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Abstract

Purpose of review—Aggression in schizophrenia is associated with poor treatment outcomes,
hospital admissions, and stigmatization of patients. As such it represents an important public
health issue. This article reviews recent neuroimaging studies of aggression in schizophrenia,
focusing on PET/single photon emission computed tomography and MRI methods.

Recent findings—The neuroimaging literature on aggression in schizophrenia is in a period of
development. This is attributable in part to the heterogeneous nature and basis of that aggression.
Radiological methods have consistently shown reduced activity in frontal and temporal regions.
MRI brain volumetric studies have been less consistent, with some studies finding increased
volumes of inferior frontal structures, and others finding reduced volumes in aggressive
individuals with schizophrenia. Functional MRI studies have also had inconsistent results, with
most finding reduced activity in inferior frontal and temporal regions, but some also finding
increased activity in other regions. Some studies have made a distinction between types of
aggression in schizophrenia in the context of antisocial traits, and this appears to be useful in
understanding the neuroimaging literature.

Summary—~Frontal and temporal abnormalities appear to be a consistent feature of aggression in
schizophrenia, but their precise nature likely differs because of the heterogeneous nature of that
behavior.
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Introduction

Measures

Violence and aggression are serious public health concerns [1], and are linked with severe
mental illness [1-3], particularly schizophrenia [4-6]. Patients with schizophrenia show
modestly increased levels of aggression relative to the general population [2,4], which is
increased with comorbid substance use [7,8]. This violence may cause physical and
psychological damage to patients and victims, and precipitate admissions to hospitals and
forensic institutions, or prevent discharge from such institutions [9]. This adds to the
enormous economic cost of schizophrenia [10]. Moreover, the media tends to sensationalize
violence in the mentally ill [11], leading to the public conception that schizophrenia is a
‘violent disorder’, thereby increasing stigma [12,13].

It is therefore important to move toward a better understanding of the salient neurobiology
underlying violence and aggression in schizophrenia. Such research can inform novel
treatments and may begin to address several of the public health problems associated with
aggression in schizophrenia.

In the current article, we will review the recent literature on the neuroimaging correlates of
aggression in schizophrenia. It should be noted, however, that other domains have been
quite informative, including neuropsychological [14] and psychopharmacological [15,16]
studies. Before we review the neuroimaging literature, we will first address some conceptual
issues that are crucial to progress in the field.

of aggression

Much of the violence data in schizophrenia come from self-report, which poses significant
problems because of the unreliability of such report, particularly in clinical populations.
Behavioral measures of aggression, such as the Point Subtraction Aggression Paradigm [17]
or the Taylor Aggression Paradigm [18], which might provide more fine-grained
information than self-report measures, have not been widely employed in patients with
schizophrenia, and certainly not in the context of neuroimaging.

Heterogeneity of aggression

Another key issue is that violence in schizophrenia is heterogeneous: some violence is
psychosis-related and can be reduced with antipsychotic medication [19,20]; other
aggression is driven by personality traits, is independent of psychosis, and does not wane
with standard treatments [21,22]. Some studies have focused on habitually violent patients,
who represent only a fraction of aggressive patients. Moreover, habitually violent patients
appear to differ neurobiologically from those who are only transiently violent [23].

Researchers postulate several different developmental pathways to aggressive behavior in
schizophrenia. Swanson et al. [21] suggested two pathways: one related to psychotic
symptoms exhibited in adulthood, and another related to antisocial problems in childhood.
Hodgins [24] postulated three pathways: lifetime antisocial behavior; aggression that
commences at psychosis/iliness onset; and aggression that begins years after onset. The
antisocial subgroup, which includes the habitually more violent patients, is more likely to
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engage in violence [21,25], has an earlier first hospitalization, and longer stays in hospitals
[25]. In another triarchic model, Krakowski [26] distinguishes among patients who are
transiently violent and show symptoms of excitation and hyperarousal, persistently violent
patients with minimal neurological impairment, and persistently violent patients with
prominent neurological deficits and negative symptoms.

Psychosis alone is not sufficient to explain differences in violence rates between people with
schizophrenia and the general population. Rather, psychosis is one of several risk factors for
violence in schizophrenia [27]. The literature further suggests that violence and psychosis
may be orthogonal. Preliminary cognitive [14,22] and neuroimaging [28¢] reports suggest
that there are neurobiological differences between people from the different violence
pathways.

A relatively new avenue of neurobiological research focuses on the subfeatures of
callousness and unemationality (callous-unemotional traits). Those with callous-
unemotional traits represent a subgroup that is at particularly high risk for pervasive violent
and criminal behavior [29]. Studies of children and adolescents suggest the involvement of
specific neural circuitry deficits in the amygdala and ventromedial prefrontal cortex.
Recently, callous-unemotional traits were proposed as a key characteristic of the
forthcoming Diagnostic and Statistical Manual of Mental Disorders - V (DSM-V) antisocial
personality type [30]. Despite this knowledge, and reports of a core subgroup of violent
schizophrenia patients with these features [31,32], no research has examined the
neurobiology of callous-unemotional traits in schizophrenia.

Having covered two of the main conceptual hurdles to understanding the neural basis of
aggression in schizophrenia, we turn to a review of recent neuroimaging results. These
results are summarized in Table 1.

PET/single photon emission computed tomography studies

Some of the earliest studies of aggression in schizophrenia come from radiological methods
such as positron emission tomography (PET). Raine et al. [33¢,34] studied accused
murderers pleading not guilty by reason of insanity and age and sex-matched controls using
performance on a continuous performance task (CPT). Accused murderers had reduced
glucose metabolism in the prefrontal region, superior parietal region, angular gyrus, and
corpus callosum, along with abnormal metabolic asymmetries (right > left) in numerous
regions during the CPT. In a subsequent analysis of these data, Raine et al. [35+] found a
greater reduction in frontal activation in those with affective rather than predatory basis
crimes.

In a single photon emission computed tomography (SPECT) comparing three aggressive
with 12 nonaggressive schizophrenia patients during a cognitive set-shifting task (the
Wisconsin Card Sorting Task), Spaletta et al. [36] found reduced prefrontal regional

cerebral blood flow in the aggressive patients only. No difference was found between groups
when not presented with a task (at rest).
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In an early study on male patients with schizophrenia, Wong et al. [37] found reduced
fluoro-deoxyglucose (FDG) uptake in the left and right anterior inferior temporal region in
patients with nonrepetitive violent offending, but only in the left anterior inferior temporal
region in patients with repetitive violent offending. However, this study has not been
replicated. Thus, although findings with PET and SPECT are fairly consistent with respect
to brain regions implicated in aggression, the findings specific to schizophrenia are limited.

MRI studies

MRI studies of aggression in schizophrenia have fallen into two main categories. Structural
MRI studies have focused on brain volumetric measures and white matter integrity, whereas
functional MRI studies have focused on patterns of brain activation either during a task or at
rest.

Structural MRI

In a meta-analysis, Yang and Raine [46] found that cortical volumes were reduced in
antisocial, psychopathic, and violent populations. Among these are studies showing reduced
frontal gray matter but not white matter in violent patients with antisocial personality
disorder [47¢]. However, Hoptman et al. found that aggression in patients with treatment-
resistant schizophrenia or schizoaffective disorder was associated with larger caudate [38]
and orbitofrontal (OFC) [39] volumes. They attributed these findings to long-term
ineffective treatment with typical antipsychotic medication, based on findings that these
agents increase basal ganglia (and possibly other) volumes both in patients [48,49] and in
the rat [50]. Similarly, Risch et al. [40] found that larger OFC volumes were associated with
a history of suicide attempts in patients with schizophrenia. It is possible that this finding
was due to the effect of antipsychotics, but medication histories were not reported in this
article.

Larger regional brain volumes in populations noted for aggression are not limited to
schizophrenia, as Glenn et al. [51] reported larger striatal volumes in psychopaths than in
healthy controls. Moreover, in a whole-brain voxel-based morphometry (VBM) study, De
Brito et al. [52] found larger gray matter volumes in boys with callous-unemotional conduct
problems in medial orbitofrontal, anterior cingulate regions and higher gray matter
concentrations in the temporal lobes bilaterally compared with healthy controls. They
attributed these findings to delayed cortical maturation of these areas, which are critical to
the pathology seen in this group.

Tiihonen et al. [53], in a study of persistent violent offenders with antisocial personality
disorder and substance dependence, but without schizophrenia, found larger white matter
volumes in occipital and parietal lobe and right cerebellum, and greater gray matter volumes
in left cerebellum. However, using VBM, they found reduced gray matter volumes in
postcentral gyrus, frontopolar cortex and orbitofrontal cortex. It is unclear why the authors
chose to focus on white matter volumes when they also found changes in the opposite
direction for gray matter (albeit using different methods). It is worth considering that image
tissue contrast differences could account for relative shifts in the classification of tissue as
gray matter vs. white matter, which would lead to opposite effects for the two tissue types.
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Cortical thickness also appears to be reduced in aggressive patients with schizophrenia. In a
study of aggressive and nonaggressive patients with either antisocial personality disorder or
schizophrenia, Narayan et al. [41<] found reduced cortical thickness in ventromedial
prefrontal and lateral sensorimotor cortex in the aggressive compared with nonaggressive
patients, especially in the right hemisphere. Within aggressive patients, however, only those
with antisocial personality disorder (as opposed to schizophrenia) showed reduced thickness
in the medial frontal cortex.

Finally, there is some evidence of white matter abnormalities associated with aggression in
schizophrenia. In a diffusion tensor imaging (DTI) study, Hoptman et al. [42] found that
levels of aggression, as measured by the Life History of Aggression [54] and Buss Durkee
Hostility Inventory [55], were associated with increased diffusivity in inferior frontal white
matter. Increased diffusivity has been associated with atrophy in schizophrenia [56], and
specifically with increased cerbrospinal fluid (CSF) volumes [57].

The structural MRI literature thus far suggests that brain volumetric measures can be either
larger or smaller in aggressive patients with schizophrenia. We are aware of only one
published cortical thickness paper, which was inconclusive regarding aggression in
schizophrenia. The only DTI study on aggression in schizophrenia supports the idea that
white matter disruptions in ventral prefrontal white matter are associated with aggressive
attitudes and history.

Functional MRI

Few functional MRI (fMRI) studies have examined aggressive patients with schizophrenia.
For this reason, we will also discuss studies in nonschizophrenia populations. In the first
study of its kind, Kiehl et al. [58] found reduced activation in limbic regions (amygdala,
hippocampus, parahippocampus, striatum, and cingulate) in the memory of affective words
in eight criminal psychopaths compared with eight noncriminal psychopaths and eight
healthy controls. The criminal psychopaths showed increased activation in frontotemporal
cortex. Raine et al. [59] found that severely abused violent offenders had lower activation in
the right hemisphere, particularly right temporal regions, during a visual verbal working
memory test compared with severely abused nonviolent ones. In a study of aversive delay
conditioning, Veit et al. [60] found reduced activation in the bilateral orbitofrontal cortex,
insula, and anterior cingulate, as well as right amygdala and left dorsolateral prefrontal
cortex, in psychopaths compared with healthy controls. A group of people with social
phobia showed increased activity in these same regions compared with controls.

More recently, fMRI studies have examined the neural correlates of callous-unemotional
traits in violent populations. These studies, in which imaging is conducted while individuals
are performing emotional processing tasks, implicate amygdala hypoactivation and
compromised amygdala-ventromedial prefrontal cortex regions in those with higher levels
of callous-unemotional traits [61,62¢¢].

In a study of violent patients with schizophrenia and comorbid antisocial personality
disorder and substance use disorders, Joyal et al. [43+] examined blood oxygen level
dependent (BOLD) response during a go/no-go task that examines response inhibition. They
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found that patients with comorbid antisocial personality disorder and substance use disorders
showed decreased frontal basal activation compared with aggressive patients with
schizophrenia only and with nonviolent healthy controls. The comorbid group also showed
increased activity in motor, premotor, and anterior cingulate regions. They suggested that
antisocial patients have abnormalities in ventral frontal regions, whereas those without such
comorbidity might be more characterized by executive dysfunctions in more dorsal frontal
regions.

Kumari et al. [44++] demonstrated abnormalities in activity modulation in occipital-temporal
regions during an anticipatory fear task in violent individuals with schizophrenia and people
with antisocial personality disorder, compared with nonviolent control groups. Within the
violent groups, however, the violent schizophrenia patients demonstrated hyperactivity in
the thalamic—striatal area, whereas the antisocial patients showed hypoactivity in the same
area. The authors speculate that these opposite neural findings may reflect distinct threat—
response behavioral mechanisms.

In the only fMRI study on distinct violence-prone schizophrenia subgroups, Dolan and
Fullam [28¢] examined neural responses to emotional faces in schizophrenia individuals
high and low on psychopathic traits. The findings suggest that individuals with higher
psychopathy scores exhibit compromised amygdala—prefrontal cortex functioning, and
attenuated amygdala activation when presented with fearful faces. Moreover, these results
support the notion that a subgroup of violent schizophrenia individuals with persistent, life-
long antisocial/psychopathic traits is characterized by distinct neural circuit abnormalities.
These results should be interpreted with caution, however. Dolan and Fullam [28¢] used a
relatively small sample of only male patients, and had no nonschizophrenia control
population.

Functional connectivity is defined as the temporal correlation of activity in disparate regions
[63]. Biswal et al. [64] were the first to show that such activity exists even in the absence of
an overt task. This observation is valuable because it gets around the influence of task
performance on brain activation or functional connectivity. Thus far, only one study has
been published on resting state functional connectivity (RSFC) and aggression in patients
with schizophrenia. In that study, Hoptman et al. [45¢] examined functional connectivity
with the amygdala on a voxelwise basis in 25 patients with schizophrenia and 21 healthy
controls. The seeds used to examine this functional connectivity were derived from an
anatomically validated study of effective connectivity of the amygdala [65]. Compared with
controls, patients showed significant reductions in functional connectivity between the
amygdala and ventral prefrontal cortex. More importantly for the current discussion, this
reduction, which trended toward negative functional connectivity, predicted higher levels of
aggression on two different measures. The effect was not related to neuroleptic medication
dosage or to age, and was specific to the amygdala, as it was not observed in networks
associated with the dorsolateral prefrontal cortex, OFC, or supragenual or subgenual
cingulate.

It will be interesting to see whether these findings are related to direct structural connectivity
impairment or if they are driven by some other set of regions. However, the findings of this

Curr Opin Psychiatry. Author manuscript; available in PMC 2015 April 30.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hoptman and Antonius Page 7

study are consistent with DTI findings, reported above, which suggest reduced white matter
integrity in the inferior frontal regions in schizophrenia is associated with aggression. It is of
particular note that the white matter regions interrogated in the DTI study contain fibers of
the uncinate fasciculus, which connects the amygdala with the ventral prefrontal cortex
regions [66], areas implicated in the resting state study.

Conclusion

Research on the neural basis of aggression in schizophrenia suggests the involvement of
abnormal frontotemporal circuitry. The few PET/SPECT studies focusing on schizophrenia
have shown reduced activity in those regions. Brain volumetric measures have been less
consistent, with some studies showing increased volumes in more aggressive schizophrenia
patients. Functional imaging studies have been consistent in showing abnormalities in the
ventral prefrontal regions, with less consistent patterns in other regions.

Progress has been hampered by the dearth of critical studies in the area. The specificity with
respect to the heterogeneity of schizophrenia is limited because numerous studies employ
patients from multiple diagnostic categories. Another area that is poorly understood is the
cause of aggression in schizophrenia. Aggressive acts can have numerous bases, including
impulsivity, psychotic misinterpretation, and purely instrumental bases. Often, these
different causes occur within the same aggressive act [32].

It will be important to develop strategies to better understand how these different causes
interact and whether they are separable. In addition, imaging studies are still fairly limited.
Multimodal imaging studies that combine structural and functional components in the same
individuals are likely to be most fruitful, but are lacking. Studies combining better
characterization of clinical populations, better understanding of the cause of aggressive acts,
and more coherent imaging strategies will likely be conducted in the next several years.
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