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Abstract

Evidence has accumulated to suggest that individuals with schizophrenia are at increased risk for
violent offending. Furthermore, converging evidence suggests that abnormalities in the fronto-
limbic system, including the prefrontal cortex, hippocampus, and the parahippocampal gyrus, may
contribute towards both neuropsychological disturbances in schizophrenia and violent behavior.
Since the behavioral and clinical consequences of disturbed fronto-limbic circuitry appear to differ
in schizophrenia and violence, it may be argued that patients with schizophrenia who exhibit
violent behavior would demonstrate different structural abnormalities compared to their non-
violent counterparts. However, the neurobiological basis underlying homicide offenders with
schizophrenia remains unclear and little is known regarding the cross-cultural applicability of the
findings. Using a 2 x 2 factorial design on a total Chinese sample of 92 males and females, we
found reduced gray matter volume in the hippocampus and parahippocampal gyrus in murderers
with schizophrenia, in the parahippocampal gyrus in murderers without schizophrenia, and in the
prefrontal cortex in non-violent schizophrenia compared to normal controls. Results provide initial
evidence demonstrating cross-cultural generalizability of prior fronto-limbic findings on violent
schizophrenia. Future studies examining subtle morphological changes in frontal and limbic
structures in association with clinical and behavioral characteristics may help further clarify the
neurobiological basis of violent behavior.
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1. Introduction

Evidence has accumulated to suggest that individuals with schizophrenia are at increased
risk for committing violent offenses and disproportionately over-represented amongst
homicide offenders compared to the general population (Hodgins, 2008; Naudts and
Hodgins, 2006). Behaviors characterizing schizophrenia can be marked by a lack of impulse
control, poor planning and executing, and aggressive tendencies, thus it is of crucial
importance to understand the risk factors for violent behavior in patients with schizophrenia.
Furthermore, violent individuals with schizophrenia have been found to be distinguishable
from non-violent schizophrenia and normal controls in their performance on
neuropsychological tasks and numbers of neurological soft signs (Naudts and Hodgins,
2006; Schug and Raine, 2009), which suggests that neuropathological predispositions
contribute towards violent behavior in schizophrenia.

Although many different brain systems have been implicated in schizophrenia, converging
evidence suggests that abnormalities in the fronto-limbic system, including the prefrontal
cortex, hippocampus, and the parahippocampal gyrus, may contribute towards
neuropsychological disturbances in the disorder (Antonova et al., 2004; Harrison et al,
2004). Specifically, prefrontal deficits may lead to executive dysfunction and poor decision-
making, whereas hippocampal/ parahippocampal deficits have been linked to memory
impairments and affective dysregulation. The frontal-limbic circuit, in particular its role in
emotion regulation, has also been implicated in the neuropathology of violence (Schug et al.,
2009; Davidson et al., 2000). Therefore, it may be argued that patients with schizophrenia
who exhibit violent behavior would demonstrate structural abnormalities that differ from
their non-violent counterparts. Despite the supporting evidence provided by several
structural brain imaging studies examining violent schizophrenia (Barkataki et al., 2006;
Narayan et al., 2007; Puri et al., 2008; Kumari et al., 2009; see Naudts and Hodgins, 2006
for review), the neurobiological basis underlying homicide offenders with schizophrenia
remains unclear and little is known regarding the cross-cultural applicability of these
findings.

In this study, we employed a 2 x 2 factorial design on structural magnetic resonance
imaging data collected on murderers with schizophrenia, murderers without schizophrenia,
non-violent patients with schizophrenia, and normal controls in Nanjing, China. This design
allowed the examination of separate effects of diagnosis and homicide on regional gray
matter volumes in the frontal-limbic circuit, as well as the interaction between the two. It
was hypothesized that murderers with schizophrenia would show structural deficits that
differ from those observed in murderers without schizophrenia and non-violent patients with
schizophrenia compared to normal controls.

2. Methods

2.1. Participants

The structural magnetic resonance imaging (SMRI) data of 22 murderers with schizophrenia,
18 murderers without schizophrenia, 19 non-violent patients with schizophrenia, and 33
normal controls collected at Nanjing Brain Hospital in Nanjing, China were examined.
Murderers were detainees accused of homicide who were undergoing forensic psychiatric
evaluation, whereas non-violent schizophrenia patients were hospital inpatients. Normal
controls were community members, cleared for any history of mental illness. For all
participants, diagnostic interviews were conducted by two independent psychiatrists, who
had no knowledge of the group membership of the subjects, at Nanjing Brain Hospital to
assess the lifetime presence of Axis | and Axis Il psychopathology using the Chinese
Classification of Mental Disorder Version 3 (Chinese Society of Psychiatry, 2001) and the
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Diagnostic and Statistical Manual of Mental Disorders (DSM-1V; American Psychological
Association, 1994). A schizophrenia diagnosis was confirmed by consensus as determined
by both CCMD-3 and DSM-IV. All participants were free of lifetime and current substance
abuse/ dependence. Information concerning the history of hospitalization for head injuries
and the socioeconomic status of the subject (determined based on Hollingshead Four-Factor
Index of Social Status; Hollingshead, 1975) were also collected during diagnostic interviews
(Raine et al., 2000) and listed in Table 1. Additionally, full scale 1Q was measured using the
Wechsler Adults Intelligence Scale: Revised in China (WAIS-RC; Gong, 1992) by prorating
four subtests — two from the Verbal Scale (Similarities, Arithmetic), and two from the
Performance Scale (Picture Completion, Digit Symbol Coding). Raw subtest scores were
converted to scaled scores based upon the areas in which participants reported being raised
(i.e. city or country). Written informed consent was obtained from all subjects and
procedures approved by the IRB at the University of Southern California.

2.2. Imaging Procedures

For all participants, SMRI data was collected on a 1.5T GE Signa scanner using a single-shot
gradient echo MPRAGE sequence (TR =25 ms, TE = 6ms, field of view = 24 cm, matrix =
256 x 256, flip angle = 45°, thickness = 1.2 mm, 124 continuous sagittal slices without gap).
Before the segmentation, several pre-processing steps were applied to the data including
correction for magnetic field inhomogeneity artifacts and head tilt, alignment and
transformation of images into a common stereotaxic space without scaling, and automated
tissue classification using a partial volume classifier method (Yang et al., 2009). A
previously validated automated segmentation program (Tu et al., 2008) was then employed
to delineate the prefrontal and limbic regions of interest (ROIs). In brief, a hybrid model
using a general learning theory, auto-context, was applied to the images. By combining
short-range and long-range appearance features and shape information as well as high level
spatial configuration of different anatomical structures, 8 ROIs were segmented based on the
reference image of a probabilistic atlas (http://www.loni.ucla.edu/Atlases/LPBA40) as
follows: superior frontal gyrus (SFG), middle frontal gyrus (MFG), inferior frontal gyrus
(IFG), middle orbitofrontal gyrus (mOFG), lateral orbitofrontal gyrus (IOFG), gyrus rectus
(GR), parahippocampal gyrus (PHG), and hippocampus (HIPP) (Figure 1). The mOFG here
consisted of the inferior aspect of the middle frontal gyrus. Its anterior boundary is
approximately where the MFG curves above the eye sockets and the posterior boundary is
where the MFG meets the temporal pole and where the H-shaped orbital sulcus ends.
Laterally, the mOFG is bound by the transverse orbital sulcus and medially by the medial
segment of the H-shaped orbital sulcus. The IOFG here consisted of the inferior aspect of
the IFG. Its superior boundary is the lateral orbital sulcus and its posterior boundary is
where the IFG meets temporal pole. Its medial boundary is the lateral segment of the H-
shaped orbital sulcus. The parcellated ROIs were then combined with tissue-classified brain
volumes (Yang et al., 2007) to estimate left and right ROI gray matter volumes for each
individual.

2.3. Data Analyses

All statistical analyses were conducted using SPSS (SPSS Inc, Chicago, Il). Chi-square
analyses were used to examine group differences in categorical variables for demographic
and clinical measures whereas one-way analyses of variances (ANOVAs) were used to
examine continuous variables. Variables that differed significantly between groups were
then included in the analyses on regional brain volumes to examine the cumulative effect of
these potential confounds. Differences in gray matter volumes were analyzed using
Repeated Measure Analyses of Covariances (ANCOVAS) to examine the main and
interaction effects of homicide (i.e., murderers/ non-murderers) by diagnosis (i.e.
schizophrenia/ non-schizophrenia) by ROI (i.e., SFG/ MFG/ IFG/ IOFG, mOFG/ RG/ HIPP/
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PHG) by hemisphere (i.e., left/ right). Specifically, left and right gray matter volumes of the
8 ROIs were entered as dependent variables with hemisphere as a within subjects factor, and
the 2 group variables (i.e., homicide and diagnosis) were entered as between-subject factors,
while controlling for whole brain volumes, as well as any potential demographic and clinical
confounds. If significant main/ interaction effects were found, follow-up lower-order
ANOVA:s for individual group pair-wise comparison were conducted to examine differences
between each group separately. The test of Wilks” Lambda was used to obtain the
probability (p) value, Fisher-Snedecor distribution (F) value, and observed power.
Significance was established based on a two-tailed o level of .05 for all tests.

Groups did not differ in age, gender, whole brain volume and head injury (all ps > .08), but
differed significantly in Full Scale 1Q, anti-psychotic medications and years of education,
(all ps <0.001) (Table 1). Specifically, all non-violent patients with schizophrenia were on
anti-psychotic medication at the time of the testing (risperidone: n = 6, clozapine: n = 4,
other anti-schizophrenic medication: n = 9) whereas only 3 out of 22 murderers with
schizophrenia were on anti-psychotic medication (chlorpromazine: n = 1, other anti-
schizophrenic medication: n = 1, traditional Chinese medication: =1). n Findings also
demonstrated that murderers with schizophrenia, murderers, and non-violent patients with
schizophrenia showed lower Full Scale 1Q compared to normal controls (all ps < 0.001), but
the three groups did not differ from each other (all ps > 0.22). These variables were included
as covariates in the statistical analyses to examine the cumulative effects of these potential
confounds.

The Repeated Measure ANCOVAs showed a main effect of homicide by diagnosis by ROI
by hemisphere while controlling for whole brain volume, 1Q, education, and anti-psychotic
medication (F (7, 67) = 2.22, p = 0.041, observed power = 0.80). In addition, significant
interaction effects were observed for diagnosis by ROI (F (7, 67) = 2.17, p = 0.046;
observed power = 0.79) and homicide by ROI by hemisphere (F (7, 67) = 2.30, p = 0.035,
observed power = 0.81), while controlling for whole brain volume, current anti-psychotic
medication, IQ and education. Follow-up ANOVAs showed murderers with schizophrenia
exhibited significant gray matter volume reductions in the right and left hippocampus
compared to murderers without schizophrenia, non-violent schizophrenia, and normal
controls (all ps < 0.037, Figure 1 and Table 2). After additionally controlling for whole brain
volume, 1Q, anti-psychotic medication, and education, results remained significant for right
hippocampus (all ps < 0.014) but not left (all ps > 0.07). In addition, both murderers with
and without schizophrenia were found to show reduced gray matter volume in the right
parahippocampus gyrus compared to non-violent schizophrenia and normal controls (all ps <
0.005, Figure 1 and Table 2), where results remained significant after controlling for whole
brain volumes, anti-psychotic medications, 1Q and education (all ps < 0.008). Non-violent
schizophrenia patients were found to show significant gray matter reduction in the bilateral
SFC and MFC compared to murderers without schizophrenia and normal controls (all ps <
0.04, Figure 1 and Table 2), however only findings for bilateral MFC remained significant
after controlling for whole brain volumes, 1Q, anti-psychotic medication, and education (all
ps < 0.028). No significant group difference was observed for gray matter volumes of other
ROIs (see Table 2).

4. Discussion

Findings support the hypothesis that gray matter volume deficits in hippocampal and
parahippocampal regions may predispose to violent behavior. In humans, the hippocampus
and surrounding parahippocampal gyrus are critical components of a behavioral inhibition
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mechanism through which information processing for impulse control, emotion regulation,
and moral reasoning is modulated (Gray and McNaughton, 2000). Furthermore, across
species, the associated cortical structures such as the prefrontal cortex funnel information
through the parahippocampal regions to the hippocampus (Eichenbaum and Lipton, 2008).
This hierarchy of connectivity highlights the importance of the parahippocampal gyrus in
the behavioral inhibition mechanism. Thus, deficits in the parahippocampal gyrus found in
both murderer groups may contribute to poor impulse control and ultimately lead to
violence.

Despite the shared neuropathology, murderers with schizophrenia were found to show
additional volume reductions in the hippocampus, findings consistent with prior reports on
violent schizophrenia (Barkataki et al., 2006; Kumari et al., 2009). Animal studies have
demonstrated that lesions to the hippocampus may be linked to changes in social behavior
including increased excitability and reduced response to social cues (Machado and
Bachevalier, 2006). Therefore, volume reductions in the hippocampus may predispose
individuals with schizophrenia to be less sensible to social and emaotional signs, which
contribute to the generation of conflicts and the inability to recognize signals for solution,
leading to conflict escalation. This biological predisposition to violence, when further
impaired by additional deficits in the parahippocampal gyrus that disrupts the input from
cortical structures for behavioral control, may result in these schizophrenia patients resorting
to violent offending during conflict situations.

Reduced prefrontal gray matter volumes found in non-violent schizophrenia are consistent
with meta-analysis reviews on neuroimaging findings of schizophrenia patients (Naudts and
Hodgins, 2006). Reduced gray matter volume in the DLPFC has been linked to
neuropsychological deficits in patients with schizophrenia including poor planning and
executing and impaired impulse control (Wright et al., 2000; Weinberger, 1988). Findings
also suggest that, although structural deficits to the prefrontal cortex may interrupt the
sending of inhibitory inputs to the limbic system (e.g. the hippocampus, parahippocampal
gyrus) and may promote aggression, the structural integrity of the limbic system could serve
as a protective factor against violent behavior in schizophrenia. In addition, non-violent
patients with schizophrenia reported higher percentages of anti-psychotic medication use
than their violent counterparts. Previous studies have linked reduced DLPFC gray matter
volume with anti-psychotic medication (e.g., Taki et al., 2006), consistent with findings of
this study. However, the lack of detailed information on the extent of lifetime exposure to
anti-psychotic medication in the current sample prevented further investigating the potential
contribution of anti-psychotic medication towards the findings. Furthermore, the possibility
remains that subtle and/ or localized morphological alterations (e.g. cortical thickness) may
be present in violent schizophrenia patients in the absence of grossygjumetric changes. Future
studies examining the morphometric characteristics of the frontal-limbic system in
murderers with schizophrenia are needed to confirm this speculation.

Several limitations should be considered while interpreting the findings. First, all non-
violent patients with schizophrenia were on one or more antipsychotic medications at the
time of the scanning, whereas only 3 of the 19 murderers with schizophrenia were on anti-
psychotic medication. Therefore, we cannot fully rule out the confounding effect of anti-
psychotic medication on the gray matter volumes, despite the inclusion of current anti-
psychotic medication as a covariate in all analyses. Several studies have demonstrated that
antipsychotic medication did not influence cortical thickness in both chronic and first-
episode schizophrenia patients with little or no prior medication exposure (Kuperberg et al.,
2003; Narr et al., 2005a, 2005b; Nesvég et al., 2008), thus it is unlikely that gray matter
volume differences were solely attributable to medication use. However, the information
regarding past and current substance abuse was largely self-reported, thus it remains a
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possibility that substance abuse may contribute to findings of this study. Second, positive
correlations have been found between reduced intelligence scores and reduced cerebral gray
matter, particularly in the prefrontal regions (Reiss et al. 1996). In our sample, the lower 1Q
scores of homicidal and/ or schizophrenia individuals may be associated with the reduced
gray matter volumes in the prefrontal-limbic circuit found in these individuals. However, it
is worth mentioning that full scale 1Q was included as a covariate in all analyses and most
results remained the same. Also, since schizophrenia is characterized by a generalized
cognitive impairment, correcting for 1Q may remove variance overlapping with the disease
effects of interest arguing against controlling for group differences in 1Q. Third, due
constraints of the auto-parsing algorithm employed in this study, the amygdala could not be
precisely and reliably segmented without human intervention. Thus, this structure, although
recognized as an important structure in the fronto-limbic system that has been found to be
impaired in several violent and schizophrenia samples, was not examined in this study. Last,
the orbitofrontal cortex was segmented into middle and lateral section based on a previously
established atlas using the auto-parsing algorithm, thus we were unable to examine each of
the neuroanatomically distinct sub-regions of the orbitofrontal cortex. Future studies using
other automated or manual segmentation methods could help illuminate the potential
contribution of these regions in violent schizophrenia.

Findings of this study demonstrated the presence of frontal-limbic neuroanatomical
abnormalities in murderers with and without schizophrenia in China supporting the
involvement of the hippocampus and parahippocampal gyrus in violent behavior
specifically. Results provide initial evidence demonstrating cross-cultural generalizability of
prior findings on violent individuals, particularly those with schizophrenia. Future studies
examining subtle morphological changes in the frontal and limbic structures in association
with clinical and behavioral characteristics may help further clarify the neurobiological basis
of violent behavior.
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(a) Hlustrations of the segmentation of the frontal cortex of one subject on the coronal (top)
and sagittal view (bottom). SFC: superior frontal cortex, MFC: middle frontal cortex, IFC:
inferior frontal cortex, IOFC: lateral orbitofrontal cortex, mOFC: medial orbitofrontal
cortex, GR: gyrus rectus, HIPP: hippocampus, PHG: parahippocampal gyrus. (b) Gray
matter volumes of the left and right SFC and MFC (top) and HIPP and PHG (bottom) in
schizophrenia murderers, murderers, non-violent schizophrenia patients, and normal
controls. P values indicate significant group comparisons while controlling for whole brain

volume. The vertical lines represent the standard error bars.
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