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Method: Fifty-three men [14 non-violent healthy controls, 13 with schizophrenia and a history
of serious violence (VSZ), 13 with schizophrenia without a history of violence (SZ), 13 with APD
and a history of serious violence] underwent blood-oxygenation-level-dependent fMRI during
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MRI an experiment involving repeated presentations of ‘safe’ and ‘threat of electric shock’
Fear conditions and provided ratings of shock anticipation and fear. Schizophrenia patients did
Threat not have co-morbid APD.

Serious violence Results: VSZ participants reported the highest, and APD participants the lowest, level of shock
Antisocial personality disorder anticipation and fear, with intermediate ratings by SZ and healthy participants. The violent, relative

to non-violent, groups showed altered activity modulation in occipital and temporal regions, from
early to latter parts of threat periods. Additionally, VSZ patients displayed exaggerated whereas
APD patients showed attenuated thalamic-striatal activity during latter threat periods.
Conclusions: Aberrant activity in occipital and temporal regions when exposed to sustained visual
threat cues is associated with a predisposition to violence in both schizophrenia and APD. This
common biological deficit, however, appears to arise from dissimilar behavioural mechanisms
related to differences in the strength of aversive conditioning and behavioural response to
sustained threat cues (enhanced in VSZ; attenuated in APD), also reflected in opposite patterns of
alternations in thalamic-striatal activity, in these two disorders.
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1. Introduction 2000) and antisocial personality disorder (APD) (Hodgins,
1992). Although positive symptoms may drive inpatient
Violent behaviour is associated with certain mental violence, several other factors contribute on their own or in
disorders, most markedly schizophrenia (Arseneault et al., interaction with symptoms to persistent violence in the
community shown by schizophrenia patients (Krakowski,

2005).
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regions of the prefrontal cortex, amygdala, hippocampus,
hypothalamus, anterior cingulate (AC), striatum and other
interconnected structures (Davidson et al., 2000). Behaviou-
rally, schizophrenia patients with a history of violent
behaviour show a better ability to identify facial emotional
expressions but a poorer ability to discriminate between
intensity of emotions compared to non-violent schizophrenia
patients (Silver et al., 2005). Schizophrenia patients with high
psychopathy scores show impaired recognition of sadness at
low intensity compared to those with low psychopathy scores
(Fullam and Dolan, 2006). Despite the vast literature showing
cortico-limbic abnormalities during processing of affective
information (e.g. Gur et al., 2002; Williams et al., 2004),
previous studies have not examined functional brain abnorm-
alities using an affective processing paradigm in association
with persistent violent behaviour in schizophrenia.

There is reliable evidence of impaired ability to anticipate
punishment, reduced psychophysiological responsiveness to
threatening events, and reduced experience of aversive states
in individuals with high psychopathic traits who form part of
awider group of people with APD (review, Herba et al., 2004).
Studies of psychopathic/APD individuals suggest that altered
functions mainly of regions located within the frontal and
temporal lobes, that are implicated in response inhibition,
modulation of aggressive or submissive behaviour, recogni-
tion of expressions of fear and anger, and fear conditioning,
are involved in mediation and expression of psychopathy and
antisocial behaviour (reviews, Herpertz and Sass, 2000;
Dolan, 2002; Herba et al., 2004; Kumari and Taylor, In
press). Event-related potentials and imaging studies of
psychopathic individuals by Kiehl and colleagues have
shown paralimbic dysfunction and associated behavioural
abnormalities in psychopathy (review, Kiehl, 2006).

In this study we examined neural dysfunctions, measured
with functional magnetic resonance imaging (fMRI), asso-
ciated with a history of serious physical violence during an
anticipatory fear paradigm (Chua et al., 1999; Kumari et al.,
2007) in schizophrenia. We also studied a group with APD and
a history of similar level of violence to that in patients with
schizophrenia to elucidate common and distinct brain
correlates of violence in these two disorders. We hypothe-
sized, albeit with limited confidence given the lack of relevant
imaging data in schizophrenia, that both violent groups would
show altered fronto-temporal activity. We also predicted that
our experimental manipulation involving an aversive proce-
dure would be the least effective in violent APD individuals.

2. Materials and methods
2.1. Participants and design

We used a cross-sectional design, involving four groups:
(i) 14 healthy men (HC) with no history of violence or a
mental disorder, (ii) 13 men with schizophrenia with no
history of violence (SZ), (iii) 13 men with schizophrenia and a
history of serious violence (VSZ), and (iv) 13 men with APD
and a similar history of violence to that of VSZ.

VSZ and APD patients were recruited from specialist high
and medium security hospitals which provide treatment and
security for people with mental disorders who are subject to
compulsory detention because of their dangerous, violent or

criminal propensities. Most of them had extensive violence
histories before admission to a secure hospital. SZ patients were
recruited from local hospitals or outpatient clinics and included
only if they did not have a history of violent behaviour, verified
atinterview and by clinical record screen. HC were recruited via
local advertisements and screened for a history of mental illness
(Spitzer etal.,1990). The sample was recruited as part of a larger
project (Kumari et al., 2006; Narayan et al., 2007).

All included participants were aged between 18 and
55 years, free of substance abuse (confirmed by urine
analysis), neurological conditions or head injury, and spoke
English as their first language. SZ and VSZ patients had a
diagnosis of schizophrenia (First et al., 1995) but no co-
morbid diagnosis of APD (First et al., 1997). APD patients had
a diagnosis of APD (cluster B, DSM IV) but no co-morbid
diagnosis of schizophrenia. Among the schizophrenia groups,
diagnosis included paranoid (9 SZ, 10 VSZ), undifferentiated
(2 SZ, 3 VSZ), disorganised (1 SZ) and residual (1 SZ) sub-
types. Within the APD group, 8 patients had co-morbid
antisocial and borderline personality disorders, 3 had co-morbid
antisocial, borderline and paranoid personality disorders, 1 had
antisocial, borderline and histrionic personality disorders, and 1
had antisocial personality disorder without other co-morbid
disorders. All VSZ and APD had been free of alcohol and
substance misuse for a minimum of two years (confirmed by
regular random urine screens in secure hospitals).

The study procedures were approved by relevant local ethics
committees. All participants provided written informed consent.

2.2. Assessment of violence

The history of violence (or a lack of it) was established
using clinical and forensic records (where appropriate). It is
sometimes a matter of chance whether criminal proceedings
are pursued; the level of harm done to the victim of an assault
can also depend on a range of factors other than the nature of
the assault itself. In order to minimise these distortions,
research ratings of violence were made according to the
Gunn-Robertson scale (score range 0-8) (Gunn and Robert-
son, 1976) based on the frequency of serious violence over
lifetime (score 0-4) and the severity of the most recent
violence act (score 0-4). A cut-off of 5 was used for inclusion
in the violent groups, indicative of an index fatal or near fatal
act of violence against another and at least one other episode
of at least moderately serious violence. Any evidence of actual
violence against another person, whether or not it had led to a
criminal conviction was taken as an exclusion criterion for HC
and SZ groups.

2.3. Other assessments

In all patients with schizophrenia, symptoms were rated
using the Positive and Negative Syndrome Scale (PANSS; Kay
et al,, 1987). The PANSS is a popular semi-structured interview
consisting of a 30-item, 7-point severity scale [1 (absence of
psychopathology) to 7 (extremely severe)]. It assesses a wide
range of symptoms of schizophrenia, yielding ‘positive’,
‘negative’ and ‘general psychopathology’ symptom sub-scales.
The 5-factor model of PANSS (Lindenmayer et al., 1995)
examines ‘positive’, ‘negative’, ‘cognitive’, ‘excitement’ and
‘depression’ syndromes.
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The type and doses of current antipsychotic treatment were
recorded for all patients with schizophrenia for sample
characterization purposes. No APD patient was on any psycho-
tropic medication. For all participants, previous substance and
alcohol misuse/dependency details were obtained from clinical
and forensic records and interview with the participant.

Predicted intelligence (IQ) was assessed in all participants
using the National Adult Reading Test (NART; Nelson and
Willison, 1991). The NART requires participants to read 50
irregularly spelled words (e.g. debt, catacomb) in order of
increasing difficulty. These words do not follow the normal
rules of grapheme-phoneme representation and can only be
correctly pronounced with prior knowledge. The NART is
assumed to measure premorbid IQ (i.e. the level of intellectual
ability prior to the onset of a disorder or a brain legion) since
the word-reading ability correlates highly (0.75) with IQ in
healthy people (Nelson and McKenna, 1975) and is remark-
ably preserved in dementing patients with cognitive dete-
rioration (Nelson and O'Connell, 1978). Previous studies have
shown than the NART provides a valid estimate of premorbid
IQ in patients with schizophrenia (e.g. O'Carroll et al., 1992;
Bright et al., 2002). The NART has also been used to assess
predicted IQ in individuals with APD (Dolan and Park, 2002).

2.4. Experimental paradigm and procedure

The paradigm involved repeated presentation of a ‘safe’
(control) condition for 30 s followed by presentation of a
‘threat of shock’ (experimental) condition for 30 s The safe-
shock cycle was presented 5 times during the course of the
experiment. The chosen experimental design and stimulus
parameters were based on previous studies utilizing similar

procedures to successfully potentiate amplitude of the human
acoustic startle response indicating fear elicitation (e.g.
Grillon et al., 1994).

Before going into the scanner, a mild electric shock was
delivered to participants transcutaneously over the left
median nerve by a stimulating bar electrode. The electrode
leads were attached by a velcro strap positioned near their
wrist and attached to a Digitimer DS7A stimulator which was
used to deliver the electric shock. Participants were told that
while lying in the scanner, they would see ‘shock’ and ‘safe’
conditions, displayed on the screen and that they may be
delivered one or more shocks of similar or stronger intensity
than the one received outside during one/more of the shock
conditions, but no shocks would be delivered during the safe
conditions. In reality, participants did not receive any shock
while in the scanner. The experimental design was kept
simple, given the involvement of difficult clinical groups.

After the scanning, all participants were debriefed and
ratings were taken using 100-mm visual analogue scales on
the level of fear (from safe-to-most fearful) experienced
while inside the scanner during the safe and threat periods
and the level of belief/anticipation (not at all anticipated-to-
most anticipated) that shocks would be delivered when
indicated by the word ‘shock’ on the screen.

2.5. Image acquisition

Echoplanar MR brain images were acquired using a 1.5 T GE
Signa system (General Electric, Milwaukee WI, USA). In each of
16 near-axial non-contiguous planes parallel to the inter-
commissural (AC-PC) plane, 100 T2*-weighted MR images
depicting blood-oxygenation-level-dependent (BOLD) contrast

Table 1
Demographic, clinical and behavioural characteristics of participant groups.
Demographic/clinical measures HC Mean (SD) SZ Mean (SD) VSZ Mean (SD) APD Mean (SD) F group df D
Age 33.14 (6.6) 3431 (7.3) 34.46 (4.94) 32.85 (10.57) 0.15 3,49 0.929
Premorbid 1Q* 107.36 (16.54) 98.85 (14.43) 96.38 (13.93) 96.85 (9.91) 1.83 3,49 0.154
Violence variables
Violence score” 0.54 (0.88) 1.38 (1.32) 6.15 (1.46) 6.77 (1.16) 88.6 3,49 <0.001
Index offence 5 homicide 5 homicide

2 attempted 3 attempted

murder murder

4 wounding 3 wounding

2 interpersonal 2 interpersonal

violence violence
Schizophrenia variables
Age of onset (years) 22.92 (5.34) 22.31 (6.70) 0.06 1,24 0.77
Duration of illness (years) 11.31 (7.86) 1215 (7.32) 0.08 1,24 0.77
Positive symptoms® 12.38 (4.09) 11.00 (5.57) 0.52 1,24 0.48
Negative symptoms® 20.23 (5.68) 18.15 (5.67) 0.87 1,24 0.36
General psychopathology® 33.69 (5.56) 25.36 (6.02) 12.40 1,24 0.002
Chlorpromazine equivalents 567.00 (323.52) 426.67 (227.61) 142 1,20 0.247

(mg/day) (9 atypical and (9 atypical and
4 typical 4 typical
antipsychotics) antipsychotics)
Behavioural measures (0-100 mm)
Fear Safe 20.53(26.57) 19.38(22.89) 23.69(32.77) 12.77(20.53) 1.537 3,49 0.217
Shock 48.57(36.28) 51.85(32.69) 66.61(28.42) 38.23(27.27)

Shock Anticipation 71.42(24.01) 77(17.46) 86.92(8.85) 54.31(30.04) 5.19 3,49 0.003

Assessed with the National Adult Reading Test; "Gunn and Robertson Scale; “Positive and Negative Syndrome Scale.
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Peaks and sub-peaks of regions showing significant increases and decreases during the threat of shock conditions, relative to the safe condition, and from Shock-I to
Shock-II conditions, across all participants (n=>53, height threshold p =0.001).

Brain region Brodmann area MNI coordinates Voxel T value Cluster size Cluster p corrected for
multiple comparisons
2a. Activations
Shock-I>Safe X Y V4 Voxels
Insula n/a 38 24 —8 11.22 2610 <0.001
Inferior frontal gyrus 47 50 18 —8 10.04
44 50 18 26 4.52
Anterior cingulate 24/32 2 28 38 7.75 1503 <0.001
Inferior frontal gyrus 6 6 16 60 7.20
8 2 30 48 5.95
Insula n/a —40 20 -2 734 1343 <0.001
Orbitofrontal gyrus 1 —46 24 —18 414
Inferior parietal cortex 40 —60 —50 38 7.24 504 0.003
40 —60 —32 28 4.69
Middle frontal gyrus 10 40 50 20 6.23 768 <0.001
10 40 58 4 5.03
9 32 42 34 4.94
Thalamus n/a 12 =2 6 5.97 1174 <0.001
n/a —-10 —4 6 5.83
n/a 4 —12 14 4.74
Inferior parietal cortex 40 62 —32 26 5.56 1183 <0.001
40 58 —44 34 547
40 58 —52 44 429
Lingual gyrus 18 20 —82 —8 5.19 497 0.004
Cerebellum n/a 28 —72 —26 5.17
Occipital gyrus 18 18 —100 -2 4.57
Cerebellum n/a —30 —76 —26 4.58 290 0.034
n/a —16 —82 —26 415
Shock-II>Safe
Insula n/a 46 22 -8 8.13 2122 <0.001
Inferior frontal gyrus 44 54 16 14 4.75
44 58 20 26 4.69
Medial frontal gyrus 6 2 24 58 6.74 1311 <0.001
8 0 40 50 5.08
Anterior cingulate 32 2 34 40 5.06
Inferior parietal cortex 40 56 =52 46 5.84 2266 <0.001
40 58 —36 24 5.64
40 62 —54 36 5.42
40 —58 —50 38 5.63 501 0.004
40 —62 —56 24 441
Superior temporal gyrus 22 —62 —54 14 3.99
Middle temporal gyrus 21 —60 —26 —6 4.72 321 0.028
21 —66 —38 —6 3.98
21 —64 —52 —6 3.80
Insula n/a —40 22 —6 4.52 288 0.041
Inferior frontal gyrus 45 —50 20 4 3.84
2b. Deactivations
Safe>Shock-1
Precentral gyrus 4 —44 —24 66 9.04 11,229 <0.001
4 —38 —-30 56 8.06
6 -8 —38 64 7.80
Parahippocampal gyrus 35/36 —24 —42 —16 739 2940 <0.001
Posterior cingulate 30/23 12 —56 20 6.07
Parahippocampal gyrus 28/35/36 30 —36 —22 6.07
Inferior temporal gyrus 37 46 —68 0 6.80 1661 <0.001
Middle temporal gyrus 39 48 —68 24 512
Occipital gyrus 19 38 —84 26 4,98
Superior parietal cortex 7 32 —54 62 5.10 309 0.027
7 26 —68 60 3.58
7 26 —54 46 3.47
Safe>Shock-II
Parahippocampal gyrus 30 —14 —44 4 730 689 0.001
Lingual gyrus 19 —24 —54 —2 3.69
19/18 10 —68 0 5.75 1510 <0.001
Posterior cingulate 30/23 14 —50 8 5.32
Parahippocampal gyrus 30 18 —36 4 4.61
Medial frontal gyrus 10 —6 46 —2 5.47 547 0.003
10 4 48 —6 4.77
10 14 40 -2 4,05
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Brain region Brodmann area MNI coordinates Voxel T value Cluster size Cluster p corrected for
multiple comparisons
Safe>Shock-II
Precentral gyrus 4 —44 —26 66 5.36 325 0.027
4 —36 —36 70 418
Precuneus 7 16 —78 54 5.26 447 0.008
7 20 —74 38 411
Precentral gyrus 4 —58 —18 48 4.88 371 0.016
4 —52 —14 30 4.56
6 —40 —-10 16 4.01
Precuneus 7 —8 —52 68 4.20 291 0.039
7 —14 —72 48 3.76
7 -8 —62 56 3.60
2c. Activation changes between Shock-1 and Shock-II
Shock-I >Shock-1II
Insula n/a 44 26 -2 5.72 530 0.002
n/a 52 16 —6 4.68
n/a —52 12 -2 5.23 534 0.002
n/a —42 18 -2 4.51
Thalamus n/a —4 —20 22 5.03 286 0.027
Anterior cingulate 32 4 22 36 414 277 0.030
32 4 32 30 4.04
Shock-I<Shock-II
Medial frontal gyrus 6 —6 —30 64 8.61 5951 <0.001
6 4 -30 64 6.97
Precentral gyrus 4 —42 =27 60 6.44
Middle temporal gyrus 21/37 50 —68 4 6.98 1463 <0.001
39 50 —68 28 6.09
Superior occipital gyrus 19 32 —76 34 4.00
Posterior cingulate 31 10 —54 26 5.75 554 0.001
31 -2 —62 28 4.86
31 -2 —48 38 331
Middle occipital gyrus 19 —42 —80 12 5.70 1655 <0.001
19 —28 —80 34 5.52
Middle-superior temporal gyrus 39 —48 —62 28 447

MNI: Montreal Neurological Institute.

(Ogawa et al., 1990) were acquired over the entire experiment
with echo time (TE) =40 ms, repetition time (TR)=3 s, in-
plane resolution = 3.1 mm, slice thickness = 7.0 mm, interslice
gap = 0.7 mm. In the same session, a high-resolution inversion
recovery echoplanar image (TE =74 ms, TI= 180 ms,TR=16s)
with anin-plane resolution of 1.5 mm and 3-mm slice thickness,
0.3 mm slice gap, was also acquired.

2.6. Statistical analysis

2.6.1. Sample characteristics and behavioural measures

Group differences in demographic and clinical variables
were examined using one-way analysis of variance (ANOVA).
Self-ratings of fear were analysed by a 4 (Group) x 2 (Condi-
tion: shock, safe) ANOVA with Group as the between-subjects
factor and Condition as the within-subjects factor, followed by
post-hoc mean comparisons (LSD method). Shock anticipa-
tion ratings were examined by a one-way (Group) ANOVA
followed by post-hoc comparisons (LSD). All analysis were
conducted using SPSS v15 with level of significance main-
tained at p =0.05 unless indicated otherwise.

2.6.2. fMRI

For each participant, the 100 volume functional time series
was motion corrected, transformed into stereotactic space,
spatially smoothed with a 8 mm FWHM Gaussian filter and

band pass filtered using statistical parametric mapping
software (SPM2; http://www.fil.ion.ucl.ac.uk/spm).

Data were analysed using a two-stage random effect
procedure. For the purpose of fMRI data analysis, the shock
(experimental) condition within each of the five 30-s blocks
was divided into two parts (shock-I: first 9 s, shock-II: last 21 s)
mainly because we considered the possibility of amygdala
activation and the observation that amygdala activity may
habituate very quickly after the initial processing of the
aversive warning stimulus (Buchel et al., 1998). Subject-
specific activations were identified with a model consisting of
two experimental conditions (shock-I, shock-1I) and the safe
condition as an implicit baseline. The boxcar for each epoch
was convolved with the haemodynamic response function.
The generic activations across all participants for shock-I and
shock-II relative to safe condition, and relative to each other,
were identified using one-sample t-tests performed on
relevant contrast images (height threshold p =0.001; cor-
rected for multiple comparisons at the cluster level p<0.05).

We performed ANOVAs within SPM on shock-I and shock-
Il versus safe images, and shock-I versus shock-II images, with
Group as the between-subjects factor to identify regions
(height threshold p =0.01, corrected for multiple compar-
isons at the cluster level p<0.05) differentiating two or more
groups using planned contrasts [violent groups (VSZ, APD)
against the non-violent groups (SZ, HC); each of the clinical
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Fig. 1. Activation changes (height threshold p = 0.001; all displayed clusters p<0.05 corrected) between shock-I (1a) and shock-II (1b) relative to the safe condition, and
shock-I and shock-1II (1c) (height threshold p=0.01; all displayed clusters p<0.05 corrected) in sagittal and axial views with associated MNI co-ordinates (x, y, z).
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Table 3

Peaks and sub-peaks of regions showing significant group differences in activity modulation from safe/shock-I to shock-II (height threshold p=0.01).

Brain region Brodmann area MNI coordinates Voxel T value Cluster size (voxels) Cluster p corrected for
X v 7 multiple comparisons
Shock-II>Safe
VSZ>HC
Fusiform/inferior temporal gyrus 37 42 —52 —16 411 1168 0.031
Parahippocampal gyrus 28 28 —44 —6 3.84
Fusiform gyrus 19/37 30 —58 =12 3.51
Shock-II>Shock-1
Violent>Non-violent groups
Middle occipital gyrus 18/19 26 —74 18 439 3635 <0.001
18 —20 —78 20 413
Posterior cingulate 31 —20 —70 6 3.93
VSZ>HC
Lingual/posterior cingulate gyrus 18/31 24 —66 2 4.49 4527 <0.001
Parahippocampal gyrus 28 28 —58 -2 4.39
Middle occipital gyrus 18/19 26 —74 20 4.27
VSZ>SZ
Medial prefrontal/cingulate gyrus 1 20 32 —14 4.38 2176 <0.001
24/25 -6 24 =7) 4.26
32 —16 26 -8 426
Middle temporal gyrus 39 42 —60 16 4.27 4008 <0.001
21 50 —-12 -2 3.92
Posterior cingulate/cuneus 19 26 —74 14 4.01
Middle temporal gyrus 20 —44 —34 —14 3.92 1155 0.016
21 —36 —26 —6 3.57
Middle occipital gyrus 18 —28 —84 10 4.54 1256 0.01
19 —32 —76 24 4.02
18 —20 —66 6 3.93
VSZ>APD
Thalamus n/a 16 —10 8 5.41 3492 <0.001
Caudate nucleus n/a 12 20 0 490

MNI: Montreal Neurological Institute.

groups vs HC, each of the clinical group against each other].
Next we extracted subject-specific activation values (SSVs)
from the peak activation voxel for each of the regions
differentiating two/more groups and examined them for
their possible relationships with fear and shock anticipation
ratings using Pearson's correlations, and with violence ratings
using Spearman rank order correlations. Group differences in
the regions (peak voxel) differentiating SZ and VSZ groups
were re-evaluated using analysis of co-variance after co-
varying general psychopathology scores.

3. Results
3.1. Demographic and clinical measures

Table 1 presents demographic, clinical (including medica-
tion and symptoms if relevant) and behavioural character-
istics of study groups. The ANOVA results for Group effect are
also presented in Table 1.

The four study groups were matched in terms of current
age and predicted intelligence and differed only in their
defining characteristics. The VSZ and SZ groups were
comparable on positive and negative symptoms but, unex-
pectedly, VSZ patients had lower general psychopathology
ratings than SZ patients. We probed this effect further at
individual PANSS item level and found that VSZ patients had
lower ratings on general psychopathology items measuring
depression, somatic concerns, anxiety, tension, preoccupation

and active social avoidance than SZ patients (all p values
<0.05; data not shown). We also examined the difference
between the VSZ and SZ groups using the 5-factors PANSS
(Lindenmayer et al., 1995). We found that the two groups had
comparable ratings on positive, cognitive and excitement
components but the SZ group had higher ratings on
depression [F=9.17, df=1,24, p=0.005; SZ mean (SD)=
10.15 (2.99), VSZ mean (SD) =6.77 (2.52)] and negative symp-
toms components [F=5.19, df=1,24, p=0.032 SZ mean
(SD) =18.54 (5.22), VSZ mean (SD) = 14.08 (4.75)].

As recorded during interviews and noted in case files, 2 SZ
patients had a previous history of using cannabis and 1 of
using cannabis and lysergic acid diethylamide (last use more
than 10 years prior to study participation). Of 13 APD patients,
2 had a history of alcohol dependence, 1 of alcohol and
cannabis dependence, 2 of alcohol dependence and polysub-
stance misuse, and 5 of alcohol as well as polysubstance
misuse. Of 13 VSZ patients, 2 had a history of alcohol
dependence, 1 of solvent misuse, 2 of cannabis dependence,
1 of alcohol as well as polysubstance misuse (cannabis,
ecstacy, lysergic acid diethylamide, amphetamine), and 1 had
a history of alcohol dependence and polysubstance misuse.

3.2. Behavioural measures
All groups were more fearful during the shock than the

safe conditions (Condition: F=47.35, df=1,49, p<0.001)
(see Table 1). Although Group and Group x Condition effects
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were non-significant (ps>0.10), APD patients were generally
the least, and VSZ patients generally the most, fearful of all
groups, with a significant difference between these two
groups over the safe and shock conditions (p=0.037). For
shock anticipation, there was a main effect of Group (see
Table 1). APD patients had lower shock anticipation than HC
(p=0.045), SZ (p=0.01) and VSZ patients (p<0.007). VSZ
patients reported the highest shock anticipation and differed,
in addition to APD, from HC at a trend level (p =0.069).

3.3. fMRI
3.3.1. Activation changes across all participants

3.3.1.1. Shock versus Safe. The insula, inferior frontal gyrus, AC
and the inferior parietal cortex were activated during both
shock-I and shock-II, relative to the safe condition (Table 2a,
Fig. 1a). Additionally, there was activation in the thalamus and
the striatum during shock-1, and in the left middle temporal lobe
during shock-II, relative to the safe condition. There was reduced
activity (deactivation) in the precentral, middle temporal,
parahippocampal (extending to hippocampus) and posterior
cingulate gyri during shock-I, and in the parahippocampal,

medial frontal and precentral gyri, and precuneus during shock-
II, both relative to the safe condition (Table 2b, Fig. 1b).

3.3.1.2. Shock-I versus shock-II.  Activity declined significantly
from shock-I to shock-1I in the insula, AC, and thalamus
(Table 2b, Fig. 1b). Activity increased (shock-II>shock-I) in
the middle temporal, precentral and posterior cingulate gyri
during shock-II relative to shock-I; these differences reflected
a stronger deactivation of these regions during shock-I (than
shock-II) rather than a stronger activation of these regions in
shock-II (than shock-I) (Fig. 1a-c).

3.3.2. Group differences

3.3.2.1. Shock versus safe.  All group differences presented in
this section (also in Table 3 and Fig. 2) are derived from shock-
I/ shock-lII>safe contrasts (opposite patterns of group
differences emerge for safe>shock-1/shock-II contrasts).

The ANOVA on shock-I>safe images revealed no group
differences. The ANOVA on shock-1I>safe images showed
higher activity in the right inferior temporal, parahippocamal
and fusiform gyri in VSZ patients compared with HC (Table 3,
Fig. 2). These areas were part of the deactivation map for
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shock-I (Fig. 1b) and were further deactivated to a variable
degree during shock-II in all, but VSZ, groups. There was a
positive association between fMRI response (SSVs at 42, — 52,
—16) and shock anticipation (entire sample: r=—0.425,
p=0.002; VSZ alone: r= —0.743, p=0.004). No other group
comparison revealed areas of significantly different activity.

3.3.2.2. Shock-I versus shock-Il.  Several group differences
emerged in activity modulation from shock-I to shock-II. For
clarity, all results as presented below (also in Table 3 and
Fig. 2) are derived from shock-I[>shock-I contrasts (opposite
patterns emerge for shock-I>shock-II).

3.3.2.2.1. Violent versus non-violent groups. The violent
groups (VSZ, APD), compared with the non-violent groups
(SZ, HC), showed higher activity in the right middle occipital
gyrus extending to the posterior cingulate and middle
temporal gyri (Table 3, Fig. 2). These areas had shown deac-
tivation during shock-I across all participants (Fig. 1b). Probing
into this interaction revealed that these areas were further
deactivated during shock-II in non-violent groups but returned
to baseline (APD) or were somewhat activated (VSZ) in violent
groups. There was no association between fMRI response (at 26,
—74,18) and fear or shock anticipation ratings, but it correlated
positively with violence ratings (rho =0.410, p=0.002).

3.3.2.2.2. Individual group comparisons. VSZ patients,
compared with HC, showed greater activity in a large right-
sided cluster including parts of the posterior cingulate,
parahippocampal, lingual and middle occipital gyri (Table 3,
Fig. 2). These areas were deactivated during shock-I across all
participants (Fig. 1b). The observed effect indicates that these
were further deactivated during shock-II in HC but not in VSZ
patients (Fig. 2).

VSZ, relative to SZ, patients showed greater activity in the
left medial frontal/cingulate gyrus and bilaterally in the
temporal-occipital regions. The differences resulted from
deactivation of these areas during shock-1I in SZ, but not in
VSZ, patients. The differences in the left medial frontal cortex
[ANOVA F=17.86, df=1,24, p<0.001; ANCOVA with general
psychopathology score as a covariate, F=14.60, df=1,23, p=
0.001), right temporal-occipital (F=19.09, p<0.001; ANCOVA
F=28.51, p=0.008] and the left temporal regions ([F=29.10,
p<0.001; ANCOVA F=20.25, p<0.001) remained significant
after co-varying for general psychopathology scores. These
areas had emerged as deactivations across all participants
(Fig. 1b). The left medial frontal response was positively
associated with shock anticipation across the whole sample
(rho=0.303, p=0.03) and the left and right temporal-
occipital responses with shock anticipation only in the VSZ
group (r=0.752, p=0.003).

VSZ, relative to APD, patients showed higher activity in the
right thalamus extending bilaterally to caudate nucleus
(Table 3, Fig. 2). These areas were activated during shock-I,
and more so than during shock-II, across all participants
(Table 2a, Fig. 1b).

The observed effect indicated that thalamic-striatal activ-
ity increased in VSZ, but declined in APD, patients from shock-
I to shock-II. SSVs in the thalamus were positively associated
with fear (r=0.301, p=0.028) and shock anticipation ratings
(r=0.308, p=0.025) across the entire sample.

Other group comparisons did not reveal areas of sig-
nificantly different activity.

4. Discussion

To our knowledge this is the first study to examine the
neural and behavioural responses to anticipatory fear in
patients with schizophrenia, both with and without a history
of seriously violent behaviour. In addition, we studied groups
of non-violent HC and violent APD patients in order to
elucidate behavioural and neural abnormalities associated
specifically with a history of violence in schizophrenia.

4.1. Behavioural and clinical findings

Self-report data confirmed the effectiveness of our
experimental manipulation in inducing anticipatory fear.
Also confirming our expectations, our manipulation was the
least effective in violent APD patients as they showed the
lowest level of shock anticipation and fear. VSZ patients, on
the other hand, showed the highest level of shock anticipation
and fear of all groups. It is plausible that VSZ patients had
higher positive symptoms at the time of offending, though
not at the time of study participation, and a combination of
positive symptomatic state, impaired frontal lobe function
(Kumari et al., 2006), and heightened expectation of a
negative outcome and fear when exposed to potential threat
contributes to occurrence of repetitive and seriously violent
behaviour in schizophrenia patients who do not have
significant APD.

Another finding deserving some comment concerns
unexpected lower general psychopathology scores, especially
on depression, somatic concerns, anxiety, tension, preoccupa-
tion and active social avoidance items, in VSZ, relative to SZ,
patients. As suggested earlier (Kumari et al., 2006), this
finding may reflect the fact that VSZ patients had been living
in secure hospitals whereas SZ patents were living in
community and had to cope with social pressures and stigma
associated with schizophrenia (Marie and Miles, 2008).
Interestingly, a recent study has found a significantly lower
incidence of criminal behaviour in schizophrenia patients
with a depressive syndrome (Soyka et al., 2007), thus raising
the possibility that the symptom profile of our non-violent
schizophrenia group may reflect trait-like characteristics of
patients who are less likely than normal for people with
schizophrenia living in the community to engage in violent
behaviour. The neural differences observed between SZ and
VSZ patients, however, were not fully explained by differences
in general symptom dimensions.

4.2. Activations/deactivations across all participants

The AC, medial/inferior frontal regions, insula, striatum
and temporal regions were activated during anticipatory fear.
These observations are consistent with previous relevant
literature (e.g. Chua et al., 1999). The cingulate cortex and the
insula serve to integrate the internal and external information
(Mesulam and Mufson, 1982) and are found to be activated
during emotional recall/imagery (review, Phan et al., 2002).
The neural representation of fear is thought to be located
within the AC/medial prefrontal cortex (review, Sewards and
Sewards, 2003). The insula has established connections with
the frontal, parietal and temporal lobes, cingulate gyrus, basal
nuclei, amygdala and thalamus and serves (especially of the
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anterior part) an important functional role in evaluating
potentially distressing cognitive and sensory information
(Reiman et al., 1989). Although basal ganglia structures have
traditionally been linked to motor control and encoding of
reward value, recent data implicate them in responses to
stress and aversive stimuli (Schenberg et al., 2006; Scott et al.,
2006). As discussed previously (Kumari et al., 2007),
significant amygdala activity may not be observed, even
during shock-1, with our experimental paradigm.

A number of regions were deactivated during shock-I and
shock-II. Of these, activations of the medial frontal gyrus,
parahippocampal gyrus/hippocampus, PC, precuneus and
occipital regions are commonly seen during ‘resting’ states
and viewed as the ‘default’ mode of brain function (Raichle
and Snyder, 2007). The deactivation of the pre-/post central
gyrus during shock-I may be associated with a sensory
withdrawal/freezing in anticipation of an eminent electric
shock after seeing the visual cue.

4.3. Neural effects associated with violence

The significant correlate of violence across the VSZ and
APD groups consisted of altered activity modulation from
shock-1 to shock-II in occipital-temporal regions within the
deactivation (default mode) network. The underlying
mechanism for this effect, however, is very likely to be
different in the VSZ and APD groups given observed
differences (a) between these two groups in the levels of
shock anticipation and fear, and (b) in activation patterns of
VSZ and other study groups, particularly the APD group.

Specifically, VSZ patients showed some activation of the
fusiform and parahippocamal gyri during shock-II (relative to
safe) whereas HC (and other groups to some extent) showed
deactivation. This effect strongly correlated with shock
anticipation in VSZ patients and perhaps reflected their
focus on the word ‘shock’ and the possibility of receiving
shocks during the latter part of shock periods (Kuriki et al.,
1998; Kiehl et al., 1999). Furthermore, the VSZ group showed
increased whereas the APD group showed decreased thala-
mic-striatal activity during shock-II, relative to shock-I,
periods. One possible explanation of this effect concerns the
role of thalamus in arousal/attention (Van der Werf et al,,
2002; Li and Kirouac, 2008) and the role of striatum in
aversive conditioning (Menon et al., 2007). This in turn
implies that VSZ patients, in association with a stronger
conditioning, may have become more aroused by threat cues
over a sustained period. Importantly, high arousal has been
proposed to impede higher-level cognitive processing of
attributions and therefore increase the likelihood of reactive
(impulsive) kind of violence (Scarpa and Raine, 1997). In
addition to the roles of thalamus and striatum in arousal/
attention and aversive conditioning, these regions are also
activated during voluntary or involuntary inhibition (Kumari
et al.,, 2003; Ray Li et al., 2008). Enhanced thalamic-striatal
activation in VSZ patients, thus, may also reflect an attempt
(with or without success) on their part to inhibit an even
greater belief/anticipation of receiving shocks during the
latter part of shock periods (because none was received during
shock-1). Activation, rather than deactivation, of default
network indicates that they perhaps evoked self- (rather
than situation-) focussed coping strategies as the threat

condition progressed. APD patients who, on the other hand,
feared and anticipated least the shocks, may have become
even less attentive to the shock cues as the threat condition
progressed, resulting in reduced thalamic-striatal activity and
return to baseline activity in the default mode network.

Of the regions that showed altered activation patterns in
the violent groups, temporal lobe regions have strongly been
implicated in violent and antisocial behaviour (Dolan, 2002;
Herba et al., 2004; Kumari and Taylor, in press). Abnormalities
in the thalamus have been demonstrated in murderers (Raine
et al,, 1998), and in the basal ganglia in relation to aggressive
behaviour in schizophrenia (Hoptman et al., 2006). How
exactly these dysfunctions produce less/more favourable
outcome in different violent scenarios in schizophrenia
patients remains to be established. Our findings suggest
their roles in enhanced neural and behavioural responses to
perceived threat, if sustained over a period, in schizophrenia
patients with a propensity to seriously violent behaviour.

4.4. Limitations

This study included patients with schizophrenia with
various subtypes, symptoms and antipsychotic medications
and patients with APD with other co-morbid personality
disorders. Previous alcohol and substance misuse was present
in some degree in all clinical groups but it was more common in
the two violent groups. This is not surprising given a high level
of substance abuse in both schizophrenia (Negrete, 2003) and
APD (Lewis et al., 1893; Regier et al., 1990; Hatzitaskos et al.,
1999) and that these populations are more likely to engage in
violence in association with substance abuse (Miles et al.,
2003). However, temporal lobe abnormalities are found in
young subjects with early conduct disorder in absence of any
substance misuse (Kruesi et al., 2004), thus our findings may
not necessarily be affected by this possible confound.

5. Conclusions

This study demonstrated stronger aversive conditioning in
men with schizophrenia and a history of violence than in men
with APD and a similar violence history, with intermediate
range for non-violent individuals (SZ men without a history of
violence, healthy men), and aberrant activity modulation when
exposed to threat cues over a sustained period in regions within
the default node network in violent (VSZ, APD) compared to
non-violent (SZ, HC) individuals, and opposite patterns of
alternations in thalamic-striatal activity in VSZ (enhanced) and
APD individuals (reduced). The common abnormality in the
default mode regions in VSZ and APD most likely arises from
dissimilar behavioural mechanisms, related to differences in
the strength of aversive conditioning and processing of
sustained threat cues, underscoring the need for differential
strategies to manage violent behaviour in these two disorders.
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