulation between trustworthy and
untrustworthy faces, was positively correlated with social
functioning. These relationships were evident in both
frontal regions investigated (ie, MPFC and VLPFC)
and also in the FG. Unexpectedly, a significant relation-
ship with social functioning was not found for AMYG
activation when groups were examined conjointly. This
may be explained by work with healthy individuals dem-
onstrating that AMYG response during trustworthiness
evaluations is more closely related to consensus ratings of
trustworthiness rather than idiosyncratic judgments.29

Thus, we may not have assessed activation in a way
that maximally measures the AMYG response. Our de-
cision to examine participant responses wasmade a priori
based on anticipated differences between the judgments
of schizophrenia subgroups and a desire to link neural
activation to behavioral responses. Also unexpectedly,
the clinical groups did not show the same strength of rela-
tionships between modulation of neural activation and
social functioning. This may be partially explained by
the increased variability in the clinical groups (eg, SFS
range: controls 140–193, NP-SCZ 104–179, and P-SCZ
97–168) and the small sample sizes. Nevertheless, the sig-
nificant correlations between greater modulation of acti-
vation and better social functioning across groups and
the positive (albeit nonsignificant) correlations within
the clinical groups indicate that the amount of neural
modulation while processing social stimuli has potential
to become a predictive marker of real-world social behav-
ior. These relationships also highlight the direct connec-
tions between social cognition and social functioning.
Although the present study elucidates the nature of

neural abnormalities in P-SCZ, a number of questions re-
quire further clarification. First, although the SCZ sub-
groups did not differ in chlorpromazine equivalents, the
effects of medication were not assessed. Second, given re-
cent work in autism demonstrating that neural activation
in the AMYG is associated with visual scanning of the
eye region of faces50 but work in schizophrenia showing
reductions in AMYG activation even when faces are not
consciously perceived,51 it is unknown what role visual
face scanning patterns may have played in the present
results. Likewise, it is unclear what effect autonomic
arousal may have had on both neural activation and be-
havioral ratings. Future work would benefit from includ-
ing concurrent eye-tracking and physiological
monitoring to investigate these effects. Third, the 2
schizophrenia subgroups did not significantly differ
from each other on social functioning, which is unex-
pected given the reported differences in neural activation.
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It is possible that the self-report format and the wide
scope of functioning assessed by the SFS may have lim-
ited our ability to discern group differences in social
behaviors that may be more proximal to social cognition
(ie, social skill as opposed to independent living skills).
Additionally, all clinical participants in this study were
stable outpatients, which may have also contributed to
the lack of significant group differences in overall social
functioning. Finally, in order to assess multiple groups,
the number of individuals who could be enrolled in
each group was necessarily limited, and only right-
handed male participants were recruited. These factors
may limit the generalizability of the results and indicate
that replication is needed.

Notwithstanding these limitations, the present study
reports a novel observation related to the processing of
threat-related social information in schizophrenia sub-
groups. The finding that paranoid individuals with
schizophrenia failed to show normative increases in
neural activation when they judged a face to be untrust-
worthy reveals an important distinction between schizo-
phrenia subgroups and may shed light on the nature of
paranoid ideation by demonstrating impairments in
the neural mechanisms of threat appraisal in paranoid
individuals. Moreover, the amount of neural modulation
between trustworthy and untrustworthy stimuli within
the examined social cognitive network was significantly
and positively correlated to social functioning. These
findings suggest that remediation of this response may
aid in improving social behavior and emphasize the im-
portance of social cognition for functional outcome.
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