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Individuals with psychotic disorders have an increased risk 
of committing acts of violence. Neurobiological support for 
the extent to which violence in psychosis is driven by psy-
chotic symptoms and/or antisocial traits could have clinical 
and legal implications. Neuroimaging studies have reported 
white matter (WM) abnormalities in individuals with psy-
chosis and in those with antisocial traits. However, it is un-
known whether WM abnormalities in psychosis patients 
with a history of violence (violent-PSY) resemble those 
found in nonviolent psychosis patients (nonviolent PSY), vi-
olent nonpsychotic individuals (violent non-PSY), or both. 
Diffusion tensor imaging scans from 301 males including 
violent-PSY (n = 28), violent non-PSY (n = 20), nonvio-
lent PSY (n = 58), and healthy controls (HC, n = 195) were 
analyzed with tract-based spatial statistics. Fractional 
anisotropy (FA), mean, axial and radial (RD) diffusivity 
were compared between groups. Psychopathic traits in the 
violent groups were measured with Psychopathy Checklist-
revisited (PCL-R). Violent-PSY had globally lower FA 
and higher RD, compared with nonviolent PSY. Both psy-
chosis groups and violent non-PSY group had widespread 
disruptions in WM compared with HC. There were no sig-
nificant WM differences between violent-PSY and violent 
non-PSY. PCL-R scores did not differ between the vio-
lence groups and were associated with higher RD in corpus 
callosum. Here we demonstrate a widespread pattern 

of reduced WM integrity in violent-PSY compared with 
nonviolent PSY. The lack of significant WM and PCL-R 
differences between the violence groups, together with the 
positive association between PCL-R and WM deficits in 
violent-PSY and violent non-PSY may indicate shared neu-
robiological underpinnings of trait violence.

Key words:   aggression/antisocial behavior/schizophrenia/ 
forensic psychiatry

Introduction

Epidemiological studies have shown that individuals with 
psychotic disorders are at a higher risk of  committing 
violent acts compared with the general population.1–3 
In forensic mental health populations, a significant co-
morbidity has been found between psychosis and anti-
social personality disorder (ASPD) as well as between 
psychosis and psychopathy.4–6 ASPD and psychopathy 
are overlapping though not interchangeable constructs, 
where ASPD is characterized by antisocial behavior, 
while psychopathy is dominated by interpersonal-
affective traits.7 Comorbid presentation of  psychosis 
and ASPD may double the risk for violence (odds ratio 
at 2.1),8 and one in five homicide offenders with psy-
chosis fulfils criteria for psychopathy.6 The management 

D
ow

nloaded from
 https://academ

ic.oup.com
/schizbullopen/article/2/1/sgab026/6311851 by U

niversity of O
slo Library. Library of M

edicine and H
ealth Sciences user on 23 N

ovem
ber 2021

https://doi.org/10.1093/schizbullopen/sgab026
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://orcid.org/0000-0001-8644-956X
mailto:natalia.tesli@medisin.uio.no?subject=


Page 2 of 10

N. Tesli et al

of violent behavior in psychosis as well as person-
ality disorders (ASPD and/or psychopathy) incurs tre-
mendous costs for forensic mental health services.9 
Furthermore, while violence is a multifaceted phenom-
enon with several known environmental stressors and 
developmental risk factors,10–12 little is known about pu-
tative shared and distinct structural brain abnormalities 
in psychotic and nonpsychotic violence. Thus, probing 
neurobiological underpinnings of  trait violence in fo-
rensic populations could inform future risk evaluations 
and aid development of  therapeutic targets in high-cost 
mental health services.

Violent offenders with psychosis (violent-PSY) 
may constitute a subgroup of psychotic disorders 
characterized by distinctive profiles of neuroanatomical 
abnormalities,13,14 yet structural and functional brain im-
aging studies of violence in psychosis show mixed results.15 
Diffusion weighted MRI has proved to be a promising 
tool for investigating structural connectivity as well as 
microstructural properties of the brain. Nonetheless, 
few studies have explored associations between struc-
tural integrity of white matter (WM) and violence/ag-
gression in psychosis. Among psychosis patients, higher 
levels of aggressive attitudes16 and impulsivity17 have 
been associated with lower WM integrity in the frontal 
regions. However, a recent study from our group showed 
no significant differences on any diffusion tensor imaging 
(DTI) metric between violent and nonviolent PSY.18 In 
ASPD/psychopathy, the majority of DTI-studies have 
been limited to the uncinate fasciculus19–21—a WM tract 
connecting ventral frontal cortex with the temporal lobe22 
and which has previously been linked to a range of cogni-
tive and psychopathological traits in normally developing 
children and adolescents, including features of psychosis 
and conduct disorder (i.e. the precursor to ASPD).23 Two 
recent systematic reviews of antisocial24 and psycho-
pathic traits25 in adults have demonstrated widespread 
WM microstructural tract impairments not only in the 
uncinate fasciculus, but also across major association, 
thalamic, projection and commissural pathways.

WM abnormalities in violent-PSY and ASPD/psy-
chopathy have not been concurrently investigated with 
DTI. However, studies using other MRI modalities have 
shown shared whole brain volume reductions,26 volu-
metric deficits in hippocampal and parahippocampal 
regions,27 lower volumes in anterior cingulate cortex28 
as well as thinner medial frontal cortex29 with an ex-
ception of one study which did not find any shared 
structural abnormalities.30 Based on the results from pre-
vious DTI studies, hypothetical shared neurobiological 
underpinnings for violence in antisocial and psychotic 
individuals may arise from disrupted connections be-
tween brain regions implicated in a plethora of cogni-
tive and affective functions including impulse control, 
emotion and reward processing.31–33 Thus, a thorough 
investigation of whole-brain structural connectivity in 

psychotic and nonpsychotic violence is needed to identify 
shared and/or distinct disruptions in WM circuitry.

The current study aimed at identifying neuroimaging 
correlates of psychotic and nonpsychotic violence using 
DTI and tract-based spatial statistics (TBSS)34 with mul-
tiple diffusion tensor measures. Firstly, we explored WM 
microstructural differences between the four groups 
(violent-PSY, nonviolent-PSY, violent non-PSY and 
healthy controls (HC)). Secondly, we studied possible 
associations between psychopathy traits in violent-PSY 
and violent non-PSY and WM integrity. We hypothesized 
that (1) both psychosis groups would have widespread 
WM disruptions compared with HC and (2) that we 
would find more widespread disruptions in violent-PSY 
than nonviolent PSY. Due to the clinical overlap between 
violent-PSY and violent non-PSY we hypothesized (3) 
that these groups would show similar pattern of WM 
microstructural abnormalities, with more pronounced 
abnormalities in violent-PSY. Finally, we hypothesized 
that psychopathic traits would show negative associations 
with DTI-based proxies for WM integrity.

Methods

Sample

The sample (n = 301) consisted of four groups of male 
participants. The inclusion was restricted to male gender 
due to low number of females in the violent-PSY and vi-
olent non-PSY group. All diagnoses were based on the 
Diagnostic and Statistical Manual of Mental Disorders 
(DSM-IV).

The violent offenders with psychosis (violent-PSY, 
n  =  28) group consisted of  patients primarily with 
DSM-IV diagnoses in the schizophrenia spectrum 
(n = 27) or psychosis NOS (n = 1), recruited from high-
security forensic psychiatric wards in the Oslo region, 
Norway. Inclusion criteria for this group were murder, 
attempted murder as well as severe physical assaults 
towards other people according to the MacArthur 
criteria.35 The subjects from the nonviolent psychosis 
(nonviolent PSY, n  =  58) group were recruited from 
major psychiatric hospitals and their outpatient clinics 
in Oslo, Norway, and had matching DSM-IV diagnoses 
in the schizophrenia spectrum (n  =  57) or psychosis 
NOS (n  =  1). The group of  violent offenders without 
psychosis (non-PSY violent, n  =  20) consisted of 
incarcerated persons serving a preventive detention sen-
tence (Oslo region, Norway) due to perpetration of  a vi-
olent crime (complying with the MacArthur criteria35). 
Preventive detention is a sanction imposed in cases of 
particularly severe crimes involving interpersonal vio-
lence. The sanction can be prolonged as long as the of-
fender is considered to constitute a risk to others, which 
in theory may involve a life-long imprisonment. As of 
2020, a total of  119 persons served a preventive deten-
tion sentence in Norway. The nonviolent nonpsychotic 
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healthy control group (HC, n  =  195) was randomly 
selected from the Norwegian national population reg-
istry (https://www.ssb.no/en) and invited to partici-
pate. All participants were drawn from the ongoing 
multicenter Thematically Organized Psychosis project at 
the University of  Oslo, Norway. Inclusion criteria for all 
four groups were age between 18 and 65 years, IQ score 
above 65, no head trauma leading to loss of  conscious-
ness and absence of  previous or current somatic illness 
that might have affected brain morphology. In total, 56 
subjects were included in our previous DTI-study in 
schizophrenia patients with a history of  violence.18

The study was approved by the Norwegian Regional 
Committee for Medical Research Ethics, the Norwegian 
Data Inspectorate and relevant correctional agencies. 
Written informed consent was obtained from all 
participants after complete description of the study.

Clinical Assessment

Trained physicians, psychiatrists and clinical psychologists 
assessed each participant, with thorough clinical examina-
tion. DSM-IV diagnoses for violent-PSY and nonviolent 
PSY were confirmed with SCID-1.36 Both PSY groups 
had their level of psychosocial functioning evaluated 
with the Global Assessment of Function (GAF) scale. 
Current psychotic symptoms were rated with the Positive 
and Negative Syndrome Scale (PANSS).37 Medication 
use was assessed and Defined Daily Dosages (DDD) of 
antipsychotic medication use were calculated in accord-
ance with the guidelines from World Health Organization 
(https://www. whocc.no/atc_ddd_index/).

The assessment of violence for violent-PSY and violent 
non-PSY was based on court files and hospital records. 
Psychopathy traits were screened with the Psychopathy 
Checklist-revisited (PCL-R).38 The PCL-R applies a 
20-item scale to measure personality traits and behaviors 
related to the construct of psychopathy in research and 
forensic settings. In our study the evaluation procedure 
was based on a thorough interview as well as review of 
the individual´s history of violent offending including 
court documentation and/or medical records.

To ensure no previous history of  violence in the non-
violent PSY group, their medical files have been thor-
oughly examined. This procedure entailed evaluation 
of  all study inclusion protocols, which are based on 
detailed information obtained from medical records in-
cluding clinical journals and structured interview with 
the patient.

HC were screened with the Primary Care Evaluation 
of Mental Disorders (Prime-MD)39 questionnaire and 
interviewed to confirm no history of psychiatric disorder.

IQ was measured in all subjects with the Norwegian 
version of the Wechsler Abbreviated Scale of Intelligence 
(WASI-II)40 by trained psychologists.

MRI Acquisition

MRI data were collected on a 3T GE 750 Discovery 
scanner using a 32-channel head coil at Oslo University 
Hospital (supplementary methods).

Diffusion Data Postprocessing and Quality Control

We applied an optimized postprocessing pipeline of 
diffusion-weighted MRI data, described in detail by 
Maximov et al41 and performed a quality control proce-
dure of diffusion data (supplementary methods).

Statistical Analyses

Clinical and Demographic Characteristics. Descriptive 
statistical analyses were performed in R (version 3.5.3). 
The analysis of variance or t-test were applied to assess 
group differences on age, psychometric measures, use of 
medication and IQ. All statistical tests were two tailed 
with statistical significance reported at the 0.05 level.
Tract-based Spatial Statistics. Voxelwise analysis of dif-
fusion metrics (fractional anisotropy (FA), mean diffu-
sivity (MD), radial diffusivity (RD), axial diffusivity 
(AD)) was performed with TBSS34 (supplementary 
methods). The obtained single-subject images for each 
metric were fed into voxelwise between-subject statistics 
performed with nonparametric permutation-based infer-
ence testing implemented in FSL’s PALM tool.42 Main 
effects of group (violent-PSY, violent non-PSY, nonvio-
lent PSY, and HC) on diffusion metrics (FA, MD, AD, 
and RD) were tested using a general linear model (GLM) 
by creating pairwise contrasts with corresponding F-tests 
and covarying for age. The effects of medication were 
tested by including DDD of current antipsychotics as a 
covariate in the linear regression model among psychosis 
groups. Associations of psychopathy traits on DTI-
metrics were analyzed with a linear regression model with 
PCL-R as a continuous variable among violent groups 
covarying for age and psychosis.

Threshold-free cluster enhancement (TFCE)43 was 
used to avoid arbitrarily defining the cluster-forming 
threshold. The voxelwise maps were thresholded at P < 
.05, correcting for multiple comparisons across modalities 
and contrasts (family-wise error [FWE]-corrected)44,45 for 
all the analyses except for the analyses with PCL-R which 
were corrected across voxels within each contrast (due to 
low number of PCL-R scores). Anatomical localizations 
of significant clusters showing between group differences 
were determined with the atlas tool provided by FSL 
(https://fsl.fmrib.ox.ac.uk/fsl/fslwiki/Atlases).

Additionally, we computed mean values for each DTI-
metric (FA, MD, AD, RD) averaged over the TBSS 
skeletons for all 301 subjects (supplementary figure S1). 
As low IQ is a risk factor for violent behaviour,46 the 
mean values of each metric for each subject were fed into 
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regression models with IQ and age as covariates to test 
whether IQ contributes significantly to the models.
Probabilistic Tractography. To further investigate the 
putative WM disruptions in connectivity patterns for 
significant pairwise differences in diffusion metrics we 
performed a probabilistic tractography analysis. First, 
we created a binary mask based on TBSS results by 
binarizing voxels at the P < .05 FWE-corrected. Next, 
the mask was fed into the probabilistic tractography 
algorithm as a seed region. Briefly, the probabilistic 
tractography was executed as a three-step process. First, 
diffusion data was used to calculate the fiber orientations 
and their uncertainty in each voxel for each subject with 
bedpostX implemented in FMRIB’s Diffusion Toolbox 
(FDT).47 Then, the seed mask prepared in MNI space 
was transformed into diffusion space for each subject 
using inverted transformation from the TBSS registra-
tion stage. Next, path probability maps were computed 
in the diffusion space with the default parameters using 
PROBTRACKX2.47,48 Finally, probabilistic tractography 
maps for all subjects were transformed back into the 
MNI space and submitted to PALM for statistical sig-
nificance testing with a GLM. The statistical maps were 
FWE-corrected at P < .05 for multiple comparisons.

Results

Clinical and Demographic Characteristics

Briefly, there was a significant main effect of group on 
age at MRI (F3,297  =  6.95, P < .001, IQ (F3,265  =  51.26, 
P < .001) and PANSS for all subscales (PANSS pos-
itive subscale F2,101  =  11.03, P < .001; PANSS negative 
subscale F2,101 = 17.92, P < .001; PANSS general subscale 
F2,101 = 15.45, P < .001, post-hoc pairwise comparisons in 
supplementary table S1). Additionally, violent-PSY had 
significantly lower GAF scores (GAF-S t69 = 2.38, P < 
.01; GAF-F t66 = 2.95, P < .004) and higher use of an-
tipsychotic medication (t50 = −2.24, P < .02) compared 
with nonviolent PSY. There were no other significant 
differences for other demographic or clinical variables 
(table 1).

White Matter Tract Differences Between Groups

There was a significant main effect of groups on all 4 
DTI-metrics (figure  1), with global group differences 
on FA, MD and RD, together with more circumscribed 
differences on AD. Pairwise comparisons (figure 2, sup-
plementary table S2) revealed widespread FA reductions 
in the violent-PSY group compared with nonviolent PSY 
(including bilateral anterior thalamic radiation (ATR), 
corticospinal tract (CST), cingulum bundle (CG), inferior 
fronto-occipital fasciculus (IFOF), inferior longitudinal 
fasciculus (ILF), superior longitudinal fasciculus (SLF), 
uncinate fasciculus (UF) as well as corpus callosum (CC), T
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forceps major and minor. The violent-PSY group also 
had higher RD in multiple WM tracts (including bilateral 
ATR, CST, CG, IFOF, ILF, SLF, UF as well as CC, for-
ceps minor and major) compared with nonviolent PSY. 
Further, violent non-PSY and violent-PSY groups had 
global reductions in FA compared with HC comprising 
all major WM tracts. Next, both PSY groups had higher 
MD and RD compared with HC. The differences in 
MD encompassing major association, commissural and 
projection tracts were more global in violent-PSY and 
more circumscribed in nonviolent PSY (including bilat-
eral ATR, IFOF, ILF and SLF). A similar pattern was 
present for RD, with higher RD in the majority of WM 
tracts for violent-PSY and higher RD focally in more 
circumscribed clusters in nonviolent PSY (including left 
SLF, bilateral CST, ATR, and IFOF). Higher RD was 
also observed in the majority of WM tracts within the 
TBSS skeleton in violent non-PSY compared with HC. 
Further, violent non-PSY had focally lower FA and AD 
compared with nonviolent PSY. There were no differences 
between violent-PSY and violent non-PSY on any DTI-
metric. There were no significant effects of antipsychotic 
medication on any DTI-metric. The additional regression 
analyses on mean values of DTI-metrics showed that 
IQ did not significantly contribute to the models (data 
not shown).

The PCL-R analyses in the violence groups (figure 3) 
showed a significant positive association between PCL-R 
and RD in one cluster encompassing the body and sple-
nium of CC.

 The probabilistic streamline tracking was seeded from 
the local maxima cluster with abnormal FA from the com-
parison between violent-PSY and nonviolent PSY and 
comprised 11 voxels located in the midbrain and included 
left superior cerebellar peduncle. The tractography results 
revealed significantly disrupted streamlines in violent-
PSY passing through the following WM tracts: the left 
ATR including the anterior limb of the internal capsule 
adjacent to the nucleus accumbens and approaching the 
ventral prefrontal cortex, left posterior limb of the in-
ternal capsule including corticospinal tract, posterior 
fibers of fornix at the level of mamillary bodies, as well as 
the left middle and inferior cerebellar peduncle (figure 4).

Discussion

The main findings in the current study were brain-wide 
WM disruptions in the violent compared with nonvio-
lent PSY group but no significant WM microstructural 
differences between the violent-PSY and violent non-
PSY group. Further, both psychosis groups and violent 
non-PSY group had widespread WM abnormalities 
compared with HC. While previous DTI studies have 
documented widely distributed case-control differences 
between patients with schizophrenia and HC,49,50 this 
is to the best of  our knowledge the first study that 
demonstrated a widespread pattern of  reduced WM in-
tegrity in violent-PSY compared with nonviolent PSY 
utilizing multiple DTI-metrics and additional probabi-
listic tractography.

Fig. 1.  Results from the TBSS analysis and permutation testing thresholded at P < .05 (FWE-corrected across modalities) using 
threshold-free cluster enhancement. Statistical maps show main effect of groups on 4 DTI-metrics. FA, fractional anisotropy; MD, mean 
diffusivity; AD, axial diffusivity; RD, radial diffusivity.
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The widespread abnormalities indicated by lower FA 
and higher RD in violent-PSY compared with nonviolent 
PSY may suggest a global breakdown in the inter-regional 

communication between higher-order cortical regions 
involved in a plethora of cognitive and emotion regu-
latory functions. Indeed, the structural disruptions in 

Fig. 2.  Results from the TBSS analysis and permutation testing thresholded at P < .05 (FWE-corrected across modalities and contrasts) 
using threshold-free cluster enhancement. Statistical maps show significantly increased (red) and decreased (blue) DTI-metrics for 
pairwise comparisons between the groups. FA, fractional anisotropy; MD, mean diffusivity; AD, axial diffusivity; RD, radial diffusivity.
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violent-PSY overlap with large-scale functional networks 
associated with saliency mapping, inhibitory control as 
well as moral decision-making which have been associ-
ated with aberrant connectivity patterns in individuals 
with antisocial behavior and/or psychopathic traits.51–54 
A  recent study reported FA reductions associated with 
callous-unemotional traits (a core affective component 
of psychopathy) in several tracts corresponding to large-
scale networks including the default mode, central ex-
ecutive and salience network.33 Additionally, aberrant 
communication between the hubs of these functional 
networks has been linked to affective and interpersonal 
symptoms of psychopathy in a large forensic sample.55 It 
should, however, be emphasized that psychosis per se is 
not sufficient for the putative neurobiological profile un-
derlying violent behavior.

The observed differences between the psychosis 
groups were not limited to FA, which is highly sensitive 
to microstructural properties although lacks specificity 
to the type of these changes (e.g. axonal diameter, fiber 
density, myelination, crossing fibers),56,57 but were also 

present for RD which has been shown to correlate with 
abnormal processes involved in de- and dysmyelination.58

When we interrogated the differences between the 
psychosis groups in more depth with probabilistic 
tractography seeded from the voxels located in the mid-
brain, we found disrupted WM tracts in the violent-PSY 
extending towards the striatal and ventral prefrontal re-
gions. Among the affected fibers were anterior (ALIC) 
and posterior (PLIC) limbs of the internal capsule. The 
ALIC separates the caudate nucleus and the putamen 
in the dorsal striatum, a brain region implicated in deci-
sion-making through the integration of emotionally and 
motivationally salient stimuli.59 FA in the caudate nucleus 
has been shown to be negatively correlated with motor 
impulsivity in schizophrenia,17 and structural disruptions 
(reduced AD) in ALIC and PLIC have previously been 
reported in offenders diagnosed with ASPD.60 Further, 
structural abnormalities within the striato-thalamo-
frontal circuitry have been associated with the antisocial/
affective component of PCL-R in male psychopathic 
offenders.32 It has been hypothesized that impairments 
in the striatum in antisocial individuals may lead to in-
ability of response termination to a stimulus that is no 
longer rewarding and reduced flexibility to use contextual 
information, which may exacerbate impulsivity and ag-
gressive behaviour.61

The PCL-R scores did not differ significantly between 
the violent-PSY and violent non-PSY, and were associ-
ated with WM microstructural abnormalities in the left 
body/splenium of CC across the violence groups. The 
CC is essential to interhemispheric communication,62 
involved in sensory-motor integration,63 and approach/
withdrawal-related behavior associated with aggression 
in forensic samples as well as in community populations.64 
We found a positive correlation between the RD in the 
CC and PCL-R scores which may indicate disruptions in 
the approach-motivation circuitry linked with antisocial 

Fig. 3.  Results from the TBSS analyses and permutation testing 
thresholded at P < .05 (FWE-corrected) using threshold-free 
cluster enhancement. Statistical maps show positive association 
between RD and PCL-R in violence groups covaried for psychosis 
and age. PCL-R, Psychopathy Checklist-revisited; RD, radial 
diffusivity.

Fig. 4.  Results from probabilistic tractography using seed voxels from the comparison between the violent-PSY and nonviolent PSY. 
Statistical maps thresholded at P < .05 (FWE-corrected) show significantly disrupted streamlines in violent-PSY (blue). For illustrative 
purposes seed mask is shown in red, thalamus in magenta, caudate nucleus in green and nucleus accumbens in yellow.
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behavior. Associations between deficits in WM integ-
rity of CC and PCL-R have been previously reported in 
individuals diagnosed with ASPD.65 These associations 
were shown for FA, while our results were confined to 
RD, possibly implying progressive axonal damage due to 
increased myelin degradation.66

The lack of significant WM microstructural and 
PCL-R differences between the violence groups, together 
with the positive association between PCL-R and WM 
deficits in violent-PSY and violent non-PSY may indicate 
shared neurobiological underpinnings of trait violence 
and are in line with the existing literature on overlapping 
neuropsychological and emotion processing deficits in 
violent individuals with psychosis and ASPD/psychop-
athy67,68 as well as with previous reports indicating shared 
structural abnormalities in violent individuals with or 
without psychosis.26–29

This study has certain limitations. The number of 
subjects in the violence groups was relatively small which 
reflects challenges related to recruitment and assessment 
of individuals from high-security forensic wards and 
prisons. Nonetheless, the violent-PSY sample matches the 
two other studies investigating correlates of impulsivity/
aggression in schizophrenia patients (n = 14–25).16,17 Due 
to low number of datapoints for PCL-R we applied a less 
conservative approach to multiple-comparison correc-
tion compared with the main analyses (FWE-correction 
within each contrast). Hence, these findings should be 
interpreted with caution. The observed associations be-
tween WM microstructure and PCL-R were confined 
to CC, thus it suggests that the PCL-R construct does 
not exhaustively capture the affective and cognitive 
disturbances in violent behavior. While we controlled 
for known confounders such as IQ and medication, we 
did not control for illicit substance use or alcohol use as 
individuals in both violence groups were institutionalized 
at the time of inclusion in the study and were not sup-
posed to have access to illicit substances or alcohol. We 
cannot exclude the possibility that earlier substance abuse 
may have affected the results taking into account high co-
morbidity between psychosis, ASPD and substance use 
disorders.69,70 Additionally, previous brain imaging re-
search has suggested that myelination may be affected 
by antipsychotic medication71 and the violent-PSY group 
had a significantly higher total DDD of antipsychotic 
medication use compared with nonviolent PSY group. 
However, this is less likely as our supplementary analyses 
in the psychosis groups showed that the results were un-
affected by the cumulative medication load. Further, we 
cannot exclude the possibility that the observed WM 
microstructural deficits in the violent-PSY and violent 
non-PSY are caused by a shared cumulative load of other 
factors than trait violence/aggression, for example, sim-
ilar neurocognitive profiles.

Among the strengths of our study is the implementa-
tion of an optimized postprocessing pipeline for diffusion 

data41 and application a stringent multiple comparison 
correction across modalities and contrasts for the main 
TBSS and tractography analyses.42,44 A major strength is 
that all participants were scanned on the same scanner 
with no upgrades during the study. The violent-PSY 
group comprised exclusively individuals who committed 
serious acts of violence, i.e., murder, attempted murder as 
well as severe physical assault towards other people. The 
violent non-PSY group was unique for research purposes 
as it comprised individuals serving preventive detention 
prison sentence which is the most severe penalty ac-
cording to Norwegian legislation.

In summary, we report global WM differences be-
tween the psychosis patients with and without a history 
of violence. These differences were further probed with 
tractography which revealed disrupted structural con-
nectivity in the violent-PSY group in the striatal regions. 
We did not observe any differences between the psychotic 
and nonpsychotic persons with a history of violence, and 
both violence groups had their PCL-scores associated 
with WM abnormalities in CC. These results corrobo-
rate the hypothesis of WM microstructural correlates of 
violence in psychosis and may suggest shared violence-
related structural abnormalities across psychotic and 
nonpsychotic offenders.
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