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Linking psychopathy to a specific brain abnormality could have significant clinical, legal, and scientific implications. Theories on the
neurobiological basis of the disorder typically propose dysfunction in a circuit involving ventromedial prefrontal cortex (vmPFC).
However, to date there is limited brain imaging data to directly test whether psychopathy may indeed be associated with any structural or
functional abnormality within this brain area. In this study, we employ two complementary imaging techniques to assess the structural
and functional connectivity of vmPFC in psychopathic and non-psychopathic criminals. Using diffusion tensor imaging, we show that
psychopathy is associated with reduced structural integrity in the right uncinate fasciculus, the primary white matter connection between
vmPFC and anterior temporal lobe. Using functional magnetic resonance imaging, we show that psychopathy is associated with reduced
functional connectivity between vmPFC and amygdala as well as between vmPFC and medial parietal cortex. Together, these data
converge to implicate diminished vmPFC connectivity as a characteristic neurobiological feature of psychopathy.

Introduction
Psychopathy is a neuropsychiatric disorder that imposes a substantial burden on society. Typified by callous and impulsive antisocial behavior, psychopathy is present in approximately a
quarter of adult prison inmates, and it is associated with a
disproportionately high incidence of violent crime and recidivism (Hare, 2003). 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 the basic understanding of the biological substrates
underlying human social behavior. However, consistent and
replicable neural correlates of psychopathy have remained
elusive, due in large part to the methodological and logistical
challenges associated with using neuroimaging to study this
population (Koenigs et al., 2011a).
Systems-level neurobiological models of psychopathy have
focused primarily on limbic and paralimbic structures (Kiehl,
2006) involved in the regulation of emotion and social behavior,
particularly the amygdala and ventromedial prefrontal cortex
(vmPFC) (Blair, 2007, 2008). Perhaps the most compelling support for a central role of vmPFC dysfunction in psychopathy has
emerged from the study of neurological patients with focal
vmPFC lesions. For decades, neurologists have noted that the
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personality changes accompanying vmPFC damage (e.g., lack of
empathy, irresponsibility, and poor decision making) bear
striking resemblance to hallmark psychopathic personality
traits. Indeed, the personality changes associated with vmPFC
damage have been dubbed “pseudopsychopathy” (Blumer and
Benson, 1975) and “acquired sociopathy” (Eslinger and Damasio,
1985). In recent studies, we have addressed this similarity experimentally. Using laboratory decision-making tests, we found that
psychopaths—particularly the low-anxious or “primary” subtype—
perform remarkably similar to vmPFC lesion patients on measures of social economic choice (Koenigs et al., 2010) and
moral judgment (Koenigs et al., 2011b). Together, these data
suggest that vmPFC dysfunction may be a critical neurobiological substrate underlying psychopathy.
Of course, the hypothesized role of vmPFC in psychopathy
depends on the reciprocal interactions between vmPFC and other
cortical and subcortical brain regions involved in affective processing, social cognition, and decision making. Two areas of particular interest in this regard are the amygdala and a medial
parietal area including the precuneus and posterior cingulate cortex (PCC). Both the amygdala and precuneus/PCC are densely
and reciprocally connected with vmPFC (Price, 1999; Barbas,
2000; Raichle et al., 2001; Greicius et al., 2003), and both areas
have been associated with reduced activity in psychopathy (Kiehl
et al., 2001; Glenn et al., 2009). Moreover, the interactions between vmPFC and these areas are thought to subserve key functions related to psychopathy. vmPFC–amygdala interactions are
thought to underlie aspects of emotion regulation, aggression,
and stimulus-reinforcement associations (Davidson et al., 2000;
Milad et al., 2006; Blair, 2008; Delgado et al., 2008), while
vmPFC–precuneus/PCC interactions are thought to underlie aspects of self-reflective processing (Buckner et al., 2008; Qin and
Northoff, 2011). Therefore, investigating the structural and functional connectivity between vmPFC and these brain regions will
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be a key step toward understanding the disordered neural interactions that contribute to psychopathic behavior.
In the present study, we employ two complementary neuroimaging methods to quantify the structural and functional connectivity of vmPFC in psychopathic and non-psychopathic
prison inmates. Using diffusion tensor imaging (DTI), we test the
hypothesis that psychopathy is associated with reduced structural
integrity of the uncinate fasciculus (UF), the primary white matter pathway connecting vmPFC with anterior temporal lobe
structures, including amygdala. Using functional magnetic resonance imaging (fMRI), we test the hypothesis that psychopathy is
associated with lower levels of correlated activity between vmPFC
and interconnected brain structures (amygdala and medial parietal cortex) at rest. For both imaging measures, we conduct
follow-up analyses to determine whether any of the observed
neurobiological differences between psychopaths and nonpsychopaths are driven by a particular subtype of psychopathy
(low-anxious or “primary” vs high-anxious or “secondary”).

Materials and Methods
Participants
Participants were adult male inmates recruited from a medium-security
Wisconsin correctional institution. Inmates were eligible if they met the
following criteria: ⬍45 years of age, IQ ⬎ 70, no history of psychosis or
bipolar disorder, and not currently taking psychotropic medications.
Informed consent was obtained both orally and in writing.
The Psychopathy Checklist-Revised (PCL-R) (Hare, 2003) was used to
assess psychopathy. The PCL-R assessment involves a 60 –90 min interview and file review to obtain information used to rate 20 psychopathyrelated items as 0, 1, or 2, depending on the degree to which each trait
characterizes the individual. A substantial literature supports the reliability and validity of PCL-R assessments with incarcerated offenders (Hare,
2003). To evaluate interrater reliability, a second rater who was present
during interviews provided independent PCL-R ratings for eight inmates. The intraclass correlation coefficient was 0.85. PCL-R Factor 1
and 2 scores were computed following procedures outlined in the PCL-R
manual (Hare, 2003).

Participant groups
Participants were classified as psychopathic if their PCL-R scores were 30
or greater and non-psychopathic if their PCL-R scores were 20 or less
(Hare, 2003). (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.) Following the convention of
previous studies identifying psychopathic subtypes (Arnett et al., 1997;
Lorenz and Newman, 2002; Brinkley et al., 2004; Hiatt et al., 2004; Koenigs et al., 2010), psychopaths were subdivided based on a median split of
Welsh Anxiety Scale (WAS) scores (Welsh, 1956). Thus, in our sample
low-anxious psychopathy was defined as having a PCL-R score of 30 or
greater and a WAS score of 13 or less, while high-anxious psychopathy
was defined as having a PCL-R score of 30 or greater and a WAS score of
14 or greater.

MRI data collection
All MR imaging data were acquired using the Mind Research Network’s
mobile Siemens 1.5 T Avanto Mobile MRI System with advanced SQ
gradients (max slew rate 200 T/m/s, 346 T/m/s vector summation, rise
time 200 s) equipped with a 12-element head coil. Head motion was
limited using padding and restraint. All prisoners were scanned on correctional facility grounds.

DTI study

DTI participants. A total of 27 inmates (n ⫽ 14 psychopaths and n ⫽ 13
non-psychopaths) meeting the inclusion criteria participated in the DTI
study (Table 1).
DTI data collection. Diffusion-weighted echo-planar magnetic resonance images were acquired by applying diffusion sensitizing gradients
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along 30 non-collinear directions (b value ⫽ 800 s/mm 2). Five interleaved non-diffusion-weighted (b value ⫽ 0 s/mm 2) volumes were collected during each run to enable corrections for motion and eddy current
distortions. Images were collected with the following parameters: repetition time (TR) ⫽ 9200 ms, echo time (TE) ⫽ 84 ms, field of view
(FOV) ⫽ 256 mm ⫻ 256 mm, matrix size ⫽ 128 ⫻ 128, slice thickness ⫽
2 mm, no gap, voxel size ⫽ 2 mm ⫻ 2 mm ⫻ 2 mm, 70 slices. The
sequence was repeated twice and the data combined to improve SNR.
Data processing was conducted using the FSL (http://www.fmrib.ox.
ac.uk/fsl/) and CAMINO (Cook et al., 2006) software packages. Eddy
current distortions and head movements were corrected by affine registration of all images to the first non-diffusion-weighted volume (FSL).
Nonbrain tissue was removed using the brain extraction toolbox (BET)
in FSL (Smith, 2002), and the resulting brain masks were carefully inspected before performing nonlinear diffusion tensor estimation using
CAMINO (Jones and Basser, 2004; Alexander and Barker, 2005). Diffusion tensor images for each subject were screened for extreme outlier
voxels and resampled to 1.75 mm ⫻ 1.75 mm ⫻ 2.5 mm resolution.
Fractional anisotropy (FA), a scalar measure of fiber coherence and microstructural white matter integrity, was calculated from the diffusion
tensors at each brain voxel.
FA maps for each subject were nonlinearly registered to the standard
MNI152 white matter template and resampled to 1 mm 3 resolution (Andersson et al., 2007). Aligned images were averaged into a group mean FA
image, which was thinned to create a study-specific white matter skeleton
mask. This mask was projected onto each subject’s native space FA image
and whole-brain estimates were acquired by extracting the mean FA
value across the white matter skeleton. Group differences were examined
in the UF, the primary structural connection between the amygdala and
vmPFC, and in comparison tracts with documented frontal and temporal connectivity, in which no group differences were expected (inferior
longitudinal fasciculus/inferior fronto-occipital fasciculus, ILF/IFOF;
superior longitudinal fasciculus, SLF; superior fronto-occipital fasciculus, SFOF). Individual FA estimates for each region of interest (ROI)
were acquired by projecting the Johns Hopkins University (JHU) white
matter atlas onto each subject’s native space FA image and computing the
mean value across the tract labels of interest (Mori et al., 2005). FA values
for each ROI were scaled to whole-brain FA and entered into two-sample
t tests to assess group differences between psychopaths and nonpsychopaths. To determine the effects of psychopathy subtype (primary,
“low-anxious” and secondary, “high-anxious”) on structural connectivity, mean scaled FA estimates from the right UF were entered into nonparametric Mann–Whitney U tests. All DTI analyses were considered
significant at p ⬍ 0.05.
To confirm the anatomical validity of UF ROIs used in the betweengroups analysis, UF tracts were verified in every subject using tractography. Briefly, fiber tracking was performed from every voxel in the brain
(“brute force” method) using the tensor deflection (TEND) algorithm in
CAMINO (Lazar et al., 2003). Individual UF tracts were isolated by filtering tractography results to include only those tracts that passed
through the UF ROI defined by the JHU atlas (Fig. 1a). Tracts acquired in
this way were compared to tracts derived using the manual two-ROI
approach, a technique shown to reliably identify tracts with the characteristic “C” shape of UF fibers (Wakana et al., 2007; Hua et al., 2008).
Fiber trajectories for each subject were confirmed using known neuroanatomical landmarks and white matter atlases to verify that the ROIs
sampled from white matter regions containing predominantly UF fibers.
All tractography data were processed and analyzed using TrackVis software (Wang et al., 2007).

Rest-fMRI study

Rest-fMRI participants. A total of 40 inmates (n ⫽ 20 psychopaths and
n ⫽ 20 non-psychopaths) meeting the inclusion criteria participated in
the rest-fMRI study (Table 1). Twenty-six inmates had both DTI and
rest-fMRI data.
Rest-fMRI data collection. Resting state functional images were collected while subjects lay still and awake, passively viewing a fixation cross.
T2*-weighted gradient-echo echoplanar functional images (EPIs) were
acquired with the following parameters: TR ⫽ 2000 ms, TE ⫽ 39 ms, flip
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Table 1. Participant group characteristics
DTI study
Variable
Demographic
Age
Race (Cauc/Afr Am)
Neuropsychological
IQa
Digit span back
Anxiety/Neg affectb
Psychopathy
PCL-R total
Factor 1
Factor 2
Substance abusec
Alcohol
Prevalence
Age of onset
Cannabis
Prevalence
Age of onset
Cocaine
Prevalence
Age of onset
Stimulants
Prevalence
Age of onset
Opioids
Prevalence
Age of onset
Sedatives
Prevalence
Age of onset
Hallucinogens
Prevalence
Age of onset

Rest-fMRI study

Non-psychopaths (n ⫽ 13)

Psychopaths (n ⫽ 14)

Non-psychopaths (n ⫽ 20)

Psychopaths (n ⫽ 20)

31.7 (7.9)
12/1

32.9 (6.9)
10/4

0.69
0.33

31.1 (7.5)
18/2

32.6 (6.8)
15/5

0.53
0.41

102.3 (12.5)
7.1 (2.6)
13.5 (10.7)

97.9 (11.1)
6.4 (3.3)
13.2 (7.2)

0.36
0.57
0.93

101.4 (12.6)
6.9 (2.2)
11.2 (9.5)

99.6 (10.2)
6.7 (3.4)
13.4 (8.3)

0.63
0.84
0.44

14.6 (2.7)
5.3 (1.9)
7.5 (3.0)

32.2 (1.8)
12.1 (1.7)
17.4 (1.4)

⬍0.001
⬍0.001
⬍0.001

14.2 (3.4)
4.7 (2.1)
7.9 (3.1)

31.9 (1.7)
11.8 (1.8)
17.2 (1.5)

⬍0.001
⬍0.001
⬍0.001

5/10
21.0 (5.2)

7/11
17.7 (2.2)

0.67

9/16
22.4 (6.5)

11/16
19.0 (3.4)

0.72

4/10
19.8 (4.7)

7/11
19.7 (8.6)

0.39

7/16
17.9 (4.7)

11/16
19.3 (6.8)

0.29

2/10
17, 18

3/11
16, 16, 26

0.99

3/16
19.7 (2.9)

6/16
20.2 (5.4)

0.43

1/10
30

2/11
20, 23

0.99

4/16
15, 20, 23, 30

0.65

2/10
15, 35

2/11
16, 20

0.99

6/16
21.7 (7.3)

0.43

0/10
n/a

1/11
20

0.99

1/16
27

2/16
20/22

0.99

0/10
n/a

3/11
15, 20, 21

0.21

1/16
20

4/16
15, 17, 20, 21

0.33

p

2/16
16, 18
3/16
20.7 (5.1)

p

a
Based on Shipley Institute of Living Scale (Zachary, 1986), bbased on Welsh Anxiety Scale, cbased on diagnosis of abuse or dependence in the Structured Clinical Interview for DSM-IV Disorders (SCID) (First, 2002), which was administered
to 10/13 non-psychopaths and 11/14 psychopaths in the DTI study and 16/20 non-psychopaths and 16/20 psychopaths in the rest-fMRI study. p values for race distribution and substance abuse prevalence were computed with Fisher’s exact
test. All other p values are based on t test (means presented followed by SDs in parentheses). p values were not calculated for substance abuse age of onset due to relatively small sample sizes of abusers for most substances.

angle ⫽ 75 °, FOV ⫽ 24 ⫻ 24 cm, matrix ⫽ 64 ⫻ 64, slice thickness ⫽ 4
mm, gap ⫽ 1 mm, voxel size ⫽ 3.75 mm ⫻ 3.75 mm ⫻ 5 mm, 27
sequential axial oblique slices. Resting-state scans lasted 5.5 min (158
volumes). A high-resolution T1-weighted structural image was acquired
using a four-echo MPRAGE sequence (TR ⫽ 2530; TE ⫽ 1.64, 3.5, 5.36,
7.22 ms; flip angle ⫽ 7°, FOV ⫽ 256 ⫻ 256 mm, matrix ⫽ 128 ⫻ 128, slice
thickness ⫽ 1.33 mm, no gap, voxel size ⫽ 1 mm ⫻ 1 mm ⫻ 1.33 mm,
128 interleaved sagittal slices). All four echoes were averaged into a single
high-resolution image, which was used to aid in the spatial normalization
of EPI volumes and visualization of group statistics.
Preprocessing. All fMRI data analysis was performed using AFNI (Cox,
1996) and FSL (http://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 motion ⬎4 mm in any direction was excluded from further 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 bandpass filtered
(0.009 ⬍ f ⬍ 0.08) before spatially smoothing with a 4 mm full-width at
half-maximum Gaussian kernel. EPI time series data and high-resolution
T1 images were normalized to the Talairach coordinate system (Talairach and Tournoux, 1988) using a 12-parameter linear warp and the
EPI data were resampled to 3 mm cubic voxels for subsequent functional
connectivity analyses. Normalized T1 anatomical images were segmented into gray matter, white matter, and CSF segments using FAST in
FSL (Zhang et al., 2001). White matter and CSF segments were used as
masks to extract a representative time series from each tissue type.
ROI selection and correlation analysis. To investigate differences in
vmPFC connectivity between psychopaths and non-psychopaths, we ex-

amined two functional networks with documented vmPFC involvement.
To test the hypothesis that psychopathy is associated with reduced
vmPFC–amygdala connectivity, we seeded the right and left amygdala in
each subject. Amygdala ROIs were manually traced on the Talairachaligned group average T1 anatomical image (Nacewicz et al., 2006) and
subsequently edited by cycling through each subject’s T1 image, excluding voxels in which the group mask overlapped with adjacent,
nonamygdalar, tissue (Fig. 2a). The final exclusionary mask contained
only voxels overlying the amygdala in all subjects. To test the hypothesis
that psychopathy is associated with reduced vmPFC–medial parietal connectivity, we seeded the precuneus/PCC region (Fig. 3b) using the coordinates reported by Fox et al. (2005) (⫺5, ⫺49, 40; 6-mm-radius sphere).
Functional connectivity was assessed by computing whole-brain correlations with the mean time series derived from each of the seed ROIs.
The mean time series was included in a GLM with eight regressors of no
interest, including six motion parameters (three translations, three rotations) 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.
Voxelwise correlation coefficients for each ROI 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 analyses of correlation maps. To investigate differences in
functional connectivity between psychopathic and non-psychopathic
prisoners, we performed unpaired two-sample t tests on the z-score maps
derived from each seed region of interest. Based on our a priori interest in
connectivity with the vmPFC, we restricted group comparisons to a region encompassing the medial surface of the PFC bilaterally, ventral to
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Figure 1. DTI results: reduced white matter integrity is specific to the right UF in psychopaths. a, The UF ROI (circled in red) in serial axial slices and a single coronal slice. b, The UF ROI (red)
superimposed on an entire UF tract, as computed with tractography (see Materials and Methods for additional details). c– e, Bar plots of mean scaled FA values in three comparison tracts, in each
hemisphere: ILF/IFOF (c), SLF (d), and SFOF (e). f, Bar plots of mean scaled FA values in the UF. Psychopaths exhibited significantly lower scaled FA values only in right UF. Error bars indicate
SEM. *p ⬍ 0.05.
the genu of the corpus callosum (z ⫽ ⫺6.5; Figs. 2a, 3b). The vmPFC ROI
was created using the WFU PickAtlas (Maldjian et al., 2003) and subsequently edited in AFNI to exclude regions dorsal to the genu. Group
difference maps were corrected for multiple comparisons using clusterextent thresholding at an uncorrected p ⬍ 0.005, ␣ ⫽ 0.05 (cluster size ⫽
14 voxels, 378 mm 3). Cluster extents were computed using Monte Carlo
simulations implemented in the 3dClustSim program (AFNI). Group
correlation maps were overlaid on the normalized mean anatomical image. All coordinates are reported in Talairach space.
To assess whether group differences were specific to vmPFC, we examined connectivity in two additional regions per seed in which we
expected no group differences in functional connectivity. For the right
amygdala seed, we investigated connectivity with the anterior superior
temporal gyrus (aSTG) and contralateral amygdala, regions with documented right amygdala connectivity (Roy et al., 2009). Connectivity with
the aSTG was assessed by placing a sphere of 6 mm radius at coordinates
reported by Roy et al. (2009) (aSTG: 34, ⫺10, ⫺26). Connectivity with
the left amygdala was assessed using the hand-drawn amygdala ROI from
the previous connectivity analysis. For the precuneus/PCC seed, connectivity was assessed in bilateral parahippocampal gyrus and inferior parietal lobule (IPL) masks created in using the WFU PickAtlas (Maldjian et
al., 2003). Group differences were considered significant at a corrected
p ⬍ 0.05 (uncorrected p ⬍ 0.005, cluster size ⫽ 14 voxels, 378 mm 3).
To determine the effects of psychopathy subtype on resting connectivity, masks were generated from significant clusters and parameter estimates were extracted for each subject. These estimates were
entered into a 2 ⫻ 2 ANOVA with anxiety and psychopathy as
between-subjects factors.

Results
Structural connectivity: DTI results
FA is a scalar measure that is sensitive to the microstructural
integrity and fiber coherence of white matter tracts (Pierpaoli and
Basser, 1996). Here, we used FA to probe differences in white

matter structural connectivity between psychopathic and nonpsychopathic prisoners. Before examining FA values in the UF,
we first computed a measure of whole-brain FA for each subject,
equal to the average FA within all major white matter tracts.
Overall, psychopaths had significantly lower whole-brain FA
than non-psychopaths (t ⫽ ⫺3.5, p ⫽ 0.002). Therefore, in subsequent analyses of specific tracts, we computed a scaled FA
value, equal to the FA value in the specific tract of interest divided
by the subject’s whole-brain FA value. Using the scaled FA values,
we addressed our first hypothesis—that psychopaths would have
reduced structural integrity (lower FA values) in the UF. Indeed,
relative to non-psychopaths, psychopaths had significantly lower
scaled FA values in the right UF (t ⫽ ⫺2.1, p ⫽ 0.048) (Fig.
1a,b,f ). To assess the anatomical specificity of this finding, we
computed scaled FA values for three additional major fiber tracts
involving the frontal lobe: the superior fronto-occipital fasciculus, the superior longitudinal fasciculus, and the inferior longitudinal fasciculus/inferior fronto-occipital fasciculus. In none of
these comparison tracts were FA values significantly different
between psychopaths and non-psychopaths (all p values ⬎0.14)
(Fig. 1c– e). These DTI data associate psychopathy with a reduction of white matter integrity in the right UF.
Functional connectivity: rest-fMRI results
To assess the resting functional connectivity of vmPFC, we defined two “seed” regions known to be functionally interconnected with vmPFC at rest: amygdala (Roy et al., 2009; Kim et al.,
2011) and precuneus/PCC (Greicius et al., 2003; Fox et al., 2005).
In light of our DTI findings in the right UF, we first examined
resting functional connectivity between the right amygdala
and vmPFC (Fig. 2a). For each group (psychopaths and non-
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Figure 2. Functional connectivity between the right amygdala and anterior vmPFC is reduced in psychopaths. a, Group differences in connectivity were assessed in the vmPFC mask (red) for
correlation coefficients computed using the mean time series extracted from the hand drawn right amygdala seed (blue). b, Mean right amygdala–vmPFC connectivity maps for non-psychopaths
and psychopaths are shown separately on the group mean anatomical image, thresholded at a cluster corrected p ⬍ 0.05. Scale bars depict the uncorrected t statistic. Both groups exhibit significant
resting connectivity between right amygdala and regions of vmPFC. The group difference map indicates an area in anterior vmPFC where non-psychopaths have significantly greater connectivity
than psychopaths (x ⫽ ⫺3, y ⫽ ⫺66, z ⫽ ⫺10, cluster size ⫽ 14 voxels). c, A three-dimensional rendering of the group mean anatomical image shows the location of the amygdala seed (blue)
and significant vmPFC cluster (red) in relation to the UF (green). d, The bar plot depicts the significant group difference in connectivity estimates (Fisher z-transformed correlation coefficients) within
the vmPFC cluster. Error bars indicate SEM. Filled circles represent values from individual subjects.

psychopaths), we computed the spatial map of voxels in vmPFC
exhibiting a significant correlation with the BOLD signal derived
from the right amygdala seed region (Fig. 2b). To test the hypothesis that psychopaths would have reduced vmPFC–amygdala
functional connectivity at rest, we then computed the spatial map
of vmPFC voxels with significant differences in correlated activity
with right amygdala (Fig. 2b). In support of our hypothesis, we
found a cluster of voxels in the right anterior vmPFC exhibiting
significantly lower correlation with right amygdala in psychopaths than in non-psychopaths.
To address the anatomical specificity of this finding, we also
assessed resting connectivity between the amygdala seed region
and two other areas of the brain that have previously been shown
to be functionally connected with the right amygdala: the contralateral (left) amygdala and a region of right aSTG (Roy et al.,
2009). Although there were significant BOLD correlations between right and left amygdala as well as between right amygdala
and right aSTG in both psychopaths and non-psychopaths, there
were no significant between-group differences in amygdala connectivity with either area (both p values ⬎0.17). In other words,

psychopaths exhibited normal functional connectivity between
right amygdala and left amygdala, as well as between right amygdala
and right aSTG. These fMRI results associate psychopathy with a
reduction in vmPFC–amygdala functional connectivity.
To examine whether psychopaths also exhibit reduced functional connectivity between vmPFC and cortical brain regions,
we computed resting BOLD correlations with a seed region located in right precuneus/PCC (Fig. 3b). The precuneus/PCC and
vmPFC are known to exhibit significant correlations in BOLD
signal at rest; together, they comprise the major midline structures of the “default mode network” (Shulman et al., 1997;
Raichle et al., 2001; Greicius et al., 2003; Fox et al., 2005). Indeed,
in our sample, both subject groups (psychopaths and nonpsychopaths) demonstrated significant correlations between
precuneus/PCC and areas within vmPFC (Fig. 3a). In the betweengroup comparison, we again found a cluster of voxels in the right
anterior vmPFC exhibiting significantly lower correlation with right
precuneus/PCC in psychopaths than in non-psychopaths, as well as
a cluster in more posterior vmPFC overlapping the rostral anterior
cingulate cortex (rACC) (Fig. 3a).
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Figure 3. Functional connectivity between medial parietal cortex and vmPFC is reduced in psychopaths. a, Mean precuneus/PCC–vmPFC connectivity maps are depicted separately for nonpsychopaths and psychopaths on the group mean anatomical image, thresholded at a cluster corrected p ⬍ 0.05. Scale bars indicate the uncorrected t statistic. Both groups exhibit significant resting
connectivity between right precuneus/PCC and regions of vmPFC. The group difference map indicates two separate clusters within vmPFC where non-psychopaths have significantly greater
connectivity with the precuneus/PCC seed than psychopaths (vmPFC: x ⫽ ⫺12, y ⫽ ⫺51, z ⫽ ⫺12, cluster size ⫽ 27 voxels; rACC: x ⫽ ⫺9, y ⫽ ⫺39, z ⫽ ⫹6, cluster size ⫽ 15 voxels). b, Group
differences in connectivity were assessed in the vmPFC mask (red) for correlation coefficients computed using the mean time series extracted from the PCC seed (blue; x ⫽ ⫺5, y ⫽ ⫹49, z ⫽ ⫹40).
c, The bar plots depict group differences in connectivity estimates (Fisher z-transformed correlation coefficients) within each significant cluster. Error bars indicate SEM. Filled circles represent values
from individual subjects.

To address the anatomical specificity of this finding, we assessed resting connectivity between the precuneus/PCC seed region and two additional areas within the default mode network
that have been shown to be functionally connected with precuneus/PCC at rest: the IPL and the parahippocampal gyrus (Greicius et al., 2003; Fox et al., 2005). Although both psychopaths and
non-psychopaths had significant positive connectivity between each
area and the precuneus/PCC, in neither ipsilateral area were there
significant differences in connectivity between groups. In other
words, psychopaths exhibited normal functional connectivity between right precuneus/PCC and right IPL, as well as between right
precuneus/PCC and right parahippocampal gyrus. By contrast, psychopaths exhibited abnormally low levels of functional connectivity
between right precuneus/PCC and vmPFC.
In sum, these fMRI data associate psychopathy with a reduction of resting functional connectivity in circuits involving
vmPFC.
Follow-up analyses: psychopathy subtypes
For each of the three main findings associated with psychopathy
in this study (reduced FA in right UF, reduced resting vmPFC
BOLD signal correlation with amygdala, and reduced resting
vmPFC BOLD signal correlation with precuneus/PCC), we next
considered whether each finding was driven by a particular subtype of psychopathy (low-anxious/“primary” vs high-anxious/
“secondary”).
First we examined the DTI finding of reduced FA in the right
UF among psychopaths. Because of the relatively small numbers

of inmates with primary and secondary psychopathy in the DTI
sample (n ⫽ 7 and n ⫽ 7, respectively), we used non-parametric
Mann–Whitney U tests to assess differences between subtypes. As
can be seen in Figure 4b, the high-anxious non-psychopaths exhibited significantly lower right UF FA values than the lowanxious non-psychopaths ( p ⫽ 0.046), whereas the high-anxious
psychopaths and low-anxious psychopaths did not significantly
differ ( p ⫽ 0.75).
Next we considered the rest-fMRI finding of lower vmPFC–
amygdala BOLD signal correlation among psychopaths. Given
the slightly larger number of inmates with primary and secondary
psychopathy in the rest-fMRI sample (n ⫽ 12 and n ⫽ 8, respectively), we conducted a 2 ⫻ 2 (psychopathy: high/low ⫻ anxiety
high/low) ANOVA. Here we found a significant interaction between psychopathy and anxiety (F ⫽ 9.1, p ⫽ 0.005), such that
higher anxiety was associated with greater connectivity among
non-psychopaths, but lower connectivity among psychopaths
(Fig. 4c). Post hoc t tests revealed no significant difference in
connectivity between high- and low-anxious non-psychopaths
(t ⫽ 1.7, p ⫽ 0.12), but significantly greater connectivity in lowanxious (“primary”) psychopaths than high-anxious (“secondary”) psychopaths (t ⫽ 2.6, p ⫽ 0.02). Thus, in addition to
discriminating between psychopaths and non-psychopaths,
amygdala–vmPFC connectivity distinguishes between psychopathy subtypes.
Finally we considered the rest-fMRI finding of lower vmPFC–
precuneus/PCC BOLD signal correlation among psychopaths.
Here we found no significant interaction between psychopathy

17354 • J. Neurosci., November 30, 2011 • 31(48):17348 –17357

Motzkin et al. • Reduced Prefrontal Connectivity in Psychopathy

Figure 4. Analysis of DTI and rest-fMRI findings with respect to psychopathy subtype. a, Depiction of each significant finding in the main between-group analyses (psychopaths vs nonpsychopaths). b, For right UF FA values, among non-psychopaths, the low- and high-anxious subgroups significantly differ ( p ⫽ 0.046); there is no such difference among psychopaths. c, For the
cluster identified in the right amygdala–vmPFC connectivity analysis, there is a significant interaction between psychopathy and anxiety ( p ⫽ 0.005), indicating that connectivity is differentially
modulated by anxiety subgroup in psychopaths and non-psychopaths. d, e, There are no significant interactions between psychopathy and anxiety for medial parietal–vmPFC connectivity. Error bars
indicate SEM. Asterisks indicate significant differences between anxiety subtypes.

and anxiety for either the anterior vmPFC area (F ⫽ 0.002, p ⫽
0.97) (Fig. 4d) or the rACC area (F ⫽ 0.73, p ⫽ 0.40) (Fig. 4e).
In sum, consideration of psychopathy subtype (low-anxious
vs high-anxious) yielded significant effects for UF structural integrity and vmPFC–amygdala functional connectivity, but not
for vmPFC–medial parietal functional connectivity.

Discussion
In this study of psychopathic and non-psychopathic prison inmates, we found evidence of significantly reduced vmPFC connectivity among psychopaths: lower FA in right UF and lower
BOLD signal correlations with amygdala and precuneus/PCC at
rest. In addition, we found preliminary evidence that the structural and functional differences in vmPFC–amygdala connectivity between psychopaths and non-psychopaths may vary as a
function of psychopathic subtype. In the following sections, we
discuss each of these findings in turn.
Structural connectivity: reduced FA in right UF
Ours is not the first study to use DTI to assess white matter
structural integrity in psychopathy. The only previous study to
do so also found that individuals with higher psychopathy
scores had significantly lower FA values in right UF than those
with lower psychopathy scores (Craig et al., 2009). Although
the data presented here support the conclusion of the previous
study (reduced structural connectivity between vmPFC and
amygdala in psychopathy), our study has several notable
methodological differences.
One advantage is a more rigorous subject classification
scheme. The previous study included n ⫽ 9 adult males with
relatively high levels of psychopathy, defined as PCL-R score ⱖ25
(mean ⫽ 28.4). We used a more stringent PCL-R cutoff of ⱖ30 to

define our psychopathic group, in accordance with the PCL-R
recommendations (Hare, 2003) and in recognition of the fact
that individuals with intermediate PCL-R scores (21–29) are in
some experimental paradigms more similar to non-psychopaths
(PCL-R ⱕ20) than actual psychopaths (PCL-R ⱖ30) [e.g., in
tests of emotion-modulated startle (Patrick et al., 1993) and
moral judgment (Koenigs et al., 2011b)]. In addition, our psychopathic and non-psychopathic groups were well matched on
demographic variables, intelligence, and substance abuse histories (Table 1).
A second distinguishing feature of the DTI component of our
study is the single ROI-based approach to calculate UF FA values.
The ROI we used was within the dense insular segment, or “isthmus,” of the UF. This ROI excludes terminal regions of the UF
that intermingle with adjacent tracts (Ebeling and von Cramon,
1992). Combining this ROI approach with the correction for
whole-brain FA differences allowed us to isolate regions of particular interest, while accounting for non-specific global differences throughout the brain.
Finally, due to a larger sample of psychopaths (n ⫽ 14), we
were able to address the role of psychopathic subtypes in mediating the observed effect (see “Psychopathic subtypes” below for
detailed discussion of this point).
Despite the methodological differences between studies, the
fact that both DTI studies reveal the same specific finding supports a robust association between psychopathy and reduced FA
in right UF.
Functional connectivity: reduced vmPFC–amygdala
correlation at rest
Although several previous fMRI studies have associated psychopathy with abnormal activation of the amygdala and vmPFC (see
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Koenigs et al., 2011a for review), our study is the first to demonstrate aberrant functional connectivity between vmPFC and
amygdala in psychopathy using rest-fMRI. Moreover, the collection of neuroimaging data from n ⫽ 20 psychopaths with PCL-R
scores ⱖ30 is the largest such sample ever reported in an MRI
study.
The finding of reduced vmPFC–amygdala correlation at rest
coincides with our structural DTI data; both findings indicate
diminished connectivity between vmPFC and amygdala in psychopathy. These convergent results support the central hypothesis of this study, and join a substantial corpus of research
highlighting the importance of vmPFC–amygdala interactions in
the regulation of emotion and social behavior (Barbas, 2000; Davidson, 2002; Milad et al., 2006; Delgado et al., 2008). Additionally, these neuroimaging findings are consistent with the
longstanding psychological perspective that impaired decision
making in psychopathy is due to deficient integration of affective
information (Cleckley, 1976; Hiatt and Newman, 2006; Blair and
Mitchell, 2009). The amygdala is understood to signal the affective salience of environmental stimuli (Davis and Whalen, 2001;
Adolphs, 2010), and the anterior vmPFC is purported to discriminate the relative value of options and outcomes during decision making (O’Doherty, 2004; Grabenhorst and Rolls, 2011).
Accordingly, our finding of reduced functional connectivity
between these regions suggests a plausible neurobiological
mechanism underlying abnormal decision making in psychopathy. More generally, the convergent DTI and rest-fMRI
results suggest that the socio-affective deficits characterizing
psychopathy may reflect impaired communication between
vmPFC and amygdala.
This conclusion is supported by a previous study of adolescents with callous and unemotional traits, which revealed reduced functional connectivity between the amygdala and vmPFC
during facial affect processing (Marsh et al., 2008). The convergence of findings across distinct demographic samples and
experimental contexts suggests that reduced amygdala–vmPFC connectivity may be a consistent neurobiological feature of populations
in which callous unemotionality and impaired empathy are major
characteristics.
A goal for future research will be to use task-related fMRI to
examine whether reduced vmPFC–amygdala connectivity is an
invariant feature of the psychopathic brain, or if this abnormality
is diminished or exaggerated during certain cognitive or affective
tasks. Additionally, it will be important to investigate with more
anatomically precise imaging techniques whether the connectivity differences we observe in psychopaths are driven by particular
subnuclei of the amygdala.
Functional connectivity: reduced vmPFC–precuneus/PCC
correlation at rest
The second major rest-fMRI finding of this study is reduced connectivity between vmPFC and precuneus/PCC. Again, ours is the
first study to demonstrate this effect. The vmPFC and precuneus/
PCC comprise two nodes of the default mode network (Raichle et
al., 2001; Greicius et al., 2003). It is important to note that the
reduced correlation between vmPFC and precuneus/PCC activity among psychopaths does not simply reflect diminished functional connectivity throughout the default mode network.
Functional connectivity was normal between right PCC/precuneus and two other nodes of the network: right inferior
parietal lobule and right parahippocampal gyrus.
Although the functional significance of the vmPFC–precuneus/PCC circuit remains to be fully elucidated, preliminary ac-
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counts suggest involvement in self-reflective cognition (Buckner
et al., 2008; Qin and Northoff, 2011). Previous empirical and
theoretical work on psychopathy has proposed an underlying
defect in self-reflection, particularly as it pertains to observed
decision-making impairments (Newman and Lorenz, 2003; Koenigs et al., 2010). However, at this point it may be premature to
speculate on the precise functional significance of reduced
vmPFC–medial parietal connectivity in psychopathy. For the primary aim of this study (identifying neural correlates of psychopathy), the default network provides a well validated means of testing
the functional connectivity of vmPFC. As with the amygdala seed,
the precuneus/PCC seed reveals diminished functional connectivity
of vmPFC in the psychopathic brain.
Psychopathic subtypes
This is the first neuroimaging study to directly test whether the
neural correlates of psychopathy vary as a function of psychopathic subtype. In light of the decades of theoretical and empirical
work emphasizing a distinction between low-anxious (“primary”) and high-anxious (“secondary”) psychopathic subtypes (e.g., Karpman, 1946; Lykken, 1957; Blackburn, 1975;
Cleckley, 1976; Newman et al., 1990, 1992; Hiatt et al., 2004;
Koenigs et al., 2010), we evaluated whether trait anxiety/negative affect among psychopaths has any significant bearing on
the observed neurobiological differences between psychopaths and non-psychopaths.
With respect to the DTI finding of reduced FA in right UF, the
effect appears to be driven primarily by a difference between
low-anxious psychopaths and low-anxious non-psychopaths.
Among non-psychopaths, we observed the expected relationship
between UF and anxiety; namely, lower levels of anxiety were
associated with greater structural integrity of the UF (Kim and
Whalen, 2009), presumably due to more efficient regulation of
emotion through greater PFC–amygdala connectivity (Davidson, 2002; Milad et al., 2006). Psychopaths, on the other hand,
did not exhibit this relationship between UF integrity and anxiety. We speculate that the low levels of anxiety in primary psychopathy may be mediated by a different neurocognitive
mechanism than efficient “top-down” regulation of emotion
through a PFC–amygdala circuit. Perhaps the low anxiety (and
overall emotional unresponsiveness) of primary psychopaths is
driven instead by deficient “bottom-up” integration of affective
information (Hiatt and Newman, 2006; Blair and Mitchell, 2009;
Baskin-Sommers et al., 2011).
With respect to the rest-fMRI findings of less correlated activity
in vmPFC circuits among psychopaths, we saw a significant interaction between psychopathy and anxiety for vmPFC–amygdala connectivity, but no significant interaction between psychopathy and
anxiety for the vmPFC–precuneus/PCC connectivity. Thus, the significant effect of psychopathic subtype is restricted to structural and
functional connectivity between vmPFC and amygdala. In particular, we note that vmPFC–amygdala functional connectivity not only
distinguishes psychopaths from non-psychopaths, but also primary
(low-anxious) psychopaths from secondary (high-anxious) psychopaths. Although this finding merits attention as the first evidence for
dissociable neural substrates of psychopathic subtypes, the functional significance of these subtype data is not immediately clear.
Future work with larger samples and tasks specifically designed to
elicit vmPFC–amygdala interactions (e.g., reversal learning or emotion regulation) will be necessary to better understand the effect of
psychopathy subtype on amygdala–vmPFC connectivity.
We believe that the present data, while preliminary, indicate
that consideration of psychopathic subtypes may be of critical
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importance for clarifying the neural correlates of psychopathy.
Further research will be necessary to elucidate whether, within
the neurobiological characteristics that broadly distinguish psychopaths from non-psychopaths, there are also features that reliably distinguish between psychopathic subtypes.
Limitations
A limitation of the extreme groups design used in this study is
that we are unable to determine whether our findings are driven
by a particular factor of psychopathy (interpersonal-affective or
impulsive-antisocial) or by particular behavioral characteristics
(e.g., aggression). Future work in populations with more continuous distributions of psychopathy scores will be necessary to assess whether a particular dimensional factor drives the effects we
report here.
Conclusion
Collectively, the structural and functional neuroimaging data
presented here converge to specify diminished vmPFC connectivity as a robust neural correlate of psychopathy. Human lesion
studies have long implicated vmPFC dysfunction in the pathogenesis of “psychopathic” behavioral and affective traits (Eslinger
and Damasio, 1985; Damasio et al., 1990; Koenigs et al., 2010).
The imaging findings presented here provide direct evidence
of vmPFC dysfunction in criminal psychopaths, and putatively identify a specific neurobiological abnormality underlying psychopathy.
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