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The goal of this study was to elucidate the anatomical brain basis of social cognition through two disorders with
distinctively different phenotypes of social interaction. We compared structural MR images of 20 individuals
with autism spectrum disorder (ASD), 19 violent offenders with high psychopathic traits, and 19 control par-
ticipants using voxel-based morphometry (VBM). Our earlier study showed lower grey matter volume (GMV)
values in the insula, frontal cortex, and sensorimotor cortex of the offender group compared to controls. In the
present study, the images of the ASD group revealed lower GMV in the left precuneus, right cerebellum, and right
precentral gyrus in comparison with controls. The comparison between the offender and ASD groups showed
lower GMV values for the right temporal pole and left inferior frontal gyrus in the offender group. There was also
an overlap of both disorders in the right pre-central cortex, showing lower GMV compared to controls. Our
findings suggest structural differences between violent offenders with high psychopathy traits and ASD in-
dividuals in the frontotemporal social brain network areas, previously associated with empathy. We also provide
evidence of similar abnormal structures in the motor cortex for both of these disorders, possibly related to uniting
issues of social cognition.

1. Introduction cues (Fernandez et al., 2018; Lahnakoski et al., 2012; Nummenmaa and

Calder, 2009; Sato and Uono, 2019). The posterior STS and temporo-

Brain networks for human social processing encompass large-scale
brain networks across all cerebral lobes, the cerebellum, and subcor-
tical areas, such as the striatum and amygdala (Amodio and Frith, 2006;
Fernandez et al., 2018; Sato and Uono, 2019; Van Overwalle et al.,
2015). The somatosensory areas and the inferior occipital gyrus (I0G),
fusiform gyrus (FFG), and superior temporal sulcus (STS) are involved,
for instance, in recognizing and interpreting different socially relevant

parietal junction (TPJ), along with the temporal poles and several
areas of the prefrontal cortex (PFC), are involved in reading others’
thoughts (theory of mind), mentalizing, and empathy (Amodio and
Frith, 2006; Blakemore, 2012). The inferior frontal gyrus (IFG) has been
linked with emotional empathy and the ability to understand and
resonate with the actions of others, and it is functionally connected with
STS and the inferior parietal lobule (IPL) (Fitzgerald, 2019; Sato and
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Uono, 2019). In turn, the ventromedial prefrontal cortex is considered to
be involved in the cognitive component of empathy (Fitzgerald, 2019).
Autism and psychopathy are two distinctively different disorders
involving aberrant socioemotional processing, and structural and func-
tional alterations in the brain networks that support these functions
(Sato and Uono, 2019). However, the precise differences in the brain
networks across these two disorders remain unknown.

1.1. Abnormalities in frontotemporal, parietal and cerebellar areas of
ASD

Autism spectrum disorder (ASD) is a heterogenous neuro-
developmental disorder with deficits in various social cognitive func-
tions. According to DSM-5, the core features of ASD are: A) persistent
deficits in social communication and social interaction B) restricted,
repetitive patterns of behavior, interests, or activities. The cerebral
anatomical findings in ASD have been heterogenous with a limited
number of consistent abnormalities (Ecker et al., 2013; Pagnozzi et al.,
2018; Riddle et al., 2017). One prominent neuropathologic theory
suggests that anatomic abnormalities in ASD are age-specific (Courch-
esne et al., 2007; Courchesne et al., 2011a; Courchesne et al., 2011b;
Courchesne and Pierce, 2005; Ecker et al., 2013; Zielinski et al., 2014).
The brain undergoes a period of precocious growth in the early postnatal
life of ASD individuals. This is followed by decreased or paused age-
related brain growth, so that in later childhood and adolescence there
are no differences in total brain volume compared to neurotypical in-
dividuals. Moreover, later on in adulthood and older age, there seems to
be an acceleration in age-related brain degeneration. This theory has
also been supported by findings in longitudinal and cross-sectional MRI
studies (Courchesne et al., 2011a; Courchesne et al., 2011b) While the
early overgrowth of the ASD in volumetric MRI-studies pertains mostly
to the frontal and temporal lobes (Amaral et al., 2008; Carper and
Courchesne, 2005; Pagnozzi et al., 2018; Riddle et al., 2017), the
abnormal age-related degeneration is also region-specific but focused
more in the temporal and parietal lobes (Braden and Riecken, 2019;
Wallace et al., 2010). MRI and post-mortem studies also support a
similar abnormal growth trajectory in the cerebellum, but with the
exception of life-long hypoplasia in the vermis areas (Amaral et al.,
2008; Pagnozzi et al., 2018). The cerebellum has traditionally been
viewed as related to motor functions, but recent studies have also
demonstrated its role in social cognition (Moreno-Rius, 2019; Schmah-
mann, 2019; Van Overwalle et al., 2015).

1.2. Abnormalities in the frontotemporal, limbic, and cerebellar areas of
psychopathy

Psychopathy is a serious disorder of social cognition characterized by
grandiosity, callousness, manipulativeness, and lack of remorse,
empathy, and guilt. It is often comorbid with conduct disorder and
antisocial personality disorder (Johanson et al., 2020). Psychopathy is
strongly associated with violence and criminal recidivism (Junewicz and
Billick 2020) and is overrepresented in prisoner populations (Johanson
et al.,, 2020). Several biological findings support the theories that
conduct disorder in childhood and youth represent a neuro-
developmental precursor to antisocial personality disorder and psy-
chopathy (Junewicz and Billick, 2020; Raine, 2018). Neuroimaging
studies in psychopathy research have reported heterogenous results, but
a recent systematic review exhibited decreased grey matter volumes in
frontotemporal, limbic, paralimbic, and cerebellar structures as the most
evident neuroanatomical findings (Johanson et al., 2020). A recent
meta-analysis also showed decreased grey matter volumes in dorsolat-
eral cortex and medial orbitofrontal cortex of men with psychopathy (De
Brito et al., 2021). Similar consistent findings of reduced grey matter
volume in the frontotemporal and limbic regions also occur in youths
with conduct problems and aggression (Fairchild et al., 2019). More-
over, these findings are also associated with psychopathic traits in
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healthy controls and violent offenders (Nummenmaa et al., 2021).

1.3. Similarities and differences in socioemotional processing in ASD and
psychopathy

The co-occurrence of psychopathy in autism is possible but rare
(Rogers et al., 2006). However, although the clinical appearances of ASD
and psychopathy differ considerably, these two disorders also display
numerous shared features. A lack of empathy is common in both dis-
orders. However, impairments in the cognitive aspects of empathy are
more pronounced in ASD whereas the emotional aspects are more pro-
nounced in psychopathy (Blair, 2008; Lockwood et al., 2013; O'Nions
et al., 2014). Both disorders are overrepresented in forensic settings, but
despite the elevated risk of violence in psychopathy, there is no evidence
supporting a higher risk of violence or offenses in ASD (Howlin, 2000;
Im, 2016; Johanson et al., 2020; King and Murphy, 2014; Siponmaa
et al.,, 2001). Both of these disorders have their origin in the early
childhood and can be viewed as neurodevelopmental disorders (Raine,
2018). When ASD and psychopathy both have a significant hereditary
component (Blonigen et al., 2005; Larsson et al., 2006; Tuvblad et al.,
2016; Tuvblad et al., 2014; Woodbury-Smith and Scherer, 2018), they
also share some of their genetic basis (O'Nions et al., 2015; Tick et al.,
2016; Tiihonen et al., 2020).

Only a few imaging studies have compared the brain basis of these
two disorders directly. In a study of 323 typically developing and nor-
mally functioning adolescents, higher psychopathic traits were associ-
ated with lower cortical thickness in the anterior prefrontal cortex and
higher ASD traits were associated with lower cortical thickness in the
superior temporal and temporoparietal regions. The only overlapping
region of cortical thinning as a function of psychopathic and autistic
traits was seen in the left medial parietal cortex (Wallace et al., 2012).
One fMRI study using empathy tasks showed reduced responses of brain
regions involved in cognitive empathy in youths with ASD; in turn,
youths with conduct disorder and callous-unemotional traits showed
reduced responses in brain regions involved in emotional empathy
compared to typically developing individuals (Klapwijk et al., 2016). In
a study using theory of mind tasks, the children with ASD showed
atypical neural processing compared to typically developing children,
but there was no difference between children with conduct problems
and high callous-unemotional traits and typically developing children
(O’Nions et al., 2014). In our recent fMRI study comparing these dis-
orders in tasks of social cognition, we found reduced responses in the
motor cortex areas of both of these disorders, suggesting an aberrant
motor contagion (Sun et al., 2021).

1.4. The current study

The purpose of this study was to provide insight to the structural
differences in ASD and criminal psychopathy. We used voxel-base
morphometry (VBM) to compare the regional grey matter volume be-
tween participants belonging to either of these study groups as well as a
group of controls. In a recent structural brain imaging study using the
same participants, the main findings were decreased grey matter vol-
umes of the insula, the frontal cortex, and the sensorimotor cortex in
violent offenders with psychopathic traits compared to control partici-
pants (Nummenmaa et al., 2021). Based on prior studies, we predicted
lower grey matter volume (GMV) values in temporo-parietal and cere-
bellar areas of the ASD compared to control participants. In comparison
with the previously studied violent offenders with high psychopathy
traits, we predicted lower GMV values in the parietal social cognition
areas of the ASD, while the offenders would in turn show lower values in
frontal social cognition areas.
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2. Materials and methods
2.1. Subjects

Twenty individuals with high functioning ASD (mean age 28 years,
range 20-40 years), 19 convicted violent offenders (mean age 31 years,
range 23-45 years), and 19 controls (mean age 29 years, range 21-47
years) participated in the study. All subjects gave informed, written
consent and were compensated for their participation. The ethics board
of the Hospital District of Southwest Finland approved the protocol, and
the study was conducted in accordance with the Declaration of Helsinki.
The study also obtained a research permit from the Hospital District of
Helsinki and Uusimaa since the ASD group participants were largely
recruited from this area.

The general inclusion criteria for all groups were male sex and age of
20-50 years. The general exclusion criteria for all groups were current
use of narcotics, current abusive use of alcohol (over 14 U /week), se-
vere axis I psychiatric illnesses, autoimmune illnesses, current medical
conditions, and the standard MRI exclusion criteria.

Inclusion criterion for the ASD group was a valid autism spectrum
disorder diagnosis, and inclusion criterion for the group of violent of-
fenders with psychopathy traits was a current sentence for at least one
violent crime (murder, manslaughter, rape, assault). Inclusion criteria
for control group were a clean criminal record and no history of
neurological or psychiatric disorders.

Offender group participants were inmates of Turku Prison who had
been sentenced for murder (n = 5), manslaughter (n = 5), attempted
manslaughter (n = 3), or grievous bodily harm (n = 6). They were each
escorted by two prison guards to the local research institute for the brain
imaging study. Psychiatric diagnoses of the offender group were based
on prison health care and forensic psychiatric violence risk assessments,
or most thorough forensic psychiatric examination reports concerning
legal responsibility, two recruitment interviews, and semi-structured
PCL-R interviews. Only two of the offenders refused to be evaluated
with the PCL-R interview. In the Scandinavian countries the PCL-R cut-
off limit for psychopathy has been suggested to be lower than the North
American one and in the range of 25-26 (Jiiriloo et al., 2014). Final
consensus diagnoses were made by two medical specialists both in
psychiatry and forensic psychiatry with 13-25 years of experience in the
field of prison psychiatry, who were assisted by a psychologist with a 15-
year working history in a Psychiatric Hospital for Prisoners. Possible
opioid and dopaminergic medications were mostly withdrawn before
the measurements, but it was not possible to execute a total discontin-
uation of the medications. Clinical information of offenders is found in
supplement S1.

Subjects in the ASD group were volunteers from the Helsinki and
Turku University Hospital Neuropsychiatric Clinics, with one subject
also recruited from Neuropsychiatric Clinic Proneuron, in Espoo. The
ASD group diagnoses were verified by a research psychologist, neurol-
ogist, and psychiatrist following DSM-5 criteria based on patient history,
all accessible information from births records, well-baby clinics, and
school healthcare. Autism Diagnostic Observation Schedule-Second
Edition (ADOS-2) assessment (Lord et al., 2012) was also used to
clarify the autism diagnostics. Possible opioid and dopaminergic medi-
cations were withdrawn before measurements, but it was not possible to
execute a total discontinuation of the medications. Clinical information
of the ASD subjects is found in supplement S2.

The control participants were screened for medical conditions from
their patient histories and their use of prescribed medication was
double-checked from the Finnish medical database. Clinical information
of the control subjects is found in supplement S3.

All the participants completed the Autism-Spectrum Quotient (AQ)
questionnaire for the evaluation of ASD (Baron-Cohen et al., 2001;
Bishop et al., 2004). AQ comprises 50 questions measuring five different
areas of autism spectrum disorder: social skill, attention switching,
attention to detail, communication, and imagination. As all the

Neurolmage: Clinical 35 (2022) 103116

participants in control group scored below the 32 cut-off limit in the AQ,
they were considered non-autistic and ADOS-2 evaluation was not
considered necessary (Baron-Cohen et al., 2001). Three of the offender
group did not complete the AQ questionnaire. One participant in the
offender group scored 35 but showed no evidence of ASD in clinical
evaluations and ADOS-2 evaluations in this group were also not
considered necessary. Psychopathy was evaluated with Levenson Self-
Report Psychopathy Scale (LSRP) questionnaire across all the partici-
pants (Levenson et al., 1995). LSRP measures two dimensions of psy-
chopathy: primary psychopathy, indicating inclination to lie, lack of
remorse, and callousness, and secondary psychopathy indicating
impulsivity, short temper, and low tolerance for frustration. As all the
participants in control and the ASD groups scored below 49 in the LSRP,
they were considered non-psychopathic and PCL-R evaluation was not
considered necessary (Brinkley et al., 2001). None of the participants
had previous or current severe mental disorders, as assessed by SCID-I
interview (Spitzer et al., 1992). The education of all the participants
was classified in three different categories: (1) primary school, (2) sec-
ondary degree, (3) university degree. All the participants were also
screened for their clinical status, with comprehensive general blood
laboratory exams, including a urinary test for the use of narcotics.
Subject characteristics can be found in Table 1A & B.

2.2. MR imaging and analysis

Structural MRI data were collected using a Phillips Ingenuity TF
PET/MR 3 T scanner. We used a T1-weighted sequence (TR 9.8 ms, TE
4.6 ms, flip angle 7°, 250 mm FOV, 256 x 256 voxel matrix) with (1
mm?®) isotropic voxel size. The T1 images were screened for structural
abnormalities by a radiologist. We used SPM12 (Wellcome Trust Center
for Imaging, London, UK, https://www.fil.ion.ucl.ac.uk/spm) to
conduct the voxel-based morphometry, applying automated spatial
normalization, tissue classification, and radio-frequency bias correction
combined with the segmentation step. Medium affine regularization
0.01 was used with a 25 mm cut-off for spatial normalization. Following
normalization and segmentation into grey matter and white matter, we
incorporated a non-linear transformation step, as implemented in
CAT12 toolbox, to take into account volume changes caused by spatial

Table 1A
Subject characteristics.

Controls Mean ASD Mean Offenders Mean
(Std.) (Std.) (Std.)
Age 29 (8) 28 (6) 31(7)
n (males) 19 20 19
Education*
No graduation 0 0
Primary School 3 11
Second degree 10 14 5
University 9 3 0
Psychopathy
PCL-R - - 26 (5)n=17
LSRP primary 22 (3) 234 31(6)n=15
LSRP 13 (3) 17 (3) 203)n=15
secondary*
Autism
AQ* 11 (4 28 (6) 20(6)n=16
ADOS-2 - 11 (4) -
Handedness
Right 16 13 16
Left 3 7 3

PCL-R = Psychopathy Checklist-Revisited, LSRP = Levenson Self-Report Psy-
chopathy Scale, AQ = Autism Spectrum Quotient, ADOS-2 = Autism Diagnostic
Observation Schedule-Second Edition.
*Significant p < 0.05 differences between all groups in ONE-WAY ANOVA
analyses.

! Significant p < 0.05 differences between groups except between ASD and
Healthy controls in ONE-WAY ANOVA analyses.
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Table 1B
Subject characteristics.

ASD Number of
participants

Offenders
Number of
participants

Controls Number
of participants

Current diagnoses:
Autism Spectrum - 20 -
disorder
Antisocial - - 16
personality
disorder
Borderline - - 4
personality
disorder
ADHD - 6 5
Previous
diagnoses:
Mood and Anxiety - 8 4
disorder
Substance abuse - - 18
Alcohol abuse - - 13
Medication:
SSRIs, SNRIs - 4 5
Tricyclic - - 4
antidepressants
Other - 1 -
antidepressants
Hypnotics and - 3 6
Anxiolytics
Neuroleptics -
Stimulants -
Betablockers -
Antihistamines -
Levothyroxine - 1

N

=
H O N~

normalization. Similar non-linear transformation step was also used to
account for the differences in total brain size across subjects. Finally, all
the segmented, normalized, and modulated GM and WM images were
smoothed using a Gaussian kernel of 8 mm full width at half maximum
(FWHM).

In the full volume analysis, the normalized and smoothed VBM im-
ages were analyzed with SPM12 using General Linear Models. We firstly
disclosed regional variations of grey matter volume among all groups
using ANOVA F-tests, which was also used to find out group differences
in the total intracranial volume and total grey matter volume. The
further pair-wise comparisons between the groups were performed with
T-tests in six different t-contrasts: 1) Offenders < ASD, 2) ASD < Con-
trols, 3) Offenders < Controls, 4) ASD < Offenders, 5) Controls < ASD,
6) Controls < Offenders. The primary p-value threshold was set at < 0.01
with a cluster level extent threshold set at qrpg-corr < 0.05. To pinpoint
the most robust differences between groups, we also assessed the effects
using stricter statistical thresholds (primary p-value thresholds at 0.005
and 0.001 with cluster level extent threshold set at qrpr-corr < 0.05.). To
better elucidate the between-groups differences, we also evaluated GMV
in a priori regions of interest (ROI). The ROIs were set based on the
previous anatomical imaging studies at frontal, temporal, insular and
amygdala areas defined by the AAL atlas (Tzourio-Mazoyer et al., 2002)
(supplement S4). As our earlier study showed fMRI differences in motor
cortex function, we also evaluated an AAL-defined ROI at the precentral
gyrus for any anatomical differences between these groups (Sun et al.,
2021). In addition to the group comparisons, we conducted continuous
analyses based on the LSRP and AQ questionnaire scores.

3. Results
3.1. Voxel-based morphometry
ANOVA (F-test) analyses revealed significant group differences in the

right temporal pole, left fusiform cortex, left insular cortex, right culmen
of vermis, left frontal pole, left inferior frontal gyrus, cingulate gyrus,
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left precuneus, and right precentral gyrus, with FDR-thresholded at p <
0.01. In the pair-wise comparisons the offenders versus ASD group, GMV
was lower in the right temporal pole and left inferior frontal gyrus
(Fig. 1A). These findings were still significant when the p-threshold was
tightened all the way from 0.01 to 0.001 (supplement S5). AQ and LSRP
scores had no correlation with GMV in any of these areas. In the ASD
versus control group, GMV was lower in the right precentral cortex, left
precuneus, right culmen of vermis, and the right cerebellum areas
(Fig. 1B). These findings were still significant when the p-threshold was
tightened from 0.01 to 0.001 (supplement S5). The AQ scores had a
negative correlation with GMV in all of these areas, with an FDR
threshold at p < 0.01. In the offender versus control group, GMV was
found to be lower in the bilateral insular cortex, left frontal pole, right
precentral cortex, cingulate gyrus, left inferior temporal gyrus, and left
fusiform cortex (Fig. 1C). These findings were still significant when the
p-threshold was tightened from 0.01 to 0.001 (supplement S5). The total
LSRP and primary psychopathy domain scores had a negative correla-
tion with GMV (FDR corrected at p < 0.01) only in the left frontal pole.
Secondary psychopathy domain was not associated with GMV using the
same threshold. There was an overlapping region in the precentral
cortex where both offender and ASD groups showed lower GMV in
comparison with controls (Fig. 2). When education, total intracranial
volume, and age were used as covariates, the results remained essen-
tially unchanged (FDR corrected, p < 0.01). We also found no differ-
ences in the total intracranial volume (p = 0.1553) and total grey matter
volume (p = 0.0732) in ANOVA analyses. No significant voxels were
found in the opposite contrasts (Offender > ASD, ASD > Controls, and
Offender > Control). Stereotactic coordinates and t-values for the results
can be found in supplement S4.

3.2. ROI analyses

The ROI analyses of the temporal areas showed lower GMV in the
right temporal inferior, right middle temporal pole, and left temporal
pole superior regions of the offenders versus ASD group. In frontal areas,
only the left frontal inferior triangular region of the offender group
showed significantly lower GMV compared to the ASD group (Fig. 3). In
the ASD group, only the precentral region showed lower GMV compared
to controls, with no significant difference in the temporal, frontal or
insular areas (Fig. 3). The offender group had significantly lower GMV of
the bilateral temporal inferior, right temporal pole, left middle temporal
pole, and right temporal pole superior regions compared with the con-
trol group. In the frontal areas, the offender group had lower GMV of the
left frontal inferior operculum, left frontal inferior triangular, bilateral
middle orbital, left frontal superior orbital, left frontal inferior orbital,
left frontal medial orbital, left frontal middle, and bilateral frontal su-
perior medial regions. There was also lower GMV in bilateral insula and
right precentral gyrus regions of the offenders compared to control
group (Fig. 3). The amygdala area did not show any significant differ-
ences between groups. Statisics for regional tests are shown in supple-
ment S6.

4. Discussion

Our main finding was that violent offenders with psychopathic traits
have lower GMV in frontotemporal social cognition areas when
compared with ASD individuals, but compared to controls, they both
present similar lower GMV in motor areas. In comparison with controls,
the offender group had widespread lower grey matter volume in fron-
totemporal areas, while the ASD group showed lower volume in the
precuneus and cerebellum. In addition to these divergent patterns, both
ASD and offender groups had lower grey matter volume in the pre-
central motor cortex when compared to the control group. Altogether
these results suggest that ASD and psychopathy involve distinct patterns
of structural alterations in the brain, the commonalities and shared
patterns of lowered GMV may explain some of the shared phenotypical
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Tpole

Z=18.5 Z=-20

Fig. 1. A. Brain regions with lower GMV in Offender versus ASD group. The data is FDR-thresholded at p < 0.01. Tpole = Temporal pole, IFGtriang = Inferior Frontal
Gyrus, Triangular part B. Brain regions with lower GMV in ASD versus Controls. The data is FDR-thresholded at p < 0.01 PreCG = Precentral Gyrus, PCUN =
Precuneus, CE = Cerebellum C. Brain regions with lower GMV in Offenders vs Controls. The data is FDR-thresholded at p < 0.01 PreCG = Precentral Gyrus, Fpole =
Frontal pole, INS = Insula, Cg = Cingulate Gyrus, ITG = Inferior Temporal Gyrus, TFUS = Temporal Fusiform Gyrus. The range from FDR correction to T-value of 4 is

used for better visualization of the variance in the scale.

X=41.5 Y=7.5

T-score

4
PreCG l

FDR

Fig. 2. Overlapping (green) brain regions with lower grey matter volume in ASD (red) and Offender groups (blue) compared to control group. The data is FDR-
thresholded at p < 0.01. PreCG = Precentral Gyrus. The range from FDR correction to T-value of 4 is used for better visualization of the variance in the scale.
(For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

features of these groups. The ANOVA analyses revealed GMV differences
in similar areas as found in the pair-wise T-test comparisons; the only
exceptions were additional effects in the right cerebellar and right
insular areas.

4.1. Lower grey matter volume values in the frontotemporal areas of
violent offenders with psychopathy traits compared to autism spectrum
disorder individuals

When comparing the offenders and ASD groups, we found

significantly lower GMV values in the right temporal pole and left
frontal inferior triangular gyrus of the offenders. The differences were
robust and significant with a primary threshold of 0.001. Both of these
areas are associated with social cognition and related to emotional as-
pects of empathy (Leigh et al., 2013; Sato and Uono, 2019). In the ROI
analyses we also found lower GMV values for the offenders versus ASD
group in regions involved in social cognition (superior temporal pole,
middle and inferior temporal pole, and inferior triangular gyrus). In ASD
the frontotemporal areas are impaired by overgrowth in childhood and
accelerated degeneration in adulthood and older age (Courchesne et al.,
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Fig. 3. Regional GMV in frontal, temporal, insular and precentral regions of interest (ROI) across the three groups. Asterisks denote statistically significant dif-

ferences between groups.

2011a; Courchesne et al., 2011b; Zielinski et al., 2014). In psychopathy,
these frontotemporal areas are already seen to be affected at neuro-
developmental precursor stages of childhood and subsequently
throughout adulthood (Fairchild et al., 2019; Johanson et al., 2020;
Rogers and De Brito, 2016). Along with these divergent growth trajec-
tories, our findings suggest different pathological mechanisms behind
the frontotemporal defects in these disorders, but this needs further
research.

4.2. Similar lower grey matter volume areas in the motor cortex of violent
offenders with psychopathy traits and autism spectrum disorder individuals

The full-volume analysis revealed lower GMV in right precentral
cortex of both offender and ASD groups compared with the controls.
Importantly, GMV in this region did not differ between these two groups
(ASD and Offenders). This effect was also confirmed in the ROI analyses.
Aberrant structure of this precentral area might suggest a similar
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impairment of motor functioning in both groups. Deficits in motor areas
are consistently found in ASD (Fournier et al., 2010a; Mosconi and
Sweeney, 2015; Nebel et al., 2014), but there is also evidence of func-
tional and anatomical deviancies of motor cortex in psychopathy (De
Brito et al., 2021; Robinson and Bresin, 2014; Tillem et al., 2019).
Similarly as mentioned before, there is evidence of abnormal growth
trajectory of the ASD also in the motor cortex regions (Mostofsky et al.,
2007; Riddle et al., 2017). As our ASD participants were all adults, our
findings could reflect this abnormal age-related degeneration of the
motor cortex. The functional organization of the motor cortex is also
disrupted in children with ASD (Nebel et al., 2012), and significant and
widespread alterations in motor performance have even been argued to
precede the core symptoms of ASD (Fournier et al., 2010b; Mosconi and
Sweeney, 2015). There are also reports of increased motor and premotor
cortex white matter volumes positively correlating with poor motor
function in ASD (Mostofsky et al., 2007). A study of ASD individuals in a
high security prison has also interestingly shown a positive correlation
between motor clumsiness and antisocial lifestyle in PCL-R evaluations
(Murphy, 2007). To our knowledge, there is only one study that has
observed decreased grey matter values in the motor cortex of children
with conduct problems and aggression (Fairchild et al., 2019). Slightly
similar overlapping findings have earlier been seen in the cortical
thickness of psychopathy and ASD traits compared to healthy controls
but these were located more in the parietal cortex (Wallace et al., 2012).
In our latest fMRI study with the same participants, we found uniting
altered somatosensory and motor responses to emotional expressions in
the ASD and offender group, reflecting functional problems in these
same brain areas (Sun et al., 2021). Here our anatomical findings also
suggest similar aberrancies in the motor areas in these two groups.
Along with motor functioning problems, these findings could also be
possibly related to issues of social cognition such as motor imagination,
motor observation, and motor empathy (Bhattacharjee et al., 2021; Bons
et al., 2013).

4.3. Lower grey matter volume values in ASD compared to controls

In the ASD group we found lower grey matter volume values in the
right cerebellum, left precuneus, and right pre-motor cortex compared
to controls. Comparable areas also had a negative correlation with AQ
scores. The lower grey matter values of the cerebellum in the ASD group
is a well-defined finding and can be seen as reflecting deficits in motor
control but also social cognition in the ASD group (Moreno-Rius, 2019;
Schmahmann, 2019; Van Overwalle et al., 2015). The precuneus is a
part of the social cognition network and is interestingly linked to
default-mode networks and sensing of self and others, which may be
seen as reflecting deficits in the theory of mind of the ASD group
(Cavanna and Trimble, 2006). All in all, the differences in the grey
matter volume of social cognition areas in the ASD group were sur-
prisingly small when compared to controls. This may be due to the
phenotypical and genetic heterogeneity of the disorder and our rela-
tively small sample size (Pelphrey et al., 2011).

4.4. Lower grey matter volume values in violent offenders with
psychopathy traits compared to healthy controls

In an earlier study with the same offender and control participants,
the main findings were lower grey matter volumes in the anterior insula,
frontal cortex, and the sensorimotor areas in the violent offenders
compared to controls (Nummenmaa et al., 2021). Following these
earlier main findings, we found lower grey matter values in the bilateral
insular cortex, left frontal pole, right precentral cortex, cingulate gyrus,
left inferior temporal gyrus, and left fusiform cortex in the offender
group compared to the control group. The total and primary psychop-
athy domain scores of the LSRP questionnaire correlated negatively with
the left frontal pole area. All these results are comparable with earlier
findings in systematic reviews of psychopathy (De Brito et al., 2021;
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Johanson et al., 2020). These whole brain findings in this group were
also robust and still clear with a p-value threshold of 0.001. In the ROI
analyses the offender group also showed vastly lower GMV values in the
frontal, temporal, and insular areas as well as the precentral cortex
areas.

4.5. Limitations

The groups were matched by their age and sex, but there were sta-
tistically significant differences in education between groups. Even
though the education as a covariate did not show any essential changes
in our results, we recommend formal IQ evaluations in future studies
with similar comparison setups. Also, since we only included male
subjects, our findings may not be generalized to females. Although there
was no evidence of current alcohol or drug abuse in any participants as a
confounding factor, the history of abuse in the offender group was still
more common. The MR images and patient histories of our subjects did
not indicate any brain injuries, but these should be considered as a more
common confounding factor in violent offenders (Katzin et al., 2020).
Since the screening questionnaires raised a justified suspicion of co-
occurrent psychopathy and ASD in one of our participants (Rogers
et al., 2006), we recommend more diagnostic ADOS-2 and PCL-R eval-
uations across all groups in future studies with similar comparison
setups. Finally, the sample size was limited due to the complicated
recruitment and measurement protocols in the prison environment.
However, we used strict statistical significance and were nevertheless
able to establish consistent differences between the groups.

4.6. Conclusion

We conclude that lower grey matter volume of the right temporal
pole and left inferior frontal gyrus in violent offenders with high psy-
chopathy traits is the most salient structural difference in comparison
with ASD individuals. These brain areas have been linked with both
psychopathy (Johanson et al., 2020) and ASD in previous studies of
these social cognition deficits (Courchesne et al., 2011a; Courchesne
et al., 2011b). Interestingly, these areas are linked with emotional as-
pects of empathy, which is seen as more defective in psychopathy (Blair,
2008; Fitzgerald, 2019; Jones et al., 2010; Lockwood et al., 2013). The
ASD group showed surprisingly little grey matter loss in any of the areas
typically associated with social cognition, possibly due to the pheno-
typical and genetical heterogeneity of the disorder. We also found
decreased grey matter volume values in similar areas of the right pre-
central cortex in both groups. As motor function impairment is a well-
known early onset deficit in the ASD group, there is only little knowl-
edge of this issue on the psychopathy trait. Considering the nature of
these disorders, the motor cortex finding could possibly be also more
closely related to similar issues of social cognition such as motor
imagination, motor observation, and motor empathy.
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