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Objective: Psychopathy is a personality
disorder associated with severely antiso-
cial behavior and a host of cognitive and
affective deficits. The neuropathological
basis of the disorder has not been clearly
established. Cortical thickness is a sensitive
measure of brain structure that has been
used to identify neurobiological abnormal-
ities in @ number of psychiatric disorders.
The authors assessed cortical thickness
and corresponding functional connectivity
in psychopathic prison inmates.

Method: Using Ty MRI data, the authors
computed cortical thickness maps in a
sample of adult male prison inmates se-
lected on the basis of psychopathy diag-
nosis (21 psychopathic inmates and 31
nonpsychopathic inmates). Using resting-
state functional MRI data from a subset of
these inmates (20 psychopathic inmates

and 20 nonpsychopathic inmates), the
authors then computed functional con-
nectivity within networks exhibiting sig-
nificant thinning among psychopaths.

Results: Relative to nonpsychopaths, psy-
chopaths had significantly thinner cortex
in a number of regions, including the left
insula and dorsal anterior cingulate cor-
tex, the left and right precentral gyri, the
left and right anterior temporal cortices,
and the right inferior frontal gyrus. These
neurostructural differences were not due
to differences in age, 1Q, or substance use.
Psychopaths also exhibited a correspond-
ing reduction in functional connectivity
between the left insula and the left dorsal
anterior cingulate cortex.

Conclusions: Psychopathy is associated

with a distinct pattern of cortical thinning
and reduced functional connectivity.

(Am ] Psychiatry 2012; 169:743-749)

Psychopathy, characterized by callous and impulsive
antisocial behavior, is present in roughly a quarter of adult
prison inmates and is associated with a disproportionate-
ly high incidence of violent crime and recidivism (1). The
identification of neural correlates of the disorder could
thus have profound implications for the clinical and legal
management of psychopathic criminals as well as for our
basic understanding of the biological substrates under-
lying human social behavior. However, the collection of
neuroimaging data from psychopaths involves a number
oflogistical and methodological challenges—psychopaths
are difficult to identify and recruit outside of the criminal
justice system, and prison inmates are typically not easily
accessible for neuroimaging studies. As a result of these
barriers, imaging studies of psychopaths have commonly
been beset by inadequate sample sizes, substandard sub-
ject assessments and classification, poorly matched com-
parison subjects, and (predictably) limited convergence of
findings (2). In this study, we overcame these major limita-
tions by using a mobile MRI scanner in a correctional fa-
cility. We collected MRI data from a relatively large sample
of well-characterized prison inmates to identify structural

and functional differences between psychopathic and
nonpsychopathic offenders’ brains.

Given the complex psychological profile of psycho-
paths, researchers have proposed a role for dysfunction
in a number of cortical and subcortical regions (3, 4). In
addition to well-documented deficits in basic emotional
responsiveness, which perhaps suggest dysfunction in
subcortical structures such as the amygdala (5) and the
ventral striatum (6), psychopathy is also associated with
abnormalities in higher-order cognitive functions, such as
attentional control (7, 8), reversal learning (9), and linguis-
tic processing (10). This constellation of deficits suggests
dysfunction in frontotemporal cortical areas, particularly
the orbitofrontal cortex, ventromedial prefrontal cortex,
anterior cingulate cortex, insula, and anterior temporal
cortex. Our aim in this study was to assess cortical brain
structure and corresponding function in psychopathy.

In recent years, the measurement of cortical thickness
has been proven as an effective means of identifying neu-
ral correlates of psychiatric disorders. For example, dis-
tinct regional patterns of cortical thinning have been asso-
ciated with depression (11), posttraumatic stress disorder
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TABLE 1. Demographic and Clinical Characteristics of Psychopathic and Nonpsychopathic Participants in a Study of Corti-

cal Thickness

Variable Nonpsychopaths (N=31) Psychopaths (N=21) p
Mean SD Mean SD
Age 321 7.7 32.7 6.7 0.77
1Q? 101.7 12.3 100.1 10.3 0.64
Digit span backward score 6.9 2.0 6.8 33 0.90
Anxiety/negative affect score® 11.0 9.3 14.0 8.6 0.25
Psychopathy
Psychopathy Checklist—Revised
Total score 13.5 4.0 31.8 1.7 <0.001
Factor 1 score 4.6 2.2 11.8 1.7 <0.001
Factor 2 score 7.1 3.2 17.2 1.4 <0.001
% N % N
White 93.5 29 76.2 16 0.19
Right-handed 93.5 29 95.2 20 0.99
Substance abuse
Alcohol 38.7 12 57.1 12 0.26
Cannabis 25.8 8 52.4 11 0.08
Cocaine 12.9 4 333 7 0.10
Stimulants 6.5 2 19.0 4 0.21
Opioids 9.7 3 333 7 0.07
Sedatives 3.2 1 9.5 2 0.56
Hallucinogens 3.2 1 23.8 5 0.03

@ Based on the Shipley Institute of Living Scale (17).
b Based on the Welsh Anxiety Scale (18).

(12), autism (13), schizophrenia (14), and subclinical trait
anxiety (15). Here, we demonstrate a characteristic pat-
tern of cortical thinning in psychopathy, as well as a cor-
responding deficit in functional connectivity.

Method

Participants

Participants were adult male inmates recruited from a medi-
um-security correctional facility in Wisconsin. Eligible inmates
had to be under 45 years of age, have an IQ >70, and have no his-
tory of psychosis or bipolar disorder, and they could not currently
be taking psychotropic medications. Informed consent was ob-
tained both orally and in writing. During the consent procedure,
it was emphasized to the inmates that their participation in the
study was voluntary, that they may refuse participation at any
time, and that their decision to participate would not be record-
ed in their prison file, nor would it in any way affect their status
within the correctional system. To protect confidentiality, each
inmate’s data were associated with a unique numerical code un-
related to correctional system codes. Inmates were paid approxi-
mately $7 per hour for their participation. Of the 57 inmates who
were invited to participate in the study (all previously assessed as
psychopathic or nonpsychopathic, as described below), 52 pro-
vided consent and participated.

The Psychopathy Checklist-Revised (PCL-R) (1) was used to
assess psychopathy. The PCL-R assessment involves a 60- to
90-minute interview and file review to obtain information used to
assess 20 psychopathy-related items with ratings of 0, 1, or 2, de-
pending on the degree to which each trait characterizes the indi-
vidual. A substantial body of literature supports the reliability and
validity of PCL-R assessments with incarcerated offenders (1). To
evaluate interrater reliability, a second rater who was present dur-
ing interviews provided independent PCL-R ratings for eight in-
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mates; the intraclass correlation coefficient was 0.85. PCL-R factor
1 and 2 scores were computed according to procedures outlined
in the PCL-R manual (1). Substance use disorders were assessed
with the Structured Clinical Interview for DSM-IV Disorders (16).

Participant Groups

Participants were recruited for this study based on their PCL-R
scores. Psychopathic inmates had PCL-R scores of 30 or greater,
while nonpsychopathic inmates had PCL-R scores of 20 or less
(1). (The use of these cut scores affords clear distinction between
high and low levels of psychopathy but precludes the correlation
of imaging data with PCL-R factor or facet scores, which would
require a more continuous range of PCL-R scores.) The character-
istics of the two groups are summarized in Table 1.

MRI Data Collection

All MRI data were acquired using the Mind Research Network’s
Siemens 1.5-T Avanto Mobile MRI System with advanced SQ gra-
dients (maximum slew rate=200 T/m/sec, vector summation=346
T/m/sec, rise time=200 psec) equipped with a 12-element head
coil. Head motion was limited by padding and restraint. All pris-
oners underwent scanning on correctional facility grounds.

A high-resolution T;-weighted structural image was acquired
for each subject using a four-echo magnetization-prepared rapid
gradient-echo sequence (TR=2530 msec; TE=1.64, 3.5, 5.36, 7.22
msec; flip angle=7°, field of view=256x256 mm, matrix=128x128,
slice thickness=1.33 mm, no gap, voxel size=1x1x1.33 mm, 128
interleaved sagittal slices). All four echoes were averaged into a
single high-resolution image.

Resting-state functional images were collected while subjects
lay still and awake, passively viewing a fixation cross. T,*-weight-
ed gradient-echo echoplanar functional images (EPIs) were ac-
quired with the following parameters: TR=2000 msec, TE=39
msec, flip angle=75° field of view=24x24 cm, matrix=64x64,
slice thickness=4 mm, gap=1 mm, voxel size=3.75x3.75x5 mm,
27 sequential axial oblique slices. Resting-state scans lasted 5.5
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minutes (158 volumes). Resting-state functional MRI (fMRI) data
were available for a subset of 20 psychopathic inmates and 20
nonpsychopathic inmates.

Measurement of Cortical Thickness

The averaged T,-weighted images were processed using Free-
Surfer, version 5.0 (www.nmr.mgh.harvard.edu/freesurfer), as
previously described (19). Briefly, the automated procedure
includes skull-stripping, registration, intensity normalization,
Talairach transformation, tissue segmentation, and surface tes-
sellation. The pial surface of each hemisphere was computed by
deforming the tessellated white matter surface outward toward
the gray matter-CSF boundary. The distance between the white
matter surface and pial surface yields an estimate of cortical
thickness at each vertex. This method of estimating the thickness
of the cortex has been validated histologically (20) and by manual
measurement on MRI sections (21).

The reconstructed cortical surfaces for each participant were
then aligned to produce an average cortical surface. A mapping
was thus obtained between each vertex on the average surface
and the corresponding vertex on the surface of each subject’s
cortical reconstruction. The cortical thickness maps for each sub-
ject were then resampled onto the average surface and smoothed
with a 10-mm full width at half maximum Gaussian kernel.

Statistical Analysis of Cortical Thickness

For each group (psychopaths and nonpsychopaths), we com-
puted a linear model of cortical thickness as a function of age at
every vertex on the surface. Parametric maps derived from this
between-group comparison of cortical thickness, while regress-
ing out the effect of age, were overlain on the average cortical
surface. Next, an automatic clustering algorithm was applied to
segregate all points on the average cortical surface with an un-
corrected p threshold of 0.01 into clusters and then to compute a
cluster-wise p value correction by means of a Monte Carlo simu-
lation to determine clusters with a corrected cluster-wise signifi-
cance threshold of 0.05.

fMRI Data Processing

Preprocessing. All fMRI data analysis was performed using
AFNI (22) and FSL (www.fmrib.ox.ac.uk/fsl/). EPI volumes were
slice time corrected using the first slice as a reference (sequential
acquisition, Fourier interpolation) and motion corrected by rigid
body alignment to the first EPI acquisition. Any subject with mo-
tion greater than 4 mm in any direction was excluded from fur-
ther analysis. The first three volumes were omitted from the EPI
time series, and the data were despiked to remove extreme time-
series outliers. Time-series data were band-pass filtered (0.009
< F < 0.08) before spatial smoothing with a 4-mm full width at
half maximum Gaussian kernel. EPI time-series data and high-
resolution T; images were normalized to the Talairach coordinate
system using a 12-parameter linear warp, and the EPI data were
resampled to 3-mm? voxels for subsequent functional connectiv-
ity analyses. Normalized T, anatomical images were segmented
into gray matter, white matter, and CSF segments using FAST in
FSL (23). White matter and CSF segments were used as masks to
extract a representative time series from each tissue type.

Region of interest selection and correlation analysis.
The cortical thickness analysis revealed a total of 13 areas of sig-
nificant thinning among psychopaths (see the Results section).
Among these 13 areas, three pairs of areas normally exhibit signif-
icant functional connectivity (within the pair): the right and left
precentral gyri (24), the right and left temporal poles (25), and the
left insula and left dorsal anterior cingulate cortex (26, 27). To cal-
culate functional connectivity within each of these pairs, we first
constructed seed regions of interest at the site of the maximum
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FIGURE 1. Areas of Significantly Thinner Cortex in Psycho-

paths?
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2p<0.01, uncorrected. The color bar indicates p value.

p value for cortical thinning in each area. We next constructed an-
atomical masks for the corresponding region within the pair (e.g.,
the seed in the right precentral gyrus was paired with a mask in
the left precentral gyrus, and vice versa). The masks were created
using the Harvard-Oxford anatomical atlas included in FSL (28).
For the left dorsal anterior cingulate mask, the original anterior
cingulate mask from the Harvard-Oxford atlas was edited in FSL
to exclude the subgenual anterior cingulate. Functional connec-
tivity was assessed by computing correlations within each mask
for the mean time series derived separately from the correspond-
ing seed region of interest. The mean time series was included in
a generalized linear model with eight regressors of no interest,
including six motion parameters (three translations and three ro-
tations) obtained from the rigid body alignment of EPI volumes,
the ventricular time series acquired by averaging across the CSF
mask, the white matter time series acquired by averaging across
the white matter mask, and a second-order polynomial to model
baseline signal and slow drift. Voxel-wise correlation coefficients
for each region of interest were converted to z-scores via Fisher’s
r-to-z transform, and the resulting z-score maps were entered
into second-level statistical analyses.

Statistical analysis of correlation maps. To compare func-
tional connectivity between psychopathic and nonpsychopathic
inmates, we performed unpaired two-sample t tests on the z-
score maps derived from each seed/mask pair. Group difference
maps were corrected for multiple comparisons using cluster-
extent thresholding at an uncorrected p<0.005, a=0.05. Cluster
extents were computed using Monte Carlo simulations imple-
mented in the 3dClustSim program in AFNI. Group correlation
maps were overlaid on the normalized mean anatomical image.
All coordinates are reported in Talairach space.

Results

Psychopathic inmates had significantly thinner cortex
than nonpsychopaths in a number of areas (Figure 1 and
Figure 2, Table 2).

The largest and most significant clusters were in the left
insula, the left dorsal anterior cingulate cortex, the left and
right precentral gyri, the left and right temporal poles, and
the right inferior frontal gyrus. There were no areas where
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FIGURE 2. Clusters of Significantly Thinner Cortex in Psy-
chopaths?

Lateral

Medial

4p<0.05, corrected. Each color represents a distinct cluster. Numer-
als refer to cluster numbers in Table 2.

nonpsychopaths had significantly thinner cortex than
psychopaths.

Given that psychopaths had a somewhat higher rate of
substance use disorder than nonpsychopaths in our sam-
ple (Table 1), we performed a follow-up analysis to deter-
mine whether any of the observed differences in cortical
thickness between psychopaths and nonpsychopaths
could be due to differences in rates of substance use dis-
order. We grouped inmates on the basis of substance use
disorder diagnosis: inmates with a substance use disorder
diagnosis (N=26) compared with those without (N=26).
Using the same statistical criteria as the psychopath ver-
sus nonpsychopath group analysis, we found no areas of
significantly different cortical thickness between the two
groups of inmates (i.e., no areas survived the cluster-wise
threshold of p<0.05). We therefore conclude that the ob-
served results are in fact due to different levels of psychop-
athy, rather than different rates of substance use disorder.

To determine whether the observed differences in corti-
cal thickness were associated with corresponding reduc-
tions in functional connectivity, we assessed functional
connectivity between three pairs of regions: the right and
left precentral gyri, the right and left temporal poles, and
the left insula and left dorsal anterior cingulate cortex.
Each of these pairs of regions exhibited significantly thin-
ner cortex in psychopaths, and each is known to exhibit
significant functional connectivity in healthy subjects
(24-27). Among these pairs of regions, only the left insula
and left dorsal anterior cingulate cortex had significantly
reduced functional connectivity in psychopaths relative to
nonpsychopaths (Figure 3).
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Discussion

To our knowledge, this study is the first to examine
thickness throughout the entire cortex in a sizable sample
of stringently classified psychopaths (N=21 with a PCL-R
score 230). Relative to nonpsychopathic prison inmates,
psychopaths exhibited discrete areas of significant cortical
thinning. The area of greatest difference in cortical thick-
ness was the left insula. This finding aligns closely with
results from a recent study showing that violent offend-
ers exhibit gray matter volume reductions specifically in
the left anterior insula (relative to nonoffenders matched
for substance use disorder) and that severity of psychopa-
thy is negatively correlated with left insula volume (29).
In addition, a previous study of gray matter structure in
psychopathy identified reductions in the insula, among
other brain regions (30). These convergent results impli-
cate thinning in the insula as a robust neural correlate of
psychopathic behavior.

Interestingly, the insula is strongly interconnected with
a second set of areas in which we also found significant
cortical thinning among psychopaths: the dorsal ante-
rior cingulate cortex and adjacent medial superior frontal
gyrus. Studies of functional connectivity have identified
a circuit comprising principally nodes in the anterior in-
sula/frontal operculum and the dorsal anterior cingulate
cortex/medial superior frontal gyrus (26, 27). Further-
more, the dorsal anterior cingulate cortex/medial superi-
or frontal gyrus and the anterior insula/frontal operculum
are the two areas of the brain with the highest numbers of
von Economo neurons, a cell type that is specifically found
in the great apes and especially humans (31, 32). Based on
the functional and cytological links between these two ar-
eas, we see the corresponding cortical thinning in these
areas as potential evidence for a compromised insula-
dorsal anterior cingulate circuit in psychopathy. In strong
support of this argument, we observed significantly lower
functional connectivity between the left insula and left
dorsal anterior cingulate among psychopaths. Although
the function of this insula-dorsal anterior cingulate circuit
remains to be fully elucidated, fMRI studies suggest a role
in the flexible control of goal-directed behavior via signal-
ing for top-down control (27, 33). It is noteworthy that be-
havioral and psychophysiological studies of psychopaths
have previously demonstrated abnormalities in the flex-
ibility of goal-directed attention (7, 8). Dysfunction in the
insula-dorsal anterior cingulate circuit could conceivably
be a neural correlate of this behavioral characteristic. Fur-
ther work, particularly with measures of task-related func-
tional connectivity in psychopaths, will be necessary to
investigate this hypothesis more directly.

We also observed a robust difference in cortical thick-
ness between psychopaths and nonpsychopaths in the
precentral gyrus bilaterally. Although the precentral gyrus
is primarily known as an area for motor planning and ex-
ecution—and thus is not typically theorized to have any
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TABLE 2. Clusters of Significant Cortical Thinning in Psychopaths

Cluster

Number Hemisphere Location Peak Vertex Talairach (x, v, ) Cluster-wise p Size (mm?)
1 Left Medial superior frontal gyrus -7.9,32.3,36.3 0.049 406.6
2 Left Anterior insula/superior temporal gyrus -40.9,-10.4,-11.3 0.0001 1,589.5
3 Left Fusiform gyrus -35.7,-18.6, -20.4 0.0065 594.1
4 Left Lateral occipital cortex -26.9,-91.8,-6.5 0.0072 585.7
5 Left Precentral gyrus —47.6,-8.3,32.7 0.0001 1,566.4
6 Left Posterior insula/superior temporal gyrus -61.0,-18.0, 2.7 0.0058 603.5
7 Left Dorsal anterior cingulate cortex -5.3,32.0, 16.9 0.0015 714.2

Lateral superior frontal gyrus/middle

8 Left frontal gyrus -23.9, 4.1, 40.8 0.018 498.3
9 Left Temporal pole -46.3, 5.0, -27.1 0.030 453.9
10 Right Precentral gyrus 31.8,-16.4,41.5 0.0004 922.2
11 Right Temporal pole 35.7,14.2,-26.9 0.0023 754.3
12 Right Posterior superior temporal gyrus 55.8,-19.3, 5.8 0.008 645.1
13 Right Inferior frontal gyrus 43.9,36.1,2.5 0.0018 797.4

meaningful role in psychopathy—there is mounting evi-
dence that it may indeed mediate functions germane to
psychopathy. Recent studies have associated precentral gy-
rus activity with impulsivity in juvenile offenders (34), ab-
stract emotional meaning (35), empathy for pain (36), and
value signals during decision making (37). Moreover, thin-
ning in the precentral gyrus has been identified in studies
of individuals with psychopathic characteristics (38, 39).
One study associated violence and antisocial personality
disorder with thinning specifically in the precentral gyrus
(38), while another found a thinner precentral gyrus in a
community sample with relatively high psychopathy scores
(39). In the present study, using a stringent and well-vali-
dated subject classification scheme, we demonstrate bilat-
eral precentral thinning in psychopathic prison inmates.

Another set of areas where we found significant thin-
ning bilaterally was the temporal pole and the superior
temporal gyrus. This finding converges with functional
imaging data showing reduced activity in the anterior
superior temporal lobe in psychopaths during lexical de-
cision making (10) and moral judgment (40), as well as
with a recent voxel-based morphometry study showing
a negative correlation between temporal pole gray mat-
ter volume and psychopathy severity in a large sample
of prison inmates (41). In addition, one previous study
found reduced thickness in the temporal poles bilaterally
in a community sample with relatively high psychopathy
scores (39), while an earlier voxel-based morphometry
study found relatively specific volume reductions in the
temporal poles bilaterally among incarcerated psycho-
paths relative to nonpsychopaths (42). However, the non-
psychopathic comparison group in the latter study was
not matched for incarceration status, IQ, or substance use
history. The present results and those of Ermer et al. (41),
which fully account for these important variables, more
definitively establish a link between psychopathy and
thinning in the temporal pole.

Cortical thinning was also observed in the right inferior
frontal gyrus of psychopaths, consistent with findings of
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FIGURE 3. Reduced Functional Connectivity Between the
Left Anterior Insula and the Left Dorsal Anterior Cingulate
Cortex in Psychopaths?
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2Mean left insula-dorsal anterior cingulate connectivity maps for
nonpsychopaths and psychopaths are shown separately on the
group mean anatomical image, thresholded at a cluster-corrected
p of 0.05. Scale bars depict the uncorrected T-statistic. The group
difference map indicates an area in the dorsal anterior cingulate
where nonpsychopaths have significantly greater connectivity with
the anterior insula than psychopaths (x=—12, y=30, z=20.5; cluster
size=41 voxels).

a previous study (39). Growing evidence suggests a role
for the inferior frontal gyrus in social cognition. Since the
discovery of mirror neurons in the monkey area F5 (the
homologue to the human inferior frontal gyrus) (43), the
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inferior frontal gyrus has been proposed as a potential
neural substrate underlying empathy (44). Indeed, autism,
a neurodevelopmental disorder featuring deficient empa-
thy and impoverished interpersonal affection, is associ-
ated with a lack of “mirror” activity in the inferior frontal
gyrus (45) as well as reduced thickness (46) and volume
(47) of the inferior frontal gyrus. Perhaps the hallmark psy-
chopathic traits of reduced affect and inability to experi-
ence empathy are related to thinning in the right inferior
frontal gyrus.

Finally, we consider how our results relate to two lead-
ing neurobiological models of psychopathy. One promi-
nent model proposes primary dysfunction in a circuit
comprising the amygdala and the ventromedial prefrontal
cortex (3). Although our cortical thickness analysis did not
include subcortical structures such as the amygdala, we
did find thinning in the anterior and superior temporal
cortices, which overlie and densely interconnect with the
amygdala (48, 49). With respect to the ventromedial pre-
frontal cortex, we found limited evidence of cortical thin-
ning among psychopaths; a small area in the right gyrus
rectus was significant at p<0.01 (uncorrected) but did not
survive cluster-wise p<0.05 correction. Reduced thick-
ness in the ventromedial prefrontal cortex may have been
predicted on the basis of recent results from an overlap-
ping inmate sample demonstrating significantly reduced
functional connectivity in that structure in psychopaths
(50). In addition, two previous structural imaging studies
have associated psychopathy with reduced gray matter in
areas adjacent to the ventromedial prefrontal cortex, in-
cluding the frontopolar cortex and the orbitofrontal cortex
(30, 39). The absence of any extensive difference in ven-
tromedial prefrontal cortex thickness in the present study
suggests that psychopathy may not reliably be associated
with a substantial lack of tissue integrity in this structure,
but rather that the ventromedial prefrontal cortex may be
abnormally connected within the psychopathic brain.

A second prominent neuroanatomical model of psy-
chopathy proposes dysfunction in a broader “paralimbic”
network (4). Our data offer mixed support for this model;
several areas of significant thinning were located within
the paralimbic network (e.g., the insula, the dorsal an-
terior cingulate cortex, the temporal pole), while several
areas were not (e.g., the precentral gyrus, the lateral oc-
cipital cortex, the superior frontal gyrus). Future research
with multimodal imaging approaches will be necessary
to more fully evaluate the extent to which either of these
models accurately characterizes the neuropathological
basis of psychopathy.
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