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Abstract

Psychopathy and autism are both associated with aberrant social skills and empathy, yet only psychopaths are markedly antisocial and
violent. Here, we compared the functional neural alterations underlying these two groups that both have aberrant empathetic abilities
but distinct behavioral phenotypes. We studied 19 incarcerated male offenders with high psychopathic traits, 20 males with high-
functioning autism, and 19 age-matched healthy controls. All groups underwent functional magnetic resonance imaging while they
viewed dynamic happy, angry, and disgusted faces or listened to laughter and crying sounds. Psychopathy was associated with reduced
somatomotor responses to almost all expressions, while participants with autism demonstrated less marked and emotion-specific
alterations in the somatomotor area. These data suggest that psychopathy and autism involve both common and distinct functional
alterations in the brain networks involved in the socioemotional processing. The alterations are more profound in psychopathy,
possibly reflecting the more severely disturbed socioemotional brain networks in this population.
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Introduction
The ability to relate with others is a fundamental human
skill that is highly automated. Effortless flow of emo-
tional states and goals across individuals facilitates the
understanding of intentions and actions and allows us to
“tune in” with others (Hatfield et al. 1993; Keysers et al.
2010; Nummenmaa et al. 2012). However, there exists
marked variation in the ability to understand others’
needs and goals as well as to take these into account
in social interactions. Psychopathy is an extreme case
of lacking ability to relate with others despite of the
skillful manipulativeness to achieve goals among social
interactions (Wilson 1994). It is characterized by recur-
ring antisocial behavior, bold, disinhibited, and egotisti-

cal traits, and lacking empathy and remorse (Cooke and
Michie 2001). Psychopathy is also causally linked with
criminal behavior and violence (Murrie et al. 2004). While
the prevalence of psychopathy is around 1% in normal
population, it is around 20% in incarcerated offenders
(Hare 2003) and 16.4% in Finnish incarcerated offenders
(Jüriloo et al. 2014). Because these behavioral and emo-
tional symptoms are persistent and present already in
childhood, psychopathy likely has an organic basis.

Neuroimaging studies have found that psychopathic
offenders have lower volume in the frontal cortex and
in limbic regions, including insula and amygdala (Müller
et al. 2008; Tiihonen et al. 2008; Yang et al. 2009; Ermer
et al. 2012; Nummenmaa et al. 2021). These structural
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alterations are accompanied with abnormal responsive-
ness of the limbic system. Psychopathy is associated
with weaker activity in the amygdala and hippocampus,
striatum, and cingulate cortices while viewing emotional
facial expressions. Psychophysiological and neuroimag-
ing studies have revealed that participants with psy-
chopathic traits show significantly reduced autonomic
nervous system responses and frontocortical brain
activity toward others’ distress, which is consistent with
lowered care motivation (Decety et al. 2013; Meffert
et al. 2013). Conversely, stronger responses are observed
in the frontal cortical regions (Kiehl et al. 2001; Dolan
and Fullam 2009), particularly when viewing violent
emotional episodes (Nummenmaa et al. 2021). The
distorted limbic outputs combined with dysfunction in
executive frontal cortical and social decision-making
systems could thus predispose psychopaths to violent
and antisocial behavior (Contreras-rodríguez et al. 2014;
Contreras-Rodríguez et al. 2015).

Difficulty in relating with other people is a common
feature of the autistic and psychopathic phenotype
(Marsh 2018). Autism spectrum disorders (ASDs) are also
characterized by abnormalities and difficulties in the
social domain, and similarly as psychopathy, they have
an early onset and neurodevelopmental origin. ASDs
are typically manifested as aberrant communication,
restricted interests, repetitive behavior, and sensory
anomalies (Battle 2013; Lord et al. 2020). ASDs have
variable clinical phenotypes from mild to severe, and
even wider continuum of social-communicative ability
extending into the general population has been proposed
(Vecera and Marron 1996; Baron-Cohen et al. 2001).
Neuroimaging studies have linked ASD with aberrant
structure and function in socioemotional brain networks,
such as those involved in the processing of goal-directed
actions and biological motion (superior temporal sulcus),
theory of mind (medial prefrontal cortex and temporo-
parietal junction), and emotion (amygdala) (Harms
et al. 2010; Uljarevic and Hamilton 2013; Glerean et al.
2016). Similar to psychopathy, ASD is associated with
reduced limbic activation by emotional stimuli, such
as happy, fearful, and disgusted faces (Ogai et al. 2003;
Kim et al. 2015). It is however controversial whether
aberrant socioemotional processing pertains to all
emotions versus only a subset of them, and even meta-
analyses have provided evidence for both general (Lozier
et al. 2014) and emotion-specific effects (Uljarevic and
Hamilton 2013).

ASD and psychopathy have a set of common and
distinct characteristics. Both ASD and psychopathy are
both overrepresented in forensic settings (Im 2016),
and aggression is also somewhat common in autistic
samples (Kanne and Mazurek 2011). Because early onset
childhood conduct disorder is highly predictive of adult
psychopathy, it can also be seen as a neurodevelopmen-
tal disorder similarly as ASD (Raine 2018). Both ASD and
psychopathy are also heritable and may have shared
genetic basis (O’Nions et al. 2015; Tiihonen et al. 2020).
Despite these shared features, the behavioral phenotypes

in psychopathy and ASD also differ in important ways.
First, although ASD might be underdiagnosed in forensic
settings (Loureiro et al. 2018), the available data show
that antisocial behavior is more common in psychopathy
than in ASD. Second, while psychopathic individuals can
use their superficial charm and glib for manipulating
other people (Wilson 1994), autistic individuals have,
in general, severe difficulties in maintaining even
routine social interactions. Third, the nonsocial domains
of ASD (restricted interests, repetitive behavior, and
sensory anomalies) are not manifested in psychopathy,
which is better characterized by impulsive rather than
highly structured behavioral patterns (Cooke and Michie
2001); intellectual disabilities are also not common in
psychopaths who tend to be of average intelligence (Hare
2003). Finally, while psychopathy is characterized by
impaired mental state attribution for others’ emotions,
ASD is associated with impaired cognitive perspective-
taking (Jones et al. 2010; Marsh and Cardinale 2012;
Lockwood et al. 2013).

Taken together, individuals with both autism and psy-
chopathy can act in ways that implicate lack of empathy
toward others, and aberrant functioning in compara-
ble brain systems have been implicated in both con-
ditions. Comparison between autistic and psychopathic
individuals’ neural response to socioemotional signals
would thus provide a unique opportunity for address-
ing whether specific perturbations of the socioemotional
brain networks are linked with distinct social and antiso-
cial behavioral patterns. However, to our knowledge, no
prior study has directly compared functional brain basis
of psychopathy and autism.

The current study
In the current study, we compared neural responses to
emotional communicative signals in healthy controls
versus incarcerated psychopathic offenders and individ-
uals with ASD. All groups underwent functional magnetic
resonance imaging (fMRI) while they viewed dynamic
happy, angry, and disgusted facial expressions or listened
to laughter and crying sounds. We show that psychopa-
thy is associated with reduced somatomotor responses
to almost all expressions, while in ASD, comparable alter-
ations were found only for laughter and disgusted facial
expressions. Direct comparison revealed that downregu-
lation of the somatomotor responses to all facial expres-
sions was larger in psychopathy versus ASD.

Methods
Subjects
We studied 19 convicted male offenders with high psy-
chopathic traits, 20 males with high-functioning autism,
and 19 age-matched healthy controls. Exclusion criteria
were psychotic or other severe psychiatric illnesses,
autoimmune illnesses, use of opioids, antipsychotic med-
ication other than very small doses for insomnia, current
substance abuse, exceptional risk of violence, claus-
trophobia, and other contraindications for magnetic
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resonance imaging. The study was approved by the
ethical committee of the Hospital District of Southwest
Finland and was conducted in accordance of the Helsinki
declaration. All participants completed informed con-
sent forms prior to participating.

Convicted offenders

Offenders were inmates of the Turku Prison and they had
been sentenced for murder (n = 5), manslaughter (n = 5),
attempted manslaughter (n = 3), or grievous bodily harm
(n = 6). Information regarding the study was distributed to
the inmates potentially eligible for the study, and volun-
teers were then evaluated by the prison hospital psychi-
atrists. Psychiatric diagnoses for offenders were based on
prison health care and forensic psychiatric violence risk
assessments, forensic psychiatric examination reports
concerning legal responsibility, 2 recruitment interviews,
and semistructured Psychopathy Checklist-revised (PCL-
R) interviews. Final consensus diagnoses were made by
two medical specialists (M.S. and H.L.), both with 13–
25 years of experience in the field of prison psychiatry,
which was also assisted by a psychologist (N.V.) with a
15-year working history in the Psychiatric Hospital for
Prisoners. Offenders were escorted by 2 prison guards to
the local research institute for the brain imaging study.
More detailed clinical information of offenders is found
in Supplementary Table S1.

None of the offender group was psychotic nor suffered
from a significant mood disorder, as assessed via a SCID-
I interview (Spitzer et al. 1992). The group consisted of
16 participants with antisocial personality disorders, as
defined by DSM-5 criteria (Battle 2013), and 3 who did
not fulfill the criterion of conduct disorder before the
age of 15 years but only the other criteria of antiso-
cial personality. History of excessive alcohol use was
present in 13 participants, and 18 participants had self-
reported or documented use of illegal substances, includ-
ing black market benzodiazepines, pregabalin or opi-
oids, cannabis, amphetamines, gamma-hydroxybutyrate,
MDPV, anabolic steroids, and cocaine. Information con-
cerning the severity of abuse was considered unreliable.

Psychopathy scores of the offenders were evaluated
with semistructured interview by experienced forensic
psychiatrists or psychologists based on the PCL-R (Hare
2003); Levenson Self-Report Psychopathy Scale (LSRP)
questionnaires (Levenson et al. 1995) for offenders were
also documented as untrusted data. Psychopathy scores
of healthy controls and participants with ASD were based
on the LSRP questionnaire. LSRP measures 2 dimensions
of psychopathy, with the primary psychopathy score indi-
cating inclination to lie, lack of remorse, and callousness
and the secondary psychopathy score indicating impul-
sivity, short temper, and low toleration for frustration.

Participants with ASD

Participants in the ASD group were volunteers from the
Helsinki and Turku University Hospital Neuropsychiatric

Clinic, and 1 participant was also recruited from the Neu-
ropsychiatric Clinic Proneuron in Espoo. Based on patient
history, accessible information from births records, well-
baby clinics, and school health care, the ASD diagnoses
were verified by research psychologist, neurologist, and
psychiatrist following the DSM-5 criteria. An additional
current Autism Diagnostic Observation Schedule (ADOS)
assessment (Lord et al. 2012) was also used to clarify
the ASD diagnostics. All ASD participants were diag-
nosed with ASD, 6 also with ADHD and 8 with other
mood and anxiety disorders. Healthy participants and
ASD group also completed the autism-spectrum quotient
(AQ) questionnaire (Bishop et al. 2004). None of the ASD
participants had currently severe mental disorder, as
assessed via the SCID-I interview. Dopaminergic medica-
tions (antipsychotics, psychostimulants, and bupropion)
were withdrawn before measurements, but 4 partici-
pants who had SSRI medication could not be withdrawn.
Clinical information of the ASD participants is found in
Supplementary Table S2.

Healthy controls

The control participants were screened for medical con-
ditions from their patient histories, and their use of pre-
scribed medication was double-checked from the Finnish
medical database. Clinical information of the control
participants is found in Supplementary Table S3.

Facial expression task
In the emotional facial expression task (Fig. 1A), partic-
ipants viewed short video clips (5 s) of dynamic facial
expressions of joy, disgust, and anger selected from
ADFES database (van der Schalk et al. 2011). All clips
begun with a neutral face, which was followed by a
dynamic display of the facial expression. Prior to each
clip, participants were shown the first frame of the video
(i.e. neutral face) for 3.5 s to avoid peaks in low-level
visual activation due to simultaneous visual stimulus
and motion onset. This was followed by the dynamic
expression from neutral to full expression, with the full-
blown phase held until the end of the clip. Each stimulus
was followed by a random 4–8 s of rest period. Again,
to avoid peaks in low-level visual cortical activations, a
scrambled picture of the upcoming model was shown
during the rest period. To keep participants focused on
the task, 4 trials (out of 36 trials in total) contained a
still picture of the neutral face instead of the video clip.
Participants were asked to press the response button as
soon as they detected a trial without any facial motion.
These trials were excluded from the analysis. Previous
work shows that these dynamic stimuli elicit consistent
and expression-specific neural responses in emotion and
face perception circuits (Volynets et al. 2020).

Vocal expression task
In the vocal expression task (Fig. 1B), the participants
listened to short laughter and crying vocalizations and
control stimuli which were generated by time-domain
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Fig. 1. Experimental design for the facial expression task A) and vocal expression task B). Color images and videos were used in the facial expression
task.

scrambling of the original sounds. The original stimuli
have been validated and described in detail in O’Nions
et al. (2017). The experiment was run using a blocked
design. In each 16.5-s block, 5 2.5-s stimuli from 1 cat-
egory (i.e. laughter, crying sounds, scrambled laughter, or
scrambled crying sounds) were played with a 1-s silent
period between stimuli. Order of the blocks were random-
ized. The blocks were interspersed with rest blocks last-
ing for 4–7 s. To keep participants focused on the task, an
animal sound (vocalization of an alpaca) was presented
randomly during 50% of the rest blocks. The participants
were instructed to press the response button whenever
they heard the alpaca, and the behavioral outcomes were
inspected for the focus of attention. A total of 32 blocks
(8 blocks per stimulus type) were run.

fMRI acquisition and preprocessing
The magnetic resonance imaging (MRI) data were
acquired with Phillips Ingenuity TF PET/MR 3T whole-
body scanner. High-resolution (1 mm3) structural brain
images were acquired using a T1-weighted (T1w)
sequence (time repetition [TR] = 9.8 ms, time echo
[TE] = 4.6 ms, flip angle = 7◦, 250 mm FOV, 256 × 256
reconstruction matrix). Radiologist screened the images
for structural abnormalities. Functional data were
acquired using a T2∗-weighted echo-planar imaging
sequence (TR = 2600 ms, TE = 30 ms, 75◦ flip angle,
240 mm FOV, 80 × 80 reconstruction matrix, 62.5 kHz
bandwidth, 3.0 mm slice thickness, 45 interleaved slices
acquired in ascending order without gaps). A total of 206
(facial expression task) or 290 (laughter task) functional
volumes were acquired. We used fMRIPrep 1.3.0.2 to
preprocess the MRI data (Esteban et al. 2019). Anatomical
T1w reference images were processed following steps:
correction for intensity nonuniformity, skull-stripping,
brain surface reconstruction, spatial normalization to
the ICBM 152 Nonlinear Asymmetrical template version

2009c (Fonov et al. 2009) using nonlinear registration
with antsRegistration (ANTs 2.2.0), and brain tissue
segmentation. fMRI data were processed following steps:
coregistration to the T1 reference image, slice-time
correction, spatial smoothing with a 6-mm Gaussian
kernel, automatic removal of motion artifacts using
ICA-AROMA (Pruim et al. 2015), and resampling to
the MNI152NLin2009cAsym standard space. Quality of
images was assessed via the visual reports of fMRIPrep
and was inspected manually in accord to the whole-
brain field of view coverage, proper alignment to the
anatomical images, and signal artifacts. All functional
data were retained in the analysis. Quality of images was
visually checked and also inspected based on fmriprep’s
visual reports. No images had >25% of frames with >1-
mm frame displacement (Parkes et al. 2018).

Full-volume GLM data analysis
The fMRI data were analyzed in SPM12 (Wellcome Trust
Center for Imaging, London, UK, (http://www.fil.ion.ucl.
ac.uk/spm). The whole-brain random effects model was
applied using a 2-stage process with separate first and
second levels. For each participant, GLM was used to pre-
dict the regional effects of task parameters on blood oxy-
gen level–dependent (BOLD) indices of activation. In the
facial expression task, contrast images were generated
for dynamic happy, angry, or disgusted facial expressions
versus static neutral faces (i.e. the initial 3.5 s of each
video without motion) and were subjected to second-
level analyses for population-level inference. In the vocal
expression task, contrast images were generated for
laughter or crying sound versus corresponding scram-
bled sounds and were subjected to second-level analyses.
We first tested the task-dependent activations in each
group and conducted the between-group comparisons
for each effect of interest. In addition to between-group
comparisons, in a control analysis, we also fitted a multi-
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Table 1. Basic characteristics of the participants.

Groups Control ASD Psychopathy

Age 28.53 (7.69) 27.85 (5.56) 31.16 (6.49)
Education level

Interrupted primary school 0 0 2
Primary school 0 3 12
Second degree 10 14 5
University degree 9 3 0

Psychopathy
PCL-R — — 26.47 (6.24)
LSRP primary psychopathy 21.95 (3.05) 23.30 (3.95) 30.67 (5.96)a

LSRP secondary psychopathy 13.47 (2.97) 16.60 (3.28) 19.8 (3.14)a

Autism
AQ 10.95 (3.44) 27.65 (5.64) 19.63 (6.43)a

ADOS — 11.30 (4.34) —

Note: — indicates data not available. aIndicates data not trusted.

ple regression model where the primary LSRP scores and
AQ scores were used as regressors. By controlling the
effect of the other, this provided additional information
regarding the specific effect of these factors across all
the subject groups. The secondary LSRP scores were
significantly correlated with the AQ scores when the
groups were pooled (r = 0.37, P = 0.005) and therefore were
not applied in the control analysis. Statistical threshold
was set at P < 0.05, FDR-corrected at cluster level.

Region of interest analysis
To visualize the between-group differences, BOLD sig-
nals in anatomically defined regions of interest (ROIs)
were also analyzed. ROIs were selected considering their
important roles in socioemotional processing. These ROIs
included anterior, middle, and posterior cingulate cor-
tices (CCs), precuneus, amygdala, caudate, putamen, and
insula defined by the AAL atlas (Tzourio-Mazoyer et al.
2002). We also included the subregions of motor area,
which are parceled in the Juelich Atlas with masks gen-
erated using the SPM Anatomy toolbox (Eickhoff et al.
2005). These subregions include the primary motor cor-
tex (M1) corresponding to Brodmann areas (BAs) 4a and
4b; the supplementary motor area (M2) corresponding to
BA6 (Geyer 2004); the primary somatosensory cortex (S1),
including BA3a, BA3b, BA1, and BA2 (Geyer et al. 2000;
Grefkes et al. 2001); and the secondary somatosensory
cortex (S2), including parietal operculum 1-4 (Eickhoff
et al. 2006). Regional beta weights were estimated from
first-level contrast images of each participant using the
MarsBaR toolbox (Brett et al. 2002). ROI data were ana-
lyzed using 2-sample t-test in R statistical software (ver-
sion 3.6.3).

Results
Psychopathy and autism evaluation in the
studied groups
Basic information of participants is summarized in
Table 1.

In the psychopathy group, interview based PCL-R mea-
sures were conducted since their self-reported data were
considered unreliable due to the nature of psychopathy.

This was also supported by a lack of significant corre-
lation for PCL-R scores with either primary LSRP scores
(r = 0.3, P = 0.3) or secondary LSRP scores (r = 0.23, P = 0.4).
However, both primary and secondary LSRP scores of the
psychopathy group were significantly higher than the
other groups (Supplementary Fig. S1).

In the ASD group, AQ scores were significantly higher
compared to controls (t = 11.14; P < 0.001). While there
was no statistical difference between ASD group and
controls for LSRP primary psychopathy scores (t = 1.20;
P = 0.24), the ASD group had higher secondary psychopa-
thy score (t = 3.12; P = 0.003).

Regional responses to positive emotional stimuli
In the control group, happy faces elicited activation in the
occipital cortex; fusiform gyrus; CC; motor area, includ-
ing the primary (S1) and secondary (S2) somatosensory
cortex and primary (M1) and supplementary motor (M2)
areas; medial frontal cortex (MFC); middle temporal
gyrus (MTG) and superior temporal gyrus (STG); pre-
cuneus; cuneus; amygdala; hippocampus; striatum; and
thalamus (Fig. 2A). Social laughter sounds elicited activa-
tion in the primary and secondary auditory cortices, CC,
motor area, MFC, MTG, and STG, precuneus, amygdala,
hippocampus, striatum, and thalamus. These activations
by both happy faces and laughter were weakened in the
autistic individuals and were markedly abolished in the
psychopathy group, with the exception of the temporal
activations (Fig. 2A). In the psychopathy group, large-
scale deactivation was also observed for laughter.

This was confirmed in direct between-group contrasts
(Fig. 2B). Compared to controls, the psychopathy group
showed dampened responses to happy faces and
laughter in motor area, CC, and precuneus. Dampened
activation in response to laughter expanded largely to
frontal and posterior brain areas and subcortical regions.
Compared to controls, ASD group showed dampened
responses in the middle and anterior CCs to happy
faces and in the motor area (also expanding frontally)
to laughter. Compared to ASD group, psychopathy group
showed dampened response in motor area to happy faces
and in precuneus to laughter.
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Fig. 2. Brain responses to happy faces and social laughter. A) Responses to happy faces and laughter separately for each group. Hot color indicates
activation and cool color indicates deactivation. B) Between-group differences in response to happy faces and laughter. Data are thresholded at
P < 0.05 with FDR cluster-level correction. S1 = primary somatosensory cortex, S2 = secondary somatosensory cortex, M1 = primary motor cortex,
M2 = supplementary motor area, and PreCu = precuneus.

Regional responses to negative emotional stimuli
In controls, both angry and disgusted faces elicited acti-
vation in the occipital cortex, FFA, CC, the motor area,
MFC, MTG and STG, precuneus, amygdala, hippocampus,
striatum, and thalamus (Fig. 3A). Comparable activation
of these regions was found in autistic individuals, while
similarly as for happy faces and laughter, activities in
these brain regions in psychopathic individuals were
markedly abolished (Fig. 3A).

This was also confirmed in direct between-group con-
trast (Fig. 3B). Compared to controls, participants with
psychopathy showed dampened activation in CC, motor
area, and precuneus to both angry and disgusted faces.
Compared to controls, ASD group also showed damp-
ened activation in the CC, motor area, and precuneus
to disgusted faces. However, in response to angry faces,
ASD group showed increased activation in precuneus and
posterior CCs. Compared to ASD group, the psychopathy
group showed global deactivation to angry faces and
damped activation in motor area and precuneus to dis-
gusted faces.

Crying sound elicited activation mainly in the primary
and secondary auditory cortices and in nearby regions
(Supplementary Fig. S2). However, group comparisons
did not show statistical differences. We also investigated
whether the self-reported LSRP and AQ scores, while
controlling for each other, were specifically associated
with brain responses to the facial and vocal expression
stimuli (Supplementary Fig. S3). In line with the group-

level findings, data showed that LSRP primary score
was specifically associated with reduced response
to laughter in the CC, thalamus lateral prefrontal
cortex, somatomotor area, and precuneus. Also, AQ
score was specifically associated with increased brain
response to angry faces in CC, somatomotor area, and
precuneus.

ROI analysis
ROI analysis demonstrated between-group differences
that were in accord with the full-volume analysis
(Fig. 4). In response to laughter (Fig. 4A), psychopathy
group showed reduced activation in M1, M2, S1, and
the combined somatomotor areas (M1, M2, S1, and S2
together), anterior cingulate cortex (ACC), and middle
cingulate cortex (MCC) compared to controls. There were
no statistically significant differences between controls
and ASD group, although numerically mean activity was
strongest in controls and weakest in psychopathy group
in most ROIs.

In response to angry faces (Fig. 4B), psychopathy group
demonstrated reduced activation in ROIs, including the
M1, S2, whole motor area, ACC, MCC, and posterior cin-
gulate cortex (PCC) compared to ASD group. ASD group
also showed increased activation in the PCC compared
to controls. No between-group differences were found
for crying sounds and happy faces. For disgusted faces,
psychopathy group showed reduced activation in MCC
compared to controls (data not shown). Subcortical BOLD
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Fig. 3. Brain responses to angry and disgusted faces. A) Responses to angry and disgusted faces separately for each group. B) Between-group differences
in responses to angry and disgusted faces. Data are thresholded at P < 0.05 with FDR cluster-level correction.

activity in the amygdala, insula, and striatum did not
show between-group differences in the tasks.

Discussion
Incarcerated offenders with psychopathic traits and
patients with high-functioning autism showed both
common and unique alterations in the brain responses to
positive and negative facial and vocal social communica-
tive signals. Compared with controls, offenders showed
lowered brain activation toward all communicative
signals except for crying sounds. Weaker activity was
observed in somatosensory, motor, and CC. This effect
was less pronounced in the patients with ASD and was
observed primarily for laughter and disgusted facial
expressions. Direct comparison between psychopathic
offenders and patients with ASD revealed that the
somatomotor responses were weaker in offenders. Alto-
gether, our data show that alterations in somatomotor
processing of emotional signals is a common charac-
teristic of criminal psychopathy and autism, yet the
degree and specificity of these alterations distinguishes
between these two groups. The higher overall degree of
alterations in the psychopathic offenders might explain
this phenotype manifested by both lacking the ability to
relate with others as well as violent behavior.

Our main finding was that somatomotor “mirroring”
of vocal and facial emotional expressions was altered

in both criminal offenders and participants with ASD
and that the somatosensory and motor responses to
emotional signals were more reduced in the criminal
offenders than in the ASD group. This accords with pre-
vious studies that have found reduced brain activation
during passive observation of others’ distress (Meffert
et al. 2013) or affective memory tasks (Kiehl et al. 2001)
in participants with psychopathic traits. Psychopathic
offenders also show less behavioral contagion of laugh-
ing and yawning (Hagenmuller et al. 2012), and recent
structural imaging study demonstrated that both crim-
inal psychopathy as well as psychopathy-like traits in
healthy controls are associated with lower volume in the
somatosensory cortices (Nummenmaa et al. 2021).

Seeing others in a particular emotional state often
triggers automatically the corresponding behavioral and
somatic representation of that emotional state in the
observer (Dimberg and Thunberg 1998; Wild et al. 2001).
Neuroimaging studies have confirmed that such somato-
motor contagion of emotions is subserved by common
neural activation for the perception and experience of
states, such as pain (Singer et al. 2004; Jackson et al.
2005; Saarela et al. 2007), disgust (Wicker et al. 2003), and
pleasure (Jabbi et al. 2007), allowing to “tune in” or “sync”
with other individuals (Keysers et al. 2010; Nummenmaa
et al. 2012). Furthermore, damage to somatosensory cor-
tex (Adolphs et al. 2000) and their inactivation by tran-
scranial magnetic stimulation (Pourtois et al. 2004) also
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Fig. 4. Region-of interest analysis for laughter (A) and angry faces (B). Between group comparisons were conducted using student’s t-test, with
significance levels marked: ∗P < 0.05, ∗∗∗P < 0.01. motor = combined region of M1, M2, S1, and S2; data involved both hemispheres.

impair recognition of emotions from facial expressions.
The widespread aberrant responsivity of the somatosen-
sory cortex in psychopathic offenders may explicate their
asocial character, lack of empathy, and egotistical traits
(Cooke and Michie 2001). As mirroring of others’ emo-
tions and particularly distress plays a crucial role in
empathy and inhibition of violent behavior (Blair 2001;
Karjalainen et al. 2017), impaired somatic and motor
contagion of others’ emotions may render psychopaths
susceptible to antisocial behavior and violence.

The participants with ASD also had lowered somato-
motor responses to emotional signals, although this
effect was less profound than in the offenders. Prior
work shows that autistic individuals have difficulties in
recognizing specific emotions (Clark et al. 2008; Harms
et al. 2010; Uljarevic and Hamilton 2013) as well as
difficulties in automatic mimicking facial expressions
(McIntosh et al. 2006; Oberman et al. 2009). Some
studies have also shown that patients with ASD have
deficient motor intention understanding ability, which is
possibly linked with aberrant motor cognition (Cattaneo
et al. 2007; Boria et al. 2009; Casartelli et al. 2016).
In line with these studies, functional neuroimaging
experiments show that high-functioning autism hinders
the brain from synchronizing with those of others
while viewing naturalistic social interaction, which is

indicative of aberrant automatic tuning in with others’
mental states (Hasson et al. 2009; Salmi et al. 2013). The
present data highlight how the aberrant activity of the
somatosensory and motor cortices may also contribute
to these impairments.

Although both psychopathy and ASD groups showed,
in general, reduced responses to the vocal and facial
emotional expressions, the specific patterns of these
alterations differed across the groups. Overall, the
emotional expressions evoked weaker responses in
the psychopathic than autistic individuals, and for
all facial expressions, this effect was observed in the
primary somatosensory, primary, and supplementary
motor cortices. Because motor responses to social
communicative signals are fundamental for establishing
social bonds between individuals (Iacoboni et al. 2005;
Keysers and Gazzola 2007) and are important for the
formation of empathic responses (Gallese 2001; Leslie
et al. 2004; Warren et al. 2006), the present observed
aberrant motor contagion may reflect the shared
component of the socioemotional deficits in autism
and psychopathy. Laughter expressions elicited to large-
scale deactivation outside the auditory cortices only in
offenders. Laugher is a universally recognized prosocial
signal that is used for bonding purposes, rather than an
expression of positive emotional state (Scott et al. 2014),
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and many of the characteristics defining psychopathy
are related to abnormal socioemotional interaction. It
is thus possible that the aberrant neural responses to
bonding signals, such as laughter, could link with the
antisocial traits in psychopathy. Additionally, for angry
faces, the difference between psychopathy and ASD
groups was markedly widespread, with psychopathy
group showing significantly reduced responses across
the medial and lateral frontal cortices in comparison
with the autistic patients. These data suggest that
autism-associated hypersensitivity of the neural systems
responding to anger and hyposensitivity to prosocial
cues, such as laugher, may explain the distinct patterns
of social interaction and communication deficits in
psychopathy and autism.

The current study also bears limitations. Although
we aimed at recruiting prisoner volunteers not using
antipsychotics, antidepressants, or anxiolytics, it was
not possible to recruit a completely drug-naive sample.
The convicted offenders and healthy controls and
participants with ASD also differ from each other
regarding the available quality and quantity of social
interaction, leisure time activities, education levels,
and so forth. Ideally, this kind of study should thus
also involve a forensic but nonpsychopathic sample.
Despite of these mentioned limitations, however, our
reported between-group differences were supported by
the control analysis based on cautiously trusted common
measures. Our data are cross-sectional in nature and
cannot resolve the potential causal link between the
functional alterations and psychopathy and autism.
Further, because our focus was on criminal psychopathy,
we decided against completing the laborious and time-
consuming PCL-R protocol for the healthy and nonin-
carcerated sample. We only included male participants
in the current study and findings may not generalize to
females.

In summary, our findings suggest that aberrant neural
activity in somatomotor areas may be a common mech-
anism underlying the asocial behavior in psychopathy
and autism, while its severity and selectivity in response
to different types of social communicative signals set
these disorders apart. These data suggest that distinct
conditions associated with social information process-
ing abnormalities might share common neurobiological
substrates despite distinct behavioral and clinical phe-
notypes.

Acknowledgments
We thank director Juhani Järvi and other staff members
of Turku Prison who made it possible to safely guard and
transport the inmates during the neuroimaging.

Supplementary material
Supplementary material is available at Cerebral Cortex
Journal online.

Funding
The study was supported by the Academy of Finland
(grants no. 294897 and 332225), and Valon Vuoksi Foun-
dation (grants to L.S. and L.L.). L.S. is personally supported
by the Turku Collegium for Science and Medicine, Univer-
sity of Turku.

Conflict of interest statement. None declared.

References

Adolphs R, Damasio H, Tranel D, Cooper G, Damasio AR. A role
for somatosensory cortices in the visual recognition of emotion
as revealed by three-dimensional lesion mapping. J Neurosci.
2000:20:2683–2690.

Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E.
The autism-spectrum quotient (AQ): evidence from asperger
syndrome/high-functioning autism, males and females, scien-
tists and mathematicians. J Autism Dev Disord. 2001:31:5–17.

Battle DE. Diagnostic and statistical manual of mental disorders
(DSM). CoDAS. 2013:25:191–192.

Bishop DVM, Maybery M, Maley A, Wong D, Hill W, Hallmayer J.
Using self-report to identify the broad phenotype in parents
of children with autistic spectrum disorders: a study using the
autism-spectrum quotient. J Child Psychol Psychiatry Allied Discip.
2004:45:1431–1436.

Blair RJR. Neurocognitive models of aggression, the antisocial per-
sonality disorders, and psychopathy. J Neurol Neurosurg Psychiatry.
2001:71:727–731.

Boria S, Fabbri-Destro M, Cattaneo L, Sparaci L, Sinigaglia C, Santelli
E, Cossu G, Rizzolatti G. Intention understanding in autism. PLoS
One. 2009:4.

Brett M, Anton J-LL, Valabregue R, Poline J-B. Region of interest
analysis using an SPM toolbox. NeuroImage. 2002:16:497.

Casartelli L, Molteni M, Ronconi L. So close yet so far: motor anoma-
lies impacting on social functioning in autism spectrum disorder.
Neurosci Biobehav Rev. 2016:63:98–105.

Cattaneo L, Fabbri-Destro M, Boria S, Pieraccini C, Monti A, Cossu
G, Rizzolatti G. Impairment of actions chains in autism and its
possible role in intention understanding. Proc Natl Acad Sci U S A.
2007:104:17825–17830.

Clark TF, Winkielman P, McIntosh DN. Autism and the extraction of
emotion from briefly presented facial expressions: stumbling at
the first step of empathy. Emotion. 2008:8:803–809.

Contreras-rodríguez O, Pujol J, Batalla I, Harrison BJ, Bosque J, Ibern-
regàs I, Hernández-ribas R, Soriano-mas C, Deus J, López-solà
M, et al. Disrupted neural processing of emotional faces in psy-
chopathy. Soc Cogn Affect Neurosci. 2014:9:505–512.

Contreras-Rodríguez O, Pujol J, Batalla I, Harrison BJ, Soriano-Mas
C, Deus J, López-Solà M, Macià D, Pera V, Hernández-Ribas R,
et al. Functional connectivity bias in the prefrontal cortex of
psychopaths. Biol Psychiatry. 2015:78:647–655.

Cooke DJ, Michie C. Refining the construct of psychopathy: towards
a hierarchical model. Psychol Assess. 2001:13:171–188.

Decety J, Skelly LR, Kiehl KA. Brain response to empathy-eliciting
scenarios involving pain in incarcerated individuals with psy-
chopathy. JAMA Psychiat. 2013:70:638–645.

Dimberg U, Thunberg M. Rapid facial reactions to emotional facial
expressions. Scand J Psychol. 1998:39:39–45.

Dolan MC, Fullam RS. Psychopathy and functional magnetic res-
onance imaging blood oxygenation level-dependent responses

D
ow

nloaded from
 https://academ

ic.oup.com
/cercor/advance-article/doi/10.1093/cercor/bhac072/6553595 by Turun Yliopiston Kirjasto user on 09 June 2022

https://academic.oup.com/cercor/article-lookup/doi/10.1093/cercor/bhac072#supplementary-data


10 | Cerebral Cortex, 2022

to emotional faces in violent patients with schizophrenia. Biol
Psychiatry. 2009:66:570–577.

Eickhoff SB, Stephan KE, Mohlberg H, Grefkes C, Fink GR, Amunts K,
Zilles K. A new SPM toolbox for combining probabilistic cytoarchi-
tectonic maps and functional imaging data. NeuroImage. 2005:25:
1325–1335.

Eickhoff SB, Schleicher A, Zilles K, Amunts K. The human parietal
operculum. I. Cytoarchitectonic mapping of subdivisions. Cereb
Cortex. 2006:16:254–267.

Ermer E, Cope LM, Nyalakanti PK, Calhoun VD, Kiehl KA. Aberrant
paralimbic gray matter in criminal psychopathy. J Abnorm Psychol.
2012:121:649–658.

Esteban O, Markiewicz CJ, Blair RW, Moodie CA, Isik AI, Erramuzpe A,
Kent JD, Goncalves M, DuPre E, Snyder M, et al. fMRIPrep: a robust
preprocessing pipeline for functional MRI. Nat Methods. 2019:16:
111–116.

Fonov V, Evans A, McKinstry R, Almli C, Collins D. Unbiased non-
linear average age-appropriate brain templates from birth to
adulthood. NeuroImage. 2009:47:S102.

Gallese V. The “shared manifold” hypothesis: from mirror neurons to
empathy. J Conscious Stud. 2001:8:33–50.

Geyer S. The microstructural border between the motor and the
cognitive domain in the human cerebral cortex. Adv Anat Embryol
Cell Biol. 2004:174:1–89.

Geyer S, Schormann T, Mohlberg H, Zilles K. Areas 3a, 3b, and 1 of
human primary somatosensory cortex. 2. Spatial normalization
to standard anatomical space. NeuroImage. 2000:11:684–696.

Glerean E, Pan RK, Salmi J, Kujala R, Lahnakoski JM, Roine U,
Nummenmaa L, Leppämäki S, Nieminen-von Wendt T, Tani P,
Saramäki J, Sams M, Jääskeläinen IP. Reorganization of function-
ally connected brain subnetworks in high-functioning autism.
Hum Brain Mapp. 2016:37:1066–1079.

Grefkes C, Geyer S, Schormann T, Roland P, Zilles K. Human
somatosensory area 2: observer-independent cytoarchitectonic
mapping, interindividual variability, and population map. Neu-
roImage. 2001:14:617–631.

Hagenmuller F, Rössler W, Endrass J, Rossegger A, Haker
H. Empathische Resonanzfähigkeit bei Straftätern mit
psychopathischen Persönlichkeitszügen. Neuropsychiatrie.
2012:26:65–71.

Hare RD. The Hare psychopathy checklist— revised. 2nd ed. Toronto:
Multi-Health Systems; 2003.

Harms MB, Martin A, Wallace GL. Facial emotion recognition in
autism spectrum disorders: a review of behavioral and neu-
roimaging studies. Neuropsychol Rev. 2010:20:290–322.

Hasson U, Avidan G, Gelbard H, Vallines I, Harel M, Minshew N,
Behrmann M. Shared and idiosyncratic cortical activation pat-
terns in autism revealed under continuous real-life viewing con-
ditions. Autism Res. 2009:2:220–231.

Hatfield E, Cacioppo JT, Rapson RL. Emotional contagion, emotional
contagion. Cambridge, England: Cambridge University Press; 1993

Iacoboni M, Molnar-Szakacs I, Gallese V, Buccino G, Mazziotta JC.
Grasping the intentions of others with one’s own mirror neuron
system. PLoS Biol. 2005:3:0529–0535.

Im DS. Template to perpetrate: an update on violence in autism
spectrum disorder. Harv Rev Psychiatry. 2016:24:14–35.

Jabbi M, Swart M, Keysers C. Empathy for positive and negative
emotions in the gustatory cortex. NeuroImage. 2007:34:1744–1753.

Jackson PL, Meltzoff AN, Decety J. How do we perceive the pain of
others? A window into the neural processes involved in empathy.
NeuroImage. 2005:24:771–779.

Jones AP, Happé FGE, Gilbert F, Burnett S, Viding E. Feeling, caring,
knowing: different types of empathy deficit in boys with psycho-

pathic tendencies and autism spectrum disorder. J Child Psychol
Psychiatry. 2010:51:1188–1197.

Jüriloo A, Lauerma H, Holmalahti T, Tyni S, Aarnio J, Viitanen P,
Wuolijoki T, Mattila A, Lintonen T, Joukamaa M, et al. Psycho-
pathic traits in a representative sample of Finnish male prisoners.
Nord J Psychiatry. 2014:68:117–122.

Kanne SM, Mazurek MO. Aggression in children and adolescents with
ASD: prevalence and risk factors. J Autism Dev Disord. 2011:41:
926–937.

Karjalainen T, Karlsson HK, Lahnakoski JM, Glerean E, Nuutila P,
Jääskeläinen IP, Hari R, Sams M, Nummenmaa L. Dissociable
roles of cerebral μ-opioid and type 2 dopamine receptors in
vicarious pain: a combined PET-fMRI study. Cereb Cortex. 2017:27:
4257–4266.

Keysers C, Gazzola V. Integrating simulation and theory of
mind: from self to social cognition. Trends Cogn Sci. 2007:11:
194–196.

Keysers C, Kaas JH, Gazzola V. Somatosensation in social perception.
Nat Rev Neurosci. 2010:11:417–428.

Kiehl KA, Smith AM, Hare RD, Mendrek A, Forster BB, Brink J, Liddle
PF. Limbic abnormalities in affective processing by criminal psy-
chopaths as revealed by functional magnetic resonance imaging.
Biol Psychiatry. 2001:50:677–684.

Kim SY, Choi US, Park SY, Oh SH, Yoon HW, Koh YJ, Im WY, Park
JI, Song DH, Cheon KA, et al. Abnormal activation of the social
brain network in children with autism spectrum disorder: an
fMRI study. Psychiatry Investig. 2015:12:37–45.

Leslie KR, Johnson-Frey SH, Grafton ST. Functional imaging of face
and hand imitation: towards a motor theory of empathy. NeuroIm-
age. 2004:21:601–607.

Levenson MR, Kiehl KA, Fitzpatrick CM. Assessing psychopathic
attributes in a noninstitutionalized population. J Pers Soc Psychol.
1995:68:151–158.

Lockwood PL, Bird G, Bridge M, Viding E. Dissecting empathy: high
levels of psychopathic and autistic traits are characterized by
difficulties in different social information processing domains.
Front Hum Neurosci. 2013:7:760.

Lord C, Rutter M, DiLavore P, Risi S, Gotham K, Bishop S. Autism
diagnostic observation schedule. New York: Springer Reference; 2012.

Lord C, Brugha TS, Charman T, Cusack J, Dumas G, Frazier T, Jones
EJH, Jones RM, Pickles A, State MW, et al. Autism spectrum
disorder. Nat Rev Dis Primers. 2020:6(1):23.

Loureiro D, Machado A, Silva T, Veigas T, Ramalheira C, Cerejeira J.
Higher autistic traits among criminals, but no link to psychopa-
thy: findings from a high-security prison in Portugal. J Autism Dev
Disord. 2018:48:3010–3020.

Lozier LM, Vanmeter JW, Marsh AA. Impairments in facial affect
recognition associated with autism spectrum disorders: a meta-
analysis. Dev Psychopathol. 2014:26:933–945.

Marsh AA. The neuroscience of empathy. Curr Opin Behav Sci. 2018:19:
110–115.

Marsh AA, Cardinale EM. Psychopathy and fear: specific impair-
ments in judging behaviors that frighten others. Emotion. 2012:12:
892–898.

McIntosh DN, Reichmann-Decker A, Winkielman P, Wilbarger JL.
When the social mirror breaks: deficits in automatic, but not
voluntary, mimicry of emotional facial expressions in autism. Dev
Sci. 2006:9:295–302.

Meffert H, Gazzola V, Den Boer JA, Bartels AAJ, Keysers C. Reduced
spontaneous but relatively normal deliberate vicarious represen-
tations in psychopathy. Brain. 2013:136:2550–2562.

Müller JL, Gänßbauer S, Sommer M, Döhnel K, Weber T, Schmidt-
Wilcke T, Hajak G. Gray matter changes in right superior tem-

D
ow

nloaded from
 https://academ

ic.oup.com
/cercor/advance-article/doi/10.1093/cercor/bhac072/6553595 by Turun Yliopiston Kirjasto user on 09 June 2022



Lihua Sun et al. | 11

poral gyrus in criminal psychopaths. Evidence from voxel-based
morphometry. Psychiatry Res Neuroimaging. 2008:163:213–222.

Murrie DC, Cornell DG, Kaplan S, McConville D, Levy-Elkon A. Psy-
chopathy scores and violence among juvenile offenders: a multi-
measure study. Behav Sci Law. 2004:22:49–67.

Nummenmaa L, Glerean E, Viinikainen M, Jääskeläinen IP, Hari R,
Sams M. Emotions promote social interaction by synchronizing
brain activity across individuals. Proc Natl Acad Sci U S A. 2012:109:
9599–9604.

Nummenmaa L, Lukkarinen L, Sun L, Putkinen V, Seppälä K, Kar-
jalainen T, Karlsson H, Hudson M, Venetjoki N, Salomaa M, et al.
Brain basis of psychopathy in criminal offenders and general
population. Cereb Cortex. 2021:00:1–11.

O’Nions E, Tick B, Rijsdijk F, Happé F, Plomin R, Ronald A, Viding E.
Examining the genetic and environmental associations between
autistic social and communication deficits and psychopathic
callous-unemotional traits. PLoS One. 2015:10.

O’Nions E, Lima CF, Scott SK, Roberts R, McCrory EJ, Viding E. Reduced
laughter contagion in boys at risk for psychopathy. Curr Biol.
2017:27:3049–3055.e4.

Oberman LM, Winkielman P, Ramachandran VS. Slow echo: facial
EMG evidence for the delay of spontaneous, but not voluntary,
emotional mimicry in children with autism spectrum disorders.
Dev Sci. 2009:12:510–520.

Ogai M, Matsumoto H, Suzuki K, Ozawa F, Fukuda R, Uchiyama I,
Suckling J, Isoda H, Mori N, Takei N. fMRI study of recognition of
facial expressions in high-functioning autistic patients. Neurore-
port. 2003:14:559–563.

Parkes L, Fulcher B, Yücel M, Fornito A. An evaluation of the
efficacy, reliability, and sensitivity of motion correction strate-
gies for resting-state functional MRI. NeuroImage. 2018:171:
415–436.

Pourtois G, Sander D, Andres M, Grandjean D, Reveret L, Olivier E,
Vuilleumier P. Dissociable roles of the human somatosensory and
superior temporal cortices for processing social face signals. Eur
J Neurosci. 2004:20:3507–3515.

Pruim RHR, Mennes M, Buitelaar JK, Beckmann CF. Evaluation of ICA-
AROMA and alternative strategies for motion artifact removal in
resting state fMRI. NeuroImage. 2015:112:278–287.

Raine A. Antisocial personality as a neurodevelopmental disorder.
Annu Rev Clin Psychol. 2018:14:259–289.

Saarela MV, Hlushchuk Y, Williams ACDC, Schürmann M, Kalso E,
Hari R. The compassionate brain: humans detect intensity of pain
from another’s face. Cereb Cortex. 2007:17:230–237.

Salmi J, Roine U, Glerean E, Lahnakoski J, Nieminen-Von Wendt T,
Tani P, Leppämäki S, Nummenmaa L, Jääskeläinen IP, Carlson
S, et al. The brains of high functioning autistic individuals do
not synchronize with those of others. NeuroImage Clin. 2013:3:
489–497.

van der Schalk J, Hawk ST, Fischer AH, Doosje B. Moving faces,
looking places: validation of the Amsterdam Dynamic Facial
Expression Set (ADFES). Emotion. 2011:11:907–920.

Scott SK, Lavan N, Chen S, McGettigan C. The social life of laughter.
Trends Cogn Sci. 2014:18:618–620.

Singer T, Seymour B, O’Doherty J, Kaube H, Dolan RJ, Frith CD. Empa-
thy for pain involves the affective but not sensory components of
pain. Science (80-). 2004:303:1157–1162.

Spitzer RL, Williams JBW, Gibbon M, First MB. The structured clinical
interview for DSM-III-R (SCID): I: history, rationale, and descrip-
tion. Arch Gen Psychiatry. 1992:49:624–629.

Tiihonen J, Rossi R, Laakso MP, Hodgins S, Testa C, Perez J, Repo-
Tiihonen E, Vaurio O, Soininen H, Aronen HJ, et al. Brain anatomy
of persistent violent offenders: more rather than less. Psychiatry
Res Neuroimaging. 2008:163:201–212.

Tiihonen J, Koskuvi M, Lähteenvuo M, Virtanen PLJ, Ojansuu I, Vaurio
O, Gao Y, Hyötyläinen I, Puttonen KA, Repo-Tiihonen E, et al.
Neurobiological roots of psychopathy. Mol Psychiatry. 2020:25:
3432–3441.

Tzourio-Mazoyer N, Landeau B, Papathanassiou D, Crivello F, Etard
O, Delcroix N, Mazoyer B, Joliot M. Automated anatomical labeling
of activations in SPM using a macroscopic anatomical parcella-
tion of the MNI MRI single-subject brain. NeuroImage. 2002:15:
273–289.

Uljarevic M, Hamilton A. Recognition of emotions in autism: a formal
meta-analysis. J Autism Dev Disord. 2013:43:1517–1526.

Vecera SP, Marron MA. Book Review: Mindblindness: An essay on
autism and theory of mind. Q J Exp Psychol Sect A. 1996:49:
519–522.

Volynets S, Smirnov D, Saarimaki H, Nummenmaa L. Statistical
pattern recognition reveals shared neural signatures for display-
ing and recognizing specific facial expressions. Soc Cogn Affect
Neurosci. 2020:15:803–813.

Warren JE, Sauter DA, Eisner F, Wiland J, Dresner MA, Wise RJS, Rosen
S, Scott SK. Positive emotions preferentially engage an auditory-
motor “mirror” system. J Neurosci. 2006:26:13067–13075.

Wicker B, Keysers C, Plailly J, Royet JP, Gallese V, Rizzolatti G. Both
of us disgusted in my insula: the common neural basis of seeing
and feeling disgust. Neuron. 2003:40:655–664.

Wild B, Erb M, Bartels M. Are emotions contagious? Evoked emotions
while viewing emotionally expressive faces: quality, quantity,
time course and gender differences. Psychiatry Res. 2001:102:
109–124.

Wilson M. Without conscience: The disturbing world of the psy-
chopaths among us. In: Hare RD, editors. Criminal justice and
behavior. New York (NY): Guilford Press; 1994

Yang Y, Raine A, Narr KL, Colletti P, Toga AW. Localization of defor-
mations within the amygdala in individuals with psychopathy.
Arch Gen Psychiatry. 2009:66:986–994.

D
ow

nloaded from
 https://academ

ic.oup.com
/cercor/advance-article/doi/10.1093/cercor/bhac072/6553595 by Turun Yliopiston Kirjasto user on 09 June 2022


	 Aberrant motor contagion of emotions in psychopathy and high-functioning autism
	Introduction
	Methods
	Results
	Discussion
	 Acknowledgments
	Supplementary material
	Funding


