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Background: Evidence suggests a 2.1-4.6 times increase in the risk of violent behavior in
schizophrenia compared to the general population. Current theories propose that the processing
of negative emotions is defective in violent individuals and that dysfunctions within the neural
circuits involved in emotion processing are implicated in violence. Although schizophrenia
patients show enhanced sensitivity to negative stimuli, there are only few functional neuroim-
aging studies that have examined emotion processing among men with schizophrenia and a
history of violence.

Objective: The present study aimed to identify the brain regions with greater neurofunctional
alterations, as detected by functional magnetic resonance imaging during an emotion processing
task, of men with schizophrenia who had engaged in violent behavior compared with those
who had not.

Methods: Sixty men were studied; 20 with schizophrenia and a history of violence, 19 with
schizophrenia and no violence, and 21 healthy men were scanned while viewing positive,
negative, and neutral images.

Results: Negative images elicited hyperactivations in the anterior cingulate cortex (ACC), left
and right lingual gyrus, and the left precentral gyrus in violent men with schizophrenia, compared
to nonviolent men with schizophrenia and healthy men. Neutral images elicited hyperactiva-
tions in the right and left middle occipital gyrus, left lingual gyrus, and the left fusiform gyrus
in violent men with schizophrenia, compared to the other two groups.

Discussion: Violent men with schizophrenia displayed specific increases in ACC in response
to negative images. Given the role of the ACC in information integration, these results indicate
a specific dysfunction in the processing of negative emotions that may trigger violent behavior
in men with schizophrenia.

Keywords: schizophrenia, violence, negative emotions, salience, anterior cingulate
cortex, fMRI

Introduction

According to the World Health Organization,' over 21 million people worldwide suffer
from schizophrenia. Of particular concern is the evidence showing an increased risk of
aggressive and violent behavior (severe assaults, attempted murder, homicide) among
people with schizophrenia compared to the general population.” ¢ Although most people
with schizophrenia are not violent,”® individuals suffering from schizophrenia were
found to be 2.1-4.6 times more likely to commit a violent crime or engage in violent
behavior than the general population, even when taking into account socioeconomic
status (SES), comorbid substance use, and personality disorders.>*!° In addition to
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promoting stigmatization and victimization of all persons
with mental health problems,!! violent behavior by persons
with schizophrenia has important consequences for the health
and criminal justice systems, as shown by increasing num-
bers of forensic hospitals, longer periods in hospital,'>!* and
increased rates of incarceration,'# all of which increase costs.
Given that these consequences added to the suffering of the
victims, their families, and the perpetrators, it is imperative
to identify the neural mechanisms underlying violence in
schizophrenia. A better understanding of these mechanisms
would allow the development of effective interventions to
prevent violent behavior.

Current theories propose that the processing of negative
emotions (fear, anger) is defective in violent individuals.'>'¢ In
fact, emotional instability was observed in adult offenders,!”!®
as well as maladaptive coping with negative affect’> and
oversensitivity to negative stimuli'® has been reported in
aggressive men. Moreover, the processing of negative
emotions, especially anger, was shown to be a factor in
precipitating violent behavior and aggression.?*?! As the
processing of negative emotions is important in violence,
some postulates about the neural underpinnings of violent
behavior have been founded in the literature of emotion
processing. Considering that negative emotions are processed
by a system involving the orbitofrontal cortex, amygdala,
and anterior cingulate cortex (ACC), it has been proposed
that dysfunctions within this system might be implicated in
violence and aggression.”> Neuroimaging studies of violent
individuals have generally supported this assumption.?
Given the association between negative affect (anger) and
violent behavior in psychotic disorders,*' similar abnormali-
ties in the amygdala—orbitofrontal system might be expected
in violent men with schizophrenia (SCZ+V) as in violent
men who do not have psychosis.?*? However, such neural
mechanisms have been investigated to a considerably lesser
extent among SCZ+V men.

More neuroimaging studies have investigated structural
than functional neural markers of violent behavior among
people with schizophrenia. Among SCZ+V, studies have
reported reduced brain volumes in the hippocampus,**-28
parahippocampus,?® amygdala,?® ACC,* orbitofrontal cortex,’
cerebellum and supramarginal gyrus,®! and increased gray
matter volumes in the putamen.’® Men with schizophrenia
and a history of conduct disorder prior to age 15 have been
shown to display increased gray matter volumes in the
hypothalamus, right precuneus, and right inferior parietal
cortex.*”? Moreover, men with schizophrenia and high levels
of aggressive behavior displayed larger orbitofrontal cortex™

and caudate volumes.** To some extent, these structural gray
matter alterations occur primarily in the frontal cortex and
limbic system where emotion processing dysfunctions have
been detected among SCZ+V.*333 However, the currently
available results are not consistent.

There are few functional neuroimaging studies that have
examined emotion processing among SCZ+V. Relative to
men with SCZ with low psychopathic traits, SCZ patients
characterized by high levels of psychopathic traits showed
blunted amygdala responses to fearful faces.’” Relative
to nonpsychotic individuals diagnosed with antisocial
personality disorder, SCZ+V displayed greater activity in
the thalamus and the caudate nucleus in response to threat
stimuli.'® Finally, Hoptman et al*® reported reduced func-
tional connectivity at resting state between the amygdala
and prefrontal regions in SCZ+V. Overall, these results
tentatively suggest that abnormalities in the amygdala—
orbitofrontal system might be expected among SCZ+V
as in violent men without psychosis.** However, these
studies are limited by small sample sizes and/or lack of
adequate comparison groups, as well as omission of posi-
tive emotions from the investigated affects. Even though
most theories regarding emotion processing in violence
concern negative affect,”? examining the processing of
positive stimuli could be informative as studies have found
reward-processing to be impaired in schizophrenia®* and
violent individuals to be especially sensitive to immediate
reward.*® Of further interest, Cohen and Minor*' have noted
that schizophrenia is associated with an aversion to neutral
stimuli. Functional magnetic resonance imaging (fMRI) find-
ings show that persons with schizophrenia assign abnormal
salience to neutral material.*>* Therefore, it is also impor-
tant to explore the neural response to neutral stimuli when
examining emotional processing in SCZ+V.

Overall, knowledge of emotion processing in SCZ+V is
scarce and inconclusive. Using adequate control groups, we
sought to identify brain regions with neurofunctional altera-
tions among SCZ+V compared to men with schizophrenia
who have no history of violence (SCZ—-V) and healthy con-
trols, during an fMRI emotion processing task. Responses to
negative, positive, and neutral emotions were assessed.

Methods

Participants

Thirty-nine male outpatients with schizophrenia or schizoaffec-
tive disorder (DSM-1V criteria; age 18—55 years) were recruited
from forensic and general psychiatric hospitals. They were
divided into two groups: 20 SCZ+V and 19 SCZ—-V.Inaccordance
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with the MacArthur study, serious violence was defined as a
history of armed aggression resulting in injuries or death.®
Antecedents of serious violence were assessed based on clini-
cal interview (Structured Clinical Interview for DSM-IV),*
self-reports (MacArthur Community Violence Instrument),*
and clinical files. All patients were stabilized on antipsychotic
medication that had not changed within the last 2 months.
Antipsychotic dosage was calculated using chlorpromazine
equivalents.’” Symptom severity was evaluated with the
Positive and Negative Syndrome Scale,”® which yield five
subscores (ie, positive, negative, disorganization/cognitive,
excitation, depression) according to Lindenmayer et al’s*
five-factor model of schizophrenia. Urine drug screenings
were administered.

The control group included 21 men with no history of
violent behavior. Controls were screened with the nonpatient
edition of the Structured Clinical Interview for DSM-IV .

All participants were free of concomitant neurological
disorders and substance use disorders (lifetime, for controls;
in the last 12 months, for SCZ+V and SCZ-V). No participant
had an IQ lower than 70 or MRI contraindications. Parental
SES was assessed according to the National Occupational
Classification. Finally, as in prior studies on violence,*
we calculated the number of DSM-IV diagnostic criteria for
antisocial personality disorder*® that were met by each partici-
pant. The score ranged from no criterion to seven criteria.

Ethical approval

The patients were recruited by clinical staff that they knew.
After having the study explained to them, all participants
signed a consent form agreeing to interviews, an MRI, and
the patients consented to giving access to their medical and
criminal files. The study was approved by the local ethics
committees from the Regroupement de Neuroimagerie du
Québec, the Centre de recherche de I’Institut Universitaire
en Santé Mentale de Montréal, and the Institut Philippe-Pinel
de Montréal.

Experimental procedure and task

During fMRI, participants viewed blocks of emotionally
positive, negative, and neutral pictures from the International
Affective Picture System (IAPS).>? These pictures were
matched for content (people, animals, landscapes), visual
complexity and color, and grouped based on valence and
arousal intensity (using the IAPS normative data), resulting
in five experimental conditions: high arousal/positive, high
arousal/negative, low arousal/positive, low arousal/negative,
and neutral. Each condition was presented in separate blocks

lasting 48.5 seconds, interceded by 16-second rest periods.
To ensure that participants attended to the images, they were
asked to press a button whenever they saw a person in the
picture. Each block contained ten images of one specific
experimental condition, and each block type (high arousal/
positive, high arousal/negative, low arousal/positive, low
arousal/negative) was repeated two times (except the neutral
block, which was repeated four times). Each picture appeared
for 3,000 ms followed by a blank screen with a fixation point
for an average of 1.75 seconds (average interstimulus inter-
val 4.75 seconds). The order of presentation of blocks was
pseudorandomized. At the end of the fMRI session, partici-
pants were asked to rate the photographs in each block, on a
scale ranging from 0 (absence of any emotional reaction) to
8 (strongest emotion ever felt in one’s lifetime).

Neuroimaging acquisition parameters
Whole-brain fMRI was performed using an echoplanar
imaging sequence measuring blood oxygenation level-
dependent (BOLD) signal (TR =3,000 ms; TE =30 ms;
FA =90°; matrix =64x64; voxel size =3.5 mm?; 41 slices).
The functional slices were oriented in transverse plane and
were angled to be parallel to the AC—PC line. An inline retro-
spective motion correction algorithm was employed while the
echoplanar images were acquired. Individual high-resolution
coplanar anatomical images were also acquired during the
same scanning session (three-dimensional, spoiled gradient
echo sequence; TR =19 ms; TE =4.92 ms; FA =25°; matrix
size =256x256; voxel size =1 mm?; 176 slices).

Analysis of fMRI data

fMRI data was analyzed with Brain Voyager QX software
(Brain Innovation, Maastricht, the Netherlands). Functional
images were slice-time-corrected, corrected for motion
artifacts (=2 mm; all fMRI images were usable), high-
pass-filtered (two cycles per time course), coregistered to
the corresponding anatomical image, spatially normalized
to the Talairach space,’ and spatially smoothed with a 3D
isotropic Gaussian kernel (8 mm FWHM).

We used a standard peak detection approach and a general
linear model to identify the cerebral changes associated with
emotion processing. Five predictors of interest, corresponding
to the experimental conditions/blocks, were convolved with
the hemodynamic response function estimated using the
double-ymodel,** and a first-order autoregression model was
used to account for serial correlations. Initially, a first-level
analysis was performed to investigate individual brain activa-
tion maps associated with the primary contrasts of interest
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([High Negative + Low Negative] > Neutral; orthogonal)
([High Positive + Low Positive] > Neutral; orthogonal). The
(Neutral > Rest) contrast was also examined. A second-level
random-effects model was then computed to investigate the
pattern of activations during emotion processing comparing
the three groups.”® Between-group differences in clinical
variables were considered as covariates in fMRI group
comparisons.

The statistical threshold for significance was determined
by Monte Carlo simulation.’® Assuming a voxel-level
threshold of P<<0.001 (10,000 simulations), a cluster size of
343 mm? was required to correct for multiple comparisons
at P<<0.05. When relevant, we identified common activa-
tions between contrasts by performing spatial conjunction
analyses, using the “Volume of Interest” option of Brain
Voyager. For each cluster found to significantly differ
between groups in the spatial conjunction analyses, the
individual changes in BOLD signal (eg, B-values) were
extracted and used to visually display results and to perform
correlation analyses between regional BOLD responses and
clinical variables (eg, emotional ratings, antisocial traits)
within subgroups.

Statistical analysis of the clinical data

For continuous data, between-group differences were exam-
ined using analyses of variances. Pair-wise comparisons were
performed using Tukey’s HSD tests. For dichotomic data,

Table | Characteristics of participants

x* tests were used. For pair-wise comparisons, Bonferroni
correction was applied.

Results

Characteristics of the participants

Table 1 presents comparisons of the three groups of partici-
pants. No differences were detected in age, handedness, and
ratings of positive and negative images (all P-values >0.05).
SCZ+V had lower parental SES than controls (P=0.013).
SCZ participants, with and without violent behavior, did
not differ as to primary diagnoses (schizophrenia vs schizo-
affective disorder), age of onset, illness duration, negative
symptoms, chlorpromazine equivalents, and the proportion of
SCZ patients treated with clozapine (all P>0.05). However,
SCZ+V presented fewer positive and disorganized symp-
toms than SCZ-V (P<<0.010 and P=0.010, respectively).
Finally, SCZ+V assigned more emotional significance to
neutral images than controls, but this result did not achieve
significance (P=0.07), and there was no significant difference
between schizophrenia subgroups (P>0.05).

Groups comparisons of neural activity
during presentation of negative pictures
As presented in Table 2, for the Negative minus Neutral con-
trast, relative to SCZ-V, SCZ+V showed increased activa-
tions in the lingual gyrus, the right middle frontal gyrus, the
right inferior frontal gyrus, the bilateral globus pallidus, the

SCZ+V (n=20) SCZ-V (n=19) Healthy controls (n=21) Significance

Age in years, mean (SE) 30.0 (1.6) 31.4 (1.7) 30.9 (1.7) F=0.2; P=0.842
Parental SES (SE) 3.4 (0.3) 2.9 (0.1) 2.4(0.2) F=4.4; P=0.017*
Handedness, % right 90.0 789 85.7 =4.0; P=0.400
Diagnoses 6 SA 3SA - x=1.1; P=0.292
Age of onset in years (SE) 21.0 (1.1) 20.8 (0.8) - F=0.01; P=0.909
Duration of illness (SE) 9.5 (4.8) 10.6 (7.5) - F=0.3; P=0.609
PANSS

Positive (SE) 9.1 2.4) 12.1 (0.8) - F=9.6; P=0.010

Negative (SE) 12.9 (5.5) 15.5 (1.3) - F=2.0; P=0.166

Disorganization (SE) 6.8 (1.9) 8.5 (0.4) - F=7.4; P=0.010

Excitation (SE) 8.3 (3.0) 7.5 (0.6) - F=0.6; P=0.433

Depression (SE) 6.5 (2.3) 7.1 (0.4) - F=0.7; P=0.416
Ratings

Positive images (SE) 4.6 (0.3) 4.8 (0.3) 4.4(0.3) F=0.3; P=0.784

Negative images (SE) 5.3 (04) 5.3(0.3) 5.1 (0.3) F=0.5; P=0.603

Neutral images (SE) 2.4 (0.4) 2.1 (0.5) 1.2 (0.3) F=2.8; P=0.072*
Chlorpromazine equivalents in mg (SE) 846.9 (170.7) 654.4 (74.7) - F=I.1; P=0.309
Clozapine (n) 6 9 - 21=1.2; P=0.265

Note: Significant results are shown in bold (P<0.05). *SCZ-V > controls (P<<0.05).

Abbreviations: PANSS, Positive and Negative Syndrome Scale; SA, schizoaffective disorder; SCZ+V, schizophrenia with violent behavior; SCZ-V, schizophrenia without
violent behavior; SE, standard error; SES, socioeconomic status (a higher number indicates a lower SES).
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Table 2 Between-group differences in brain activations during viewing of negative emotion pictures

Brain regions BA Talairach coordinates Voxels Max T*
x y z (mm?)
Schizophrenia + violence > schizophrenia
Lingual gyrus, extending to the left middle occipital, 18 0 -85 -2 98,791 5.8
the bilateral cerebellum, the right middle temporal,
and the left fusiform
Right middle frontal gyrus 10 33 53 10 1,217 38
Right inferior frontal gyrus/superior temporal gyrus 13/38 33 8 -1 903 4.3
Right globus pallidus 24 -16 -8 1,027 37
Right precuneus 7 21 -73 37 728 4.0
Anterior cingulate gyrus 32 3 38 -2 2,159 4.1
Mid-cingulate gyrus 24 3 —4 31 1,027 4.1
Left globus pallidus - =21 -3 -5 2,052 4.5
Left precentral gyrus 6 —42 —4 31 1,828 4.1
Schizophrenia > schizophrenia + violence None
Controls > schizophrenia + violence None
Schizophrenia + violence > control
Right fusiform gyrus, extending to the right lingual 19 36 -73 -8 12,498 5.5
gyrus and the right inferior temporal
Right superior frontal gyrus 9 15 38 40 362 3.8
Anterior cingulate gyrus 32 3 44 4 1,031 4.0
Left lingual gyrus —-18 -79 -7 1,852 4.2
Left precentral gyrus 6 -39 -1 34 1,389 44
Controls > schizophrenia
Right superior temporal gyrus 38 33 17 =29 402 4.4
Cerebellum (tonsil) - -6 -37 —41 1,619 4.4
Posterior cingulate gyrus 29 -3 -37 13 6,264 4.5
Left cerebellum (tonsil) - -30 -49 —-38 614 37
Left hippocampus - -33 -31 -8 1,905 3.9
Left inferior parietal 40 —42 -52 46 2,579 42
Left superior temporal gyrus 39 —48 =52 22 765 39
Schizophrenia > controls None

Notes: *T-value of the highest peak within the cluster to significantly differ between groups; P<<0.001.

Abbreviation: BA, Brodmann area.

right precuneus, the anterior and mid-cingulate gyrus, and
the left precentral gyrus. Relative to controls, SCZ+V showed
increased activations in the right fusiform gyrus, the right
superior frontal gyrus, the anterior cingulate gyrus, the left
lingual gyrus, and the left precentral gyrus. Finally, relative
to controls, SCZ—V had decreased activations in temporal,
parietal, paralimbic, and cerebellar regions (Table 2).

Conjunction analyses

Since SCZ+V had increased activations compared to SCZ-V
and controls, spatial conjunction analyses were performed
to identify neural differences common to both group com-
parisons. As illustrated in Table 3, spatial conjunction
analyses revealed four intersections between the “SCZ+V
minus SCZ—-V” and the “SCZ+V minus Controls” contrasts,
namely the right lingual gyrus, the left lingual gyrus, the ante-
rior cingulate gyrus, and the left precentral gyrus (Figure 1).
Hyperactivations in these clusters remained significant

after controlling for positive and disorganized symptoms,
clozapine, and parental SES. Among participants with SCZ,
no significant correlations were observed between regional
brain activity and subjective ratings of negative images and
antisocial personality traits (all P-values >0.05).

Table 3 Spatial conjunction analyses for the Negative minus
Neutral contrast

BA Talairach
coordinates

Voxels Max T*
(mm?)

Brain regions

x y z

Schizophrenia + violence > schizophrenia and controls
Right lingual gyrus 18 3 -85 -2 7471 5.6
Left lingual gyrus 18 —-I5 -82 -17 1,807 5.1
Anterior cingulate gyrus 24 3 38 0 320 4.0

Left precentral gyrus 6 42 -4 3l 980 4.1

Notes: *T-value for the highest peak within the cluster to significantly differ between
groups; P<<0.001.
Abbreviation: BA, Brodmann area.
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Contrast: Negative > Neutral
(Spatial conjunction between SCZ+V > SCZ-V and SCZ+V >HC)
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Figure | Spatial conjunction analyses for the Negative minus Neutral contrast.

Notes: The figure displays the four intersections between (SCZ+V > SCZ-V) and (SCZ+V > HC) comparisons (*T-value for the highest peak within the cluster to
significantly differ between groups; P<<0.001; cluster threshold 343 mm?). Results for SCZ+V > HC comparison are displayed in blue, and for the SCZ+V > SCZ-V
comparison in orange. Bar graphs refer to means and SEMs.

Abbreviations: A, anterior; BOLD, blood oxygen level dependent; HC, healthy controls; P, posterior; R, right; SCZ+V, schizophrenia patients with violent behavior; SCZ-V,
schizophrenia patients without violent behavior; SEM, standard error of the mean.

1402 Neuropsychiatric Disease and Treatment 2016:12

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Anterior cingulate hyperactivations during negative emotion processing

Groups comparisons of neural activity

during presentation of positive pictures
For the Positive minus Neutral contrast, no differences were
observed between SCZ+V and SCZ-V, or between SCZ-V
and controls. Relative to controls, SCZ—V had decreased acti-
vations in the left lingual gyrus/cerebellar culmen (x =—15;
y==-31;z=-14; t =3.8; P<0.001; 571 voxels). Among the
participants with SCZ, no significant correlations were
observed between regional brain activity and subjective rat-
ings of positive images, and antisocial personality traits (all
P-values >0.05).

Groups comparisons of neural activity

during presentation of neutral pictures

As presented in Table 4, for the Neutral minus Rest contrast,
relative to SCZ-V, SCZ+V showed increased activations in
the right inferior temporal gyrus, the bilateral middle occipital
gyrus, the medial frontal gyrus, and the left cerebellar tuber.
Relative to controls, SCZ+V displayed increased activations
in the right middle frontal gyrus, the right and medial superior
frontal gyrus, the bilateral superior temporal gyrus, the right
superior parietal gyrus, the right cuneus, the left caudate
nucleus, the left postcentral gyrus, the left lingual gyrus,

and the left inferior occipital gyrus. Relative to controls,
SCZ-V showed increased activations in the left inferior
parietal gyrus (Table 3).

Conjunction analyses
As illustrated in Table 5, spatial conjunction analyses
revealed four intersections between the “SCZ+V minus
SCZ” and the “SCZ+V minus Controls” contrast, namely the
right middle occipital gyrus, the left lingual gyrus, the left
middle occipital gyrus, and the left fusiform gyrus (Figure 2).
Hyperactivations in these clusters remained significant
after controlling for positive and disorganized symptoms,
clozapine, and parental SES. Among participants with SCZ,
no significant correlations were observed between regional
brain activity and subjective ratings of neutral images, and
antisocial personality traits (all >0.05).

Results of within-group contrasts (Negative > Neutral;
Positive > Neutral) are provided in Tables S1 and S2.

Discussion

This is the first study to identify neural alterations in the
processing of negative and neutral emotions among men with
schizophrenia and a history of violent behavior as compared

Table 4 Between-group differences in brain activations during viewing of neutral images

Brain region BA Talairach coordinates Voxels Max T*
x y z (mm?)

Schizophrenia + violence > schizophrenia
Right inferior temporal gyrus 37 57 —46 -23 462 4.1
Left middle occipital gyrus, extending to the right middle 19 -36 -82 4 42,793 5.3
occipital, the lingual gyrus, and the bilateral fusiform gyrus
Medial frontal gyrus I 0 44 -7 355 4.0
Left cerebellar tuber - =57 -49 -29 496 39

Schizophrenia > schizophrenia + violence None

Controls > schizophrenia + violence None

Schizophrenia + violence > controls
Right middle frontal gyrus 9 60 I 37 15,541 4.9
Right superior temporal gyrus 38 42 17 -23 904 37
Right superior parietal 7 30 -55 46 2,987 4.3
Right cuneus 18 21 =91 16 1,080 38
Left caudate nucleus - -5 17 -2 5,679 4.6
Superior frontal gyrus 9 -3 59 28 1,206 3.9
Left postcentral gyrus 40 —48 =31 52 14,975 5.2
Left lingual gyrus 18 -12 -82 =20 1,031 38
Left inferior occipital 19 —48 -82 -5 8,061 5.9
Left fusiform gyrus 19 -24 —67 -7 408 4.6
Left superior temporal gyrus 38 -39 5 -20 1,393 38

Controls > schizophrenia None

Schizophrenia > controls
Left inferior parietal gyrus 40 -36 —46 49 1,007 4.2

Notes: *T-value for the highest peak within the cluster to significantly differ between groups; P<<0.001.

Abbreviation: BA, Brodmann area.
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Table 5 Spatial conjunction analyses for the Neutral minus Rest
contrast

BA Talairach
coordinates

Brain regions Voxels Max T*
(mm?)

x y z

Schizophrenia + violence > schizophrenia and controls
Right middle occipital gyrus 18 24 -94 10 944 39

Left lingual gyrus 18 -9 -88 -17 337 4.0
-37 82 4 4454 52
-24 —64 —14 123 4.0

Left middle occipital gyrus 19
Left fusiform gyrus 19

Notes: *T-value for highest peak within the cluster to significantly differ between
groups; P<<0.001.
Abbreviation: BA, Brodmann area.

to men with schizophrenia and no history of violent behavior
and healthy nonviolent men. Negative pictures elicited
hyperactivations in SCZ+V relative to SCZ-V and healthy
controls in the ACC, the right and left lingual gyrus, and the
left precentral gyrus, regardless of arousal intensity. During
viewing of neutral stimuli, hyperactivations in SCZ+V were
relative to SCZ—-V and controls in the left and right middle
occipital gyrus, the left lingual gyrus, and the left fusiform
gyrus. To our knowledge, this is the first study to report that
SCZ+V attribute a higher intensity of experienced emotion
to neutral stimuli than healthy controls, a result consistent
with similar observations previously made in nonpsychotic
individuals with antisocial behavior.”” Regarding positive
stimuli processing, we did not observe activations that dis-
tinguished SCZ+V from either SCZ—V or healthy controls.
However, when viewing positive emotion pictures, SCZ+V
showed decreased activations in the left lingual gyrus com-
pared to healthy controls.

The most important finding of the current study is the
increase in the ventral ACC reactivity to negative stimuli
specifically observed in SCZ+V. The cingulate cortex is
crucial in integrating input from many different sources,> and
recent studies suggest that the ACC, subdivided into ventral/
rostral/affective and mid/dorsal/cognitive regions, is key for
the integration of negative affect and cognitive control.%-¢
Indeed, a meta-analysis of fMRI studies suggested that
ventral ACC is associated with the generation of emotion,
and the dorsal ACC with emotion regulation.®' Furthermore,
due to important connections with both the amygdala and
the orbitofrontal cortex, the ACC appears to be involved in
violent behavior as well.??> Considering the role of the ACC
in emotion processing,?>* the results of the current study
suggest that ventral ACC dysfunctions are associated with
negative stimuli processing in SCZ+V. A meta-analysis that
included 450 SCZ-V reported reduced activity in ACC in
relation to emotion processing and emotional experience.®

These latter results might reflect a hyperactivation of the
ACC during the viewing of emotionally neutral stimuli, as
SCZ-V have been reported to assign abnormal salience to
neutral stimuli.***** Nevertheless, the results of the current
study show that ACC hyperactivations distinguished SCZ-V
from the two other groups. Based on the extant literature,
dysfunctions in the prefrontal lobe, amygdala, or subcortical
nuclei might have been expected in SCZ+V.'3738 Negative
stimuli did elicit activations in the amygdala within the
SCZ+V group, although they were not significantly different
from the activations elicited in the other two groups. Given
that the amygdala is associated with the automatic detection
of threat®® and that the ACC is associated with the integration
of information,’® our results might indicate that there is a
dysfunction in more elaborate emotion processing among
SCZ+V. Evidence shows that negative emotions may be a
factor in precipitating violent behavior. The current findings
provide a potential mechanistic explanation for this docu-
mented clinical observation.*

We also observed a potential influence of image valence
on the activity of regions associated with early visual detec-
tion (lingual gyrus, fusiform gyrus, middle occipital gyrus)
and movement planning (precentral gyrus) in SCZ+V. Acti-
vations in the visual cortex during the viewing of emotional
stimuli have been frequently reported.® It has been suggested
that early processing might be enhanced as a means of pro-
viding advantage in information processing to specific emo-
tional stimuli (aversive, appetitive).®® It is noteworthy that
negative and neutral stimuli elicited hyperactivations in the
left lingual gyrus in SCZ+V relative to SCZ-V and healthy
controls, whereas positive stimuli elicited a hypoactivation
of the same region in SCZ+V compared to healthy controls.
This pattern, specific to SCZ+V, appears to be an attentional
bias in early visual detection as a function of valence, which
might indicate that visual emotional stimuli are processed
differently in this population. Further studies are needed to
investigate whether, in fact, this effect is associated with
violence. Finally, the hyperactivation of the left precentral
gyrus elicited by negative stimuli might indicate an action/
motor preparation.®

This study has certain limitations. Participants in both
SCZ+V and SCZ-V groups were taking antipsychotic
medications, which could confound the results. However, the
potential effects of antipsychotics on the neural correlates of
emotion processing are highly inconsistent.*>*”-"° Moreover, no
group differences were detected in chlorpromazine-equivalent
dose, and chlorpromazine equivalents did not correlate with
brain activity. Further, the proportions of participants with
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Figure 2 Spatial conjunction analyses for the Neutral minus Rest contrast.
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SCZ receiving clozapine did not differ between groups, and
clozapine had no significant influence on results. This lack
of effect of clozapine may be explained by the fact that the
brain regions found to be altered here (eg, anterior cingulate
and occipital) are not the ones the most consistently affected
by clozapine (eg, striatum).”! SCZ+V presented fewer posi-
tive symptoms than SCZ—-V. However, our results remained
significant when we entered this potential confound in the
analyses. Previous studies have shown that elevated levels
of positive symptoms are associated with violence.”>” In
fact, positive psychotic symptoms constitute the principal
factor associated with violence during an acute psychotic
episode, as does a long duration of untreated psychosis.”™
Once patients are stabilized on antipsychotic medications and
present low levels of positive symptoms (<3 on the Positive
and Negative Syndrome Scale), neither violent behavior nor
other forms of psychosocial functioning are associated with
positive symptoms.” SCZ+V were characterized by lower
parental SES relative to healthy controls, which is consistent
with a recent meta-analysis suggesting that low SES might
be a risk factor for violence in psychosis.”® We performed
analyses of covariances and found that parental SES did not
influence the main results. In this study, we did not recruit
a group of nonpsychotic violent individuals. Even though
we did not observe an effect of antisocial personality on our
results, the inclusion of a group of nonpsychotic individuals
with violent or antisocial behavior would have eased the
interpretation of our findings. In nonpsychotic individuals
with violent or antisocial behavior, reductions in ACC vol-
umes were reported in some studies, while others have not
confirmed these findings.”” A few functional neuroimaging
studies have observed abnormal ACC activations in violent/
antisocial and nonpsychotic individuals during emotion
processing; however, activations were reduced rather than
increased.”” " Taken together, the available evidence makes
it difficult to determine if our results are explained by an
effect of violence or by an interaction between psychosis and
violence.* Finally, although IAPS images are well validated
for the study of emotional valence and arousal,” the images
present in our study and our experimental design were not
optimized to investigate discrete emotions such as anger.
The study was characterized by several strengths including
relatively large samples of men with schizophrenia who
underwent detailed assessments of all disorders including
substance use disorders, symptoms, and violent behavior.
Finally, objective measures showed that no participant had
been using substances prior to the brain scan.

Conclusion

To conclude, this is the first fMRI study to investigate
the processing of positive, negative, and neutral stimuli
among men with schizophrenia and a history of violence.
A potential bias toward image valence in early visual detec-
tion was observed among SCZ+V. More importantly, these
men displayed ventral ACC dysfunctions when processing
negative stimuli. Given the role of the ACC in information
integration, these results potentially indicate a dysfunction in
more elaborate processes related to emotions among SCZ+V.
Future studies are needed to investigate the influence of dis-
crete emotions (anger) and emotion regulation on the ACC
of this population.
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Supplementary materials

Table S| Brain activations in each group during negative emotions

Brain region BA Talairach coordinates Voxels Max T*

x y z (mm?)

Schizophrenia + violence
Negative minus Neutral®
Left fusiform gyrus, extending to the lingual gyrus, 19 —42 —67 -4 269,855 14.4
bilateral cerebellum, posterior cingulate, left middle
temporal, thalamus, bilateral amygdala/globus pallidus,
bilateral inferior frontal gyrus

Medial frontal gyrus, extending to the middle frontal 6 -3 -20 64 29,037 7.7
gyrus, anterior cingulate gyrus, and left precentral gyrus

Right superior temporal gyrus 22 48 -7 -8 668 4.5
Right subgyral temporal 20 39 -3 -20 466 4.8
Mid-cingulate 24 -3 —4 31 445 4.6
Left cerebellum tonsil -18 -28 -38 363 47

Schizophrenia
Negative minus Neutral

Right fusiform gyrus 19 33 =79 -7 444 4.2
Left fusiform gyrus 37 -39 -58 -20 1,004 49
Controls

Negative minus Neutral

Brain stem, extending to the bilateral amygdala and the - -5 -23 -7 49,013 8.1
bilateral superior temporal gyri

Right fusiform gyrus 37 39 —43 =11 11,359 7.8
Left cerebellum tonsil - -2 —40 -38 8,456 5.8
Medial frontal gyrus 9 9 50 19 1,357 48
Posterior cingulate gyrus 31 12 —43 22 771 4.9
Anterior cingulate gyrus 24 6 26 -5 1,330 6.0
Left fusiform gyrus 19 -36 —67 =11 22,929 8.2
Left middle frontal gyrus 9 —45 14 28 1,100 4.6

Notes: *T-value for the highest peak of activation with the cluster; P<<0.001. *The contrast Neutral minus Negative revealed no significant clusters of activations within
groups.
Abbreviation: BA, Brodmann area.
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Table S2 Brain activations in each group during positive

emotions
Brain region BA Talairach Voxels Max T*
coordinates  (mm?)
x y z
Schizophrenia + violence
Positive minus Neutral
Right middle occipital gyrus 37 48 -67 -5 5396 5.1
Left fusiform gyrus 37 45 —61 -20 3015 6.3
Neutral minus Positive
Right fusiform gyrus 37 27 =37 -1l 953 4.1
Left parahippocampal gyrus 36 —24 —40 —Il 1,609 4.6
Left inferior parietal gyrus 40 -39 -31 31 1,078 4.0
Schizophrenia
Positive minus Neutral
Left fusiform gyrus 37 45 -64 -23 401 4.0
Neutral minus Positive None
Controls
Positive minus Neutral
Right middle temporal gyrus 39 42 -52 4 9,286 7.2
Right amygdala - 21 =10 —II 6,491 7.1
Superior frontal gyrus 9 -9 56 28 6182 69
Precuneus 7 0 -58 31 5,951 7.1
Anterior cingulate gyrus 32 0 38 -5 63l 44
Left middle temporal gyrus 21 =51 -7 —17 14,539 7.0
Left middle frontal gyrus 6 -36 8 49 467 5.1
Left fusiform gyrus 37 -39 —46 -20 1062 4.5
Neutral minus Positive
Left precentral gyrus 6 27 —-19 52 1,178 55

Notes: *T-value for the highest peak of activation within the cluster; P<0.001.

Abbreviation: BA, Brodmann area.
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