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Abstract

Neurodevelopmental disorders such as autism and schizophrenia involve social interaction
problems and poor mentalizing abilities, associated with abnormal regional cerebral activity.
Similar problems may be present in aggressive personality disorders and psychopathy. This
paper reviews brain imaging data from research aiming at establishing possible central
nervous correlates to aggression and psychopathy. Studies in this field are associated with a
range of method problems. Differences between criminal offenders and controls may be
confounded by a number of factors unrelated to personality traits or aggression per se.
Phenotypical characterisation varies between studies as do the laboratory methods and their
interpretation. In spite of these problems, there are some recurrent findings in the present
literature. Hypoactivity or structural reduction of the prefrontal cortex is a consistent finding
in violent offenders or subjects with antisocial personality disorder. When defined as a
personality disorder of social interaction and empathy, psychopathy seems to be associated
rather with central abnormalities in the limbic circuitry. Indications of an increased
dopaminergic neurotransmission relative to the serotonergic have also been connected to such
personality traits, especially to the AD/HD-related behavioural aspects. Further studies using
strict phenotypical definitions or experimental models are clearly warranted to establish a
pathophysiological background to destructive personality traits and the propensity to violent
acting out.

Keywords: antisocial personality disorder, violence, neurotransmittor, brain imaging, empathy
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1. Introduction: Social brain functioning

Getting to know other people, responding to their behaviour, and developing insight into self
and others by means of mutual reflections are essential processes in human life. These
processes depend on neuropsychological abilities, such as the formation of a theory of mind
(understanding that other people have inner mental lives) and mentalizing (attribution of
intent and meaning to other people’s behaviour), involving large parts of the brain. Social
perception depends on vision and hearing, but also on sense of smell and somato-sensation,
and on the associations with memories and emotions in the amygdala-hippocampal and other
limbic structures. Social response formation involves automatic, stereotyped motor patterns
encoded in brain stem nuclei and the hypothalamus as well as central limbic (including parts
of the basal ganglia) and medial temporal structures, all in interplay with the frontal cortex,
containing both posterior motor areas and the anterior, inhibitory and controlling parts. Also
parts of the cerebellum and the corpus callosum, mediating the interplay between the
hemispheres, are important for this “social brain”. The verbal reasoning of the dominant
hemisphere is balancing with the (often negative) emotionality of the non-dominant
hemisphere. A wide array of neurotransmitter systems are involved in the functioning of these
“social” circuits. The three monoaminergic systems, the serotonergic, originating in the raphe
nuclei, the mesolimbic dopaminergic, originating in the substantia nigra, and the
norepinephrinergic, originating in the locus coeruleus, project to and control the activity in
vast areas of the brain. The GABAergic anti-excitatory system, the peptidergic systems
(especially those using oxytocin and enkephalines), and neurons under the influence of steroid
hormones are all of importance to social functioning (for overviews of the structure and
functioning of the social brain, see 38, 49]. Extremely vast parts of the brain are thus involved

in the exceptionally complex mental functions needed to guide social behaviour.
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Social interaction disorders

Autism and autism spectrum disorders have been used as prototypical social brain disorders as
they are defined by early developmental aberrations in social interaction, in verbal as well as
non-verbal communication, and in the ability to adjust one’s own behaviour and thinking to
other persons in a flexible way [83]. Autism has been linked to abnormal social brain
functioning and neurological disorders [26]. Abnormalities in the perception of human faces
and gazes are linked to a deficient or abnormal mentalizing ability in subjects with autism [7,
30, 41]. Recent data suggest that autism may represent an extreme dysfunction in abilities
proposed to play an important role also in normal personality development [68, 15], abilities
that are sometimes diminished also in relatives of persons with autism or in subjects with
subsyndromal traits of the disorder [23, 25, 12, 8]. The neurocognitive definitions of autism
have, since their introduction during the 80ies, promoted a rapid growth of empirical research
into the neurobiology and genetics of the disorder. Autism spectrum disorders and autistic
traits are encountered in subgroups of violent offenders [71] and may be of relevance for the
empathy problems encountered in personality disorders with troubled interpersonal interaction

patterns [65, 72].

In the forensic field, disorders of social functioning are defined as antisocial personality
disorder (defined mainly through behavioural criteria reflecting an early-onset pervasive
pattern of norm-breaking) [3] or psychopathy (defined also by psychological criteria such as
callousness, dominance-seeking, superficiality and affective blunting) [31]. Aggressive acts
take place in a social context, where aberrations in perception, processing or reaction
formation/control may be implicated, and violent offenders, without any further phenotype
characterisation, have therefore been included in research on possible brain abnormalities.

Psychopathy may be used as a more specific clinical phenotype, especially if the
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psychological, interpersonal, and affective deviances are focused upon to identify subjects

with empathy problems [65].

Social interaction problems are also core features of a large number of mental disorders [25],
including schizophrenia and personality disorders other than those related to criminality [3],
and are also documented in important subgroups of persons suffering from anorexia nervosa

[50], ADHD [39], and OCD [10].

Setting out from autism as an example of social interaction disorder, this paper will
summarize current knowledge about social brain dysfunction in aggression, violent offending,

and psychopathy.

2. Social brain dysfunction in aggression and psychopathy

Core abnormalities in the pathogenesis of autism are hypothetically located in the amygdala,
adjacent limbic structures, and the corpus callosum [64, 47, 62, 26]. Damage to the amygdala
is associated with impairments in social cognition and interpretation of emotions [1, 77], and
the amygdala and the adjacent medial temporal lobes, hippocampi, and striatum show
abnormalities in autism [5, 61]. Further down the CNS, abnormalities in the brain stem, where
the nuclei of the monoaminergic systems and the cranial nerves are located, and in the
cerebellum, are proposed to be relevant for autism [37, 6]. The frontal cortex interplays with
the limbic structures and plays a central role in the deviant processing of mentalizing
documented in autism [29, 76]. This research has firmly established autism as a social brain
disorder, clinically well defined and also to a very high degree hereditary and/or associated

with medical conditions affecting the social brain [60, 26].
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Studies of social brain dysfunction in aggression and psychopathy have not yet reached this
clarity. Fundamental problems for research in this area lay in the definitions of index cases
and controls. Studies have either focused on perpetrators of violent crimes, extremely
aggressive subjects or personality traits thought to increase the risk of aggression,
heterogeneously defined by psychological or behavioural criteria. Comparisons between
neurobiological findings and behavioural patterns, in contrast, require highly specific
characterisation of phenotypical traits and complicating factors mediating the risk for the
targeted behaviour. Also the controls pose a major problem, as differences may be expected
between criminal offenders or severely disabled patients and controls, who are often recruited
among healthy hospital staff. Nor is it possible to draw conclusions about severely disturbed
persons from correlations between brain functioning and behaviour in healthy controls — or
vice versa. Subjects with severe social dysfunctions generally have complex mental problem
constellations accompanied by troublesome life histories reducing the specificity of all
neurobiological findings. The laboratory methods generally reflect indirect biological markers
that may or may not be the expression of primary or secondary neurological events. And —
studies on aggressive behaviour are, for apparent reasons, performed first after the violent

event, which further complicates the interpretation of findings.

The frontal lobes have been a primary target in the search for a substrate for aggression ever
since the famous case report of Phineas Gage, who changed personality after a severe head
injury to the frontal lobes [16], although the original case report states that Gage suffered
from persistent infections, had surgery to remove a cerebral abscess, and suffered from
untreatable seizures engaging the whole brain during his deterioration [33]. Studying regional
brain glucose metabolism in murderers with PET, Raine and coworkers [54] found decreased

activity in the prefrontal cortex in comparison to controls (see Table 1 for detailed
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information on studies in this area based on a MEDLINE search using the terms
“tomography”, “imaging”, “viol*” and “aggr*”), and several other studies on offenders have
documented frontal or temporal abnormalities in functioning or structure (Table 1). All these
studies have been cross-sectional, and regional dysfunctions in perpetrators under the stress of
a court procedure, awaiting harsh sentences, may express state rather than trait. In [38], Raine
and coworkers published an important study documenting structural changes in the prefrontal
lobes in community-recruited subjects with antisocial personality disorder. Psychopathy as a
phenotype with a pervasively increased propensity for violent or damaging behaviour has
been used to study pathophysiological mechanisms involved in these behaviours rather than
using the behaviour per se as indicator. The evidence for frontal abnormalities specifically
linked to psychopathy is not strong. In a recent volumetric MRI study [43], prefrontal
volumes were uncorrelated to the total and factor scores of the PCL-R. MRI volumes,
however, may not reflect functional activity, and in a SPECT study of PCL-R psychopathy,
all correlations between the interpersonal Factor 1 and the frontal regions of interest were in
the negative direction. Tests of executive functioning in psychopathy have shown normal
results on attention shift tests such as the Wisconsin Card Sorting [32, 44] and on the
intradimensional/extradimensional test (ID/ED) of attention shift, thought to largely represent

the dorsolateral prefrontal functioning, while the response reversal facet of this test showed

significant impairments, thought to reflect specifically the orbitofrontal functioning [48].

The central “social brain” areas seem to be more relevant than the frontal lobes for

psychopathy. The function problems involved may be due to primary amygdala dysfunction
[11, 80, 75] or abnormal functioning in the limbic circuitry [42, 69]. Recent functional MRI
studies have shown that individuals with PCL-R-rated psychopathy have abnormal affective

memory activation in the limbic system (cingulum, ventral striatum, amygdala/hippocampal
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formation, and parahippocampal gyri) and increased cortical activity in other frontotemporal
areas [40], and that a similar group have deviant activation patterns in the right prefrontal
areas, amygdala, subgenual cingulate and temporal gyrus, and in the left-sided dorsal
cingulate and parahippocampal gyrus when shown negative affective pictures [49]. These
findings support those from a previous SPECT study [36], indicating that subjects with
psychopathic traits use non-limbic cognitive strategies to process affective words. Increased
risk-taking, decreased learning from disadvantageous choices, and generally delayed
responses in gambling tests, probably reflecting both frontal and amygdala abnormalities [9],
complete this picture [48, 18]. Remarkably few studies had challenged callosal functioning in
psychopathy despite indications of specific verbal dysfunctions and intrahemispheric
imbalance, but Raine and coworkers [59] have recently produced elegant documentation of
correlations between abnormalities in the callosal area and psychopathy through fMRI and

psychological tests.

In the background of psychopathy, childhood-onset neuropsychiatric disorders such as
AD/HD and learning disorders as well as early onset disruptive behaviour disorders may be
discerned [71, 72]. Boys with AD/HD and conduct disorder also showed a decrement of
autonomic responses and a more rapid habituation to orienting and adverse startling stimuli
than boys with AD/HD alone, thus resembling the profile described in adult psychopathy

[34].

3. Neurochemical correlates to social dysfunction
The idea of a deficient behavioral inhibitory system and increased behavioral activation has
been linked to the chemical activity of the central nervous monoamine systems (for overviews

of these monoaminergic systems, see 38, 73, 17]. Serotonergic projections from the raphe
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nuclei reach most parts of the brain and are thought to modulate other systems in the
regulation of affect, appetite, fear, pain, aggression, mood, and impulse control. The
mesolimbic dopaminergic system (projecting from the ventral tegmentum to limbic structures
such as the amygdala, septal area, nucleus accumbens, and substantia innominata) is thought
to stimulate emotional associations, mood, and reward, while the mesocortical dopaminergic
projections are thought to underlie arousal and cognitive processes in the prefrontal cortex.
The nigrostriatal dopaminergic system (from the substantia nigra to the striatal nuclei) is
essential for motor functioning, but thought to be hyperactive in tics and stereotypies. The
norepinephrinergic projections from the locus coeruleus are important for cognition, attention,
motivation, emotional expression, and mood. Not only schizophrenia but also autism has been
associated with an increased dopaminergic turn-over measured through the cerebrospinal fluid
(CSF) concentration of its main metabolite, HVA [24]. These systems also play crucial roles
in the regulation of aggression, where serotonin is thought to modulate and inhibit aggression
driven by catecholamines. Serotonin activity, measured by its metabolite, S-HIAA, in the
CSF, has been consistently decreased in violent suicides [4] and destructive violence such as
arson or the killing of a child or a sexual partner [45, 81] but not in outward-directed
instrumental violence [46, 20, 13, 14]. In these studies, also HVA has sometimes been
decreased, but only as an absolute concentration, not in relation to the 5S-HIAA concentration.
In two subsequent study groups, we have registered associations between psychopathy
(especially the behavioral aspects) and an increased HVA/5-HIAA ratio, indicating deficient
serotonergic regulation of dopaminergic activity [67, 70]. This ratio is more constant than
each concentration per se [22]. An increased ratio may signal dopaminergic hyperactivity, but
possibly also a reactive increase in signaling due to underactivity in prefrontal dopaminergic
areas with hyposensitive or too few receptors, which has been proposed to play a role in

AD/HD and for negative symptoms in schizophrenia [73]. Further studies of transmitter
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systems involved in social brain dysfunction and empathy disorders may also consider
neuropeptides (e.g. oxytocin, vasopressin, and endorphins) and neurosteroids (including the

sex hormones).

4. Discussion

Across the heterogeneity of research methods and selection of subjects, it is apparent that the
vast bulk of presented data describe hypoactivity or structural reduction of the prefrontal
cortex in violent offenders or subjects with antisocial personality disorder. When defined as a
personality disorder of social interaction and empathy, psychopathy seems to be associated
rather with central abnormalities in the limbic circuitry. Mechanisms involved in emotional
processing may be more important for psychopathy, while executive functions such impulse
control may be of greater importance for unstructured, antisocial aggressive behaviour.
Hypothetically, one common denominator behind these findings could be changes in the
regulating balance of the monoaminergic transmitter systems, especially serotonin and
dopamine. Further studies using strict phenotypical definitions or experimental models (such
as activation studies of the amygdala) are clearly warranted to establish a pathophysiological

background to destructive personality traits and the propensity to violent acting out.

Studies in this field are associated with a range of method problems. Differences between
criminal offenders and controls may be confounded by a number of factors unrelated to
personality traits or aggression per se. Phenotypical characterisation varies between studies as
do the laboratory methods and their interpretation. There is a clear risk of publishing bias
over-reporting positive findings. If a professional consensus on some basic assessment
methods, ways of classifying aggressive behaviour, specific systems and functions to study

and publishing practices could be introduced, the pay-off from future research in this field
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might be greatly enhanced without inferring costs for fund-givers or risks for research

subjects.

12
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Table 1. Studies on regional cerebral activity in aggression and psychopathy

Publication Imaging Study population and Main findings
technique
Amen et al., SPECT 40 aggressive patients showed decreased activity in the prefrontal cortex,
1996 [2] (*Te- increased activity in antero-medial frontal regions and the basal ganglia and/or
HMPAO) limbic system, and focal abnormalities in the left temporal lobe in comparison to
40 non-aggressive psychiatric patients.
Frankle et al., PET Serotonin transporter availability was significantly reduced in the anterior

2005 [19] [(11)C] McN  cingulated cortes of 10 individuals withimpulsive aggression compared to 10
5652 healthy controls.

George et al., PET Significantly lower mean glucose uptake in the right hypothalamus in 8 subjects

2004 [21] (*FDG) with alcoholism and a history of domestic violence compared to 11 subjects with
alcoholism and 10 healthy controls.

Goyer et al., PET 17 patients with personality disorders had a significant inverse correlation

1994 [27] (*FDG) between life histories of aggression and regional metabolism in a frontal
transaxial region, and those with borderline personality disorder had significant

Goyer and changes frontally as compared to 43 normal controls (1994). The association

Semple, 1996 between regional frontal metabolism and aggressive impulse problem was

[28] supported by an extension of the study to 10 patients with PTSD (1996).

Hoptman et MRI In 14 men with schizophrenia, aggression was associated with changes in

al., 2002 [35] inferior frontal white matter microstructure measured by diffusion tensor
imaging (DTTI).

Intrator et al., SPECT 8 psychopaths, 9 non-psychopaths, 9 controls. Psychopaths showed bilateral

1997 [36] (*Te- frontotemporal hyperactivation for emotional words on a lexical decision task

HMPAO)  neutral vs. emotional words
Kiehl et al., fMRI 8 criminal psychopaths, 8 criminal nonpsychopaths, 8 general population
2001 [40] controls. Psychopaths showed significantly less affect-related activity in the

amygdala/hippocampal formation, parahippocampal gyrus, ventral striatum, and

in the anterior and posterior cingulate gyri, in combination with over-activity in
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Laakso et al., MRI
2001 [42]
Laakso et al., MRI
2002 [43]
Miiller et al., fMRI
2003 [49]
Oder et al., SPECT
1992 [51] (*Te-
HMPAO)
Parsey et al., PET
2002 [52] ([c-
11IWAY-
100635)
Pietrini et al., PET
2000 [53] (**OH,0)
Raine et al., PET
1994 [54] (*FDG)

Raine et al.,
1997 [55]
Raine et al.,

1998a [56]

Raine et al.,

1998b [57]

the frontotemporal cortices in an affective memory task.
18 violent alcoholic offenders. Negative correlations between psychopathy

ratings and the posterior hippocampus volume

24 violent males, 33 controls. Education- and alcohol-related reductions of

prefrontal cortex but no association with psychopathy

6 male psychopaths, 6 controls. Affective pictures with negative content
increased activation in the right prefrontal region and the amygdala and reduced
activation in the left dorsal cingulate and the parahippocampal gyrus.

36 patients who had suffered closed head injuries about 40 months before the
study showed significant correlations between: 1) uninhibited behaviour and
frontal hypoperfusion, 2) aggression and right hemisphere hypoperfusion, and 3)
social isolation and left hemisphere hypoperfusion.

25 healthy female and male subjects. Significant negative correlations between
5-HT 4 binding and aggression in the anterior cingulate, amygdala, dorsal raphe,

and prefrontal cortex.

15 healthy subjects imagined neutral and aggressive scenarios. Significant
decreases in the medial orbitofrontal cortex compared to the neutral condition.
The 1994 study included 22 perpetrators of murder or attempted murder who
had pleaded not guilty by reason of insanity and 22 age- and sex-matched
controls (3 cases with schizophrenia in each group). In the 1997 study, both
groups were extended to 41 subjects. Notes on early psychosocial deprivation
were used for comparisons within the index group in 1998a, and 15 predatory
murderers were compared to 9 affective murderers in 1998b.

Index cases showed significant reduction of prefrontal glucose metabolism,
particularly on the left side in the 1994 study. In the larger 1997 sample, reduced
metabolism could be demonstrated in the prefrontal cortex, superior parietal
gyrus, left angular gyrus, and the corpus callosum. The prefrontal

hypometabolism was more severe in the index cases without early psychosocial
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Raine et al.,

2000 [58]

Raine et al.,

2003 [59]

Seidenwurm
etal., 1997

[63]

Soderstrom et

al., 2000 [66]

Soderstrom et

al., 2002 [69]

Sterzer et al.,

2005 [74]

Tiihonen et

al., 1995 [78]

Tiithonen et

al., 1997 [79]

Volkow and

Tancredi,

MRI

MRI

EEG
MRI
PET

(*FDG)
SPECT
(”T o-

HMPAO)

MRI
SPECT
(*Te-

HMPAO)

MRI

fMRI

SPECT

(**IB-CIT)

SPECT

("ZIB-CIT)

EEG

PET

deprivation and in affective murderers.

21 community recruited subject with antisocial personality disorder, 34 controls,
and 26 subjects with substance dependence.

Reduced prefrontal grey matter in antisocial PD

15 men with psychopathy, 25 matched controls. Increased callosal white matter
and length, decreased thickness and increased functional interhemispheric
connectivity in psychopathy.

7 violent offenders showed hypometabolism correlating with limbic
electrophysiological abnormalities in the medial temporal lobes when compared

to 9 healthy controls.

21 violent offenders, 11 controls. Significant reductions in the right angular
gyrus and the medial temporal gyrus, bilaterally in the hippocampus and in the
left white frontal matter in offenders, also in the absence of major mental
disorders, substance abuse, and medication.

32 violent offenders. Significant negative correlations between interpersonal
aspects of psychopathy and frontotemporal perfusion, especially in the caudate

nuclei and the hippocampi.

13 male adolescents with severe conduct disorder and 14 healthy matched
controls, significant deactivation of the right dorsal anterior cingulated cortex
and the left amygdale in response to negative pictures.

19 habitually violent alcoholics, 10 non-violent alcoholics, 19 controls

Higher striatal DA transporter density in violent alcoholics, lower in non-violent
alcoholics

21 impulsive violent offenders, 21 age- and sex-matched healthy controls, 10
non-violent alcoholic controls. Lower monoamine transporter specific binding in
the midbrains of offenders.

4 psychiatric patients with histories of irrational violence had blood flow and

metabolic changes in the left temporal lobe, 2 had concomitant frontal cortex
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1987 [82]

Wong et al.,

1994 [84]

Wong et al.,

1997a [85]

Wong et al.,

1997b [86]

("OH,0,

BEDG)

changes, and CT showed cortical atrophy in 2.

EEG (n=262) In 372 male patients at a special hospital there was an increased frequency of

CT (n=77)

EEG
MRI
PET

("*FDG)

focal temporal abnormalities (EEG) and structural temporal changes (CT)

among the most violent patients.

31 (1997a) and 39 (1997b) repetitive and non-repetitive violent schizophrenic
and schizo-affective offenders (+6 controls in 1997b) were investigated with the
following findings.

EEG: Higher incidence of temporal lobe abnormalities in the repetitive
offenders.

MRI: Nonspecific white matter changes in both groups.

PET: Generalized cortical hypometabolism in both groups. Quantitative
analysis: Significantly lower metabolism in the right anterior inferior temporal

regions among non-repetitive offenders.




