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Psychopathy is a personality disorder associated with callous and impulsive behavior and criminal recidivism. It has long been theorized that psycho-
paths have deficits in processing reward and punishment. Here, we use structural and functional magnetic resonance imaging to examine the neural
correlates of reward and loss sensitivity in a group of criminal psychopaths. Forty-one adult male prison inmates (n¼18 psychopaths and n¼23 non-
psychopaths) completed a functional magnetic resonance imaging task involving the gain or loss of money. Across the entire sample of participants,
monetary gains elicited robust activation within the ventral striatum (VS). Although psychopaths and non-psychopaths did not significantly differ with
respect to overall levels of VS response to reward vs loss, we observed significantly different correlations between VS responses and psychopathy
severity within each group. Volumetric analyses of striatal subregions revealed a similar pattern of correlations, specifically for the right accumbens area
within VS. In a separate sample of inmates (n¼93 psychopaths and n¼117 non-psychopaths) who completed a self-report measure of appetitive
motivation, we again found that the correlation with psychopathy severity differed between groups. These convergent results offer novel insight into the
neural substrates of reward and loss processing in psychopathy.
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INTRODUCTION

Psychopathy is a mental health disorder characterized by callous and

impulsive antisocial behavior. Present in roughly a quarter of adult

prison inmates, psychopathy is associated with a disproportionately

high incidence of violent crime, substance abuse and recidivism

(Smith and Newman, 1990; Hare, 2003). Based on these personality

and behavioral characteristics, it has long been postulated that psych-

opathy may be linked to abnormalities in processing reward and pun-

ishment (Cleckley, 1941; Lykken, 1957; Fowles, 1980; Gorenstein and

Newman, 1980; Blair, 2008). Over several decades, a host of behavioral

and psychophysiological studies have offered qualified support for this

theory (Lykken, 1957; Schmauk, 1970; Newman et al., 1985; Arnett

et al., 1997; Baskin-Sommers et al., 2010). More recently, functional

brain imaging has been used to address this question at the neural-

systems level (Buckholtz et al., 2010; Bjork et al., 2012). These func-

tional magnetic resonance imaging (fMRI) studies have focused pri-

marily on the ventral striatum (VS), a major subcortical target of

mesolimbic dopamine neurons, which have been shown to signal the

receipt and prediction of pleasurable rewarding stimuli (Schultz et al.,

1997; Drevets et al., 2001; Schultz, 2010). Human functional imaging

studies have reliably demonstrated VS activation in response to in-

nately pleasurable stimuli, as well as to abstract stimuli predicting

their occurrence (McClure et al., 2004; O’Doherty, 2004). Two

recent fMRI studies of reward processing and psychopathy have asso-

ciated certain psychopathic personality characteristics with heightened

VS activity during the anticipation of monetary gain (Buckholtz et al.,

2010; Bjork et al., 2012). These intriguing initial results raise a number

of important questions. Although these findings associate psychopathy

with hypersensitive neural responses in anticipation of monetary gain,

to date, no study has examined the relationship between psychopathy

and neural responses related to monetary loss. Moreover, both of the

aforementioned reward-processing studies were conducted with non-

forensic community participants, among whom few (if any) would

meet criteria for the categorical diagnosis of psychopathy as defined

for pathologically antisocial and criminal individuals (Hare, 2003).

Although there are ample clinical and behavioral data suggesting that

psychopathic traits fall along a continuum�with psychopaths repre-

senting a quantitatively greater manifestation of the traits rather than a

qualitatively distinct category (Marcus et al., 2004; Edens et al., 2006;

Walters et al., 2007, 2008)�there is not yet strong evidence to support

the assumption that the neurobiological correlates of the disorder are

similarly continuous (Koenigs et al., 2011). In other words, it may be

the case that VS reward activity correlates with certain social and af-

fective personality traits among individuals with overall low levels of

psychopathy, as has been previously reported (Buckholtz et al., 2010;

Bjork et al., 2012), but among actual psychopaths, the relationship

between psychopathic trait severity and VS reward-related activity

may be notably different.

This study will thus address two distinct but related questions on the

neural basis of psychopathy: (i) Do psychopaths have significantly

altered reward and/or loss sensitivity in VS? (ii) Is the relationship

between psychopathy severity and VS reward/loss sensitivity consistent

across the entire spectrum of psychopathy severity, or does the rela-

tionship differ depending on whether one exhibits low or high levels of

psychopathic traits?

METHODS

Participants�Magnetic Resonance Imaging study

Participants were adult male inmates recruited from a medium-secur-

ity Wisconsin correctional institution. Inmates were eligible if they met
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the following criteria: <45 years of age, IQ >70, no history of psychosis

or bipolar disorder, no history of significant head injury or post-

concussion symptoms and not currently taking psychotropic medica-

tions. Nine subjects (n¼ 6 non-psychopaths and n¼ 3 psychopaths)

were excluded owing to a lack of button responses during the task

(instruction non-compliance; see ‘fMRI task’ later in the text), leaving

a final sample of 41 inmates (n¼ 18 psychopaths and n¼ 23 non-

psychopaths).

The Psychopathy Checklist-Revised (PCL-R) (Hare, 2003) was used

to assess psychopathy. The PCL-R assessment involves a 60- to 90-min

interview and file review to obtain information used to rate 20 psych-

opathy-related items as 0, 1 or 2. Participants were assessed for sub-

stance use disorder with the Structured Clinical Interview for DSM-IV

Disorders (First et al., 2002) (Table 1).

Participant groups

Participants were recruited based on their PCL-R scores. Psychopathic

inmates had PCL-R scores of �30, whereas non-psychopathic inmates

had PCL-R scores of �20 (Hare, 2003). Group characteristics for the

magnetic resonance imaging (MRI) study are presented in Table 1. The

psychopathic and non-psychopathic groups did not significantly differ

with respect to age, race or intelligence. Importantly, the groups also

did not differ with respect to lifetime diagnosis of substance use

disorder (abuse or dependence) for any of the following substances:

alcohol, cannabis, cocaine, opioids, stimulants, sedatives or

hallucinogens.

Participants�Follow-up Behavioral Activation System study

As a follow-up to the MRI results, we analyzed data from a separate

group of inmates. These inmates are a subset of individuals who had all

previously completed a self-report measure of Behavioral Inhibition

System (BIS) and Behavioral Activation System (BAS) traits (Newman

et al., 2005; Wallace et al., 2009). To mirror the group analysis scheme

for the functional and structural MRI data, we analyzed BIS/BAS data

from only those inmates who were classified as psychopaths (PCL-R

�30; n¼ 93) or non-psychopaths (PCL-R �20; n¼ 117) in the previ-

ous studies. These adult Caucasian male inmates met the same eligi-

bility criteria as the participants in the MRI study (<45 years of age, IQ

>70, no history of psychosis or bipolar disorder, no history of signifi-

cant head injury or post-concussion symptoms and not currently

taking psychotropic medications). The BIS/BAS scale (Carver and

White, 1994) is a 20-item questionnaire based on Gray’s reinforcement

sensitivity theory (Gray, 1970). The BIS subscale (seven items) primar-

ily assesses worry and anxiety, whereas the BAS subscale (13 items)

measures sensitivity to anticipated/acquired rewards, motivation to

achieve desired goals and willingness to approach new appetitive

stimuli.

fMRI task

While in the scanner, participants completed a task involving the pas-

sive gain or loss of money. Each trial consisted of three phases

(Supplementary Figure S1). The first phase (3 s) was a cue stimulus

(one of five white shapes on a black background). The second phase

(3 s) was a slot machine (one of six colored slot machines). The third

phase (2 s) was an indication of monetary outcome (win $1, win $0 or

lose $1). A fixation cross was shown during the inter-trial intervals

(mean duration 4 s, range 2–6 s). A total of 76 trials were divided into

two runs of 38 trials each. Each cue was associated with a fixed prob-

ability of being followed by each slot machine, and each slot machine

was associated with a fixed probability of winning, losing or breaking

even. Three of the slot machines delivered monetary gains (66%

chance of winning $1), two of the slot machines always yielded $0

and one slot machine delivered monetary loss (66% chance of losing

$1). All participants received the same predetermined order of cues,

slot machines and monetary outcomes. To keep participants engaged

during the task and allow us to monitor participants’ attention to the

task, participants were instructed to indicate by a button press during

the presentation of the cue which slot machine they thought was most

likely to follow. Subjects who failed to respond to at least a third of all

trials (within the 3-s window) were excluded from the final analysis. In

the final subject sample, there was no significant between-group dif-

ference in the number of button responses (t¼ 0.50, P¼ 0.63). To

heighten the psychological impact of gaining and losing money, the

monetary outcome of one trial chosen randomly from the task was

added or subtracted to the subject’s compensation for participating in

the study.

MRI data collection

All MRI data were acquired using the Mind Research Network’s

mobile Siemens 1.5 T Avanto MRI System on correctional facility

grounds. Gradient echo T2*-weighted echoplanar images (EPIs) were

acquired with the following parameters: TR¼ 2800 ms, TE¼ 39 ms,

flip angle¼ 758, FOV¼ 24� 24 cm2, matrix¼ 64� 64, slice

thickness¼ 4.0 mm, gap¼ 1 mm, voxel size¼ 3.8� 3.8� 4.0 mm3,

Table 1 Participant group characteristics

Variable Non-psychopaths
(n¼ 23)

Psychopaths
(n¼ 18)

P

Demographic
Age 32.4 (8.0) 32.2 (6.5) 0.94
Race (Caucasian/African American) 21/2 13/5 0.21

Neuropsychological
IQa 100.7 (11.9) 100.1 (11.2) 0.87
Digit span back 6.9 (2.7) 6.5 (3.3) 0.69
Anxiety/Negative affectb 10.7 (8.1) 13.3 (9.0) 0.33

Psychopathy
PCL-R total 14.1 (3.5) 31.7 (1.7) <0.001
Factor 1 4.8 (2.2) 11.7 (1.8) <0.001
Factor 2 7.3 (3.3) 17.2 (1.4) <0.001

Substance abusec

Alcohol
Prevalence 10/23 9/18 0.76
Age of onset 21.5 (3.3) 18.6 (2.0)

Cannabis
Prevalence 6/23 8/18 0.32
Age of onset 19.3 (4.5) 19.5 (8.0)

Cocaine
Prevalence 4/23 6/18 0.29
Age of onset 20.5 (2.9) 20.5 (5.3)

Stimulants
Prevalence 1/23 2/18 0.57
Age of onset 18 15,23

Opioids
Prevalence 3/23 5/18 0.27
Age of onset 20.7 (5.1) 18.8 (3.3)

Sedatives
Prevalence 1/23 2/18 0.57
Age of onset 27 20/22

Hallucinogens
Prevalence 1/23 4/18 0.15
Age of onset 20 18.3 (2.8)

abased 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).
P-values for race distribution and substance abuse prevalence were computed with Fisher exact test.
All other P-values are based on t-tests (means presented followed by standard deviations in
parentheses).
P-values were not calculated for substance abuse age of onset owing to relatively small sample sizes
of abusers for most substances.
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38 interleaved axial oblique slices per volume and total of 240 volumes.

A high-resolution T1-weighted structural image was acquired for each

subject using a four-echo magnetization-prepared rapid gradient-echo

sequence (TR¼ 2530 ms; TE¼ 1.64, 3.5, 5.36 and 7.22 ms; flip

angle¼ 78, FOV¼ 256� 256 mm2, matrix¼ 128� 128, slice thick-

ness¼ 1.33 mm, no gap, voxel size¼ 1� 1� 1.33 mm3 and 128

interleaved sagittal slices). All four echoes were averaged into a

single high-resolution image.

MRI data analysis

fMRI data analysis

All fMRI data analyses were performed using AFNI (Cox, 1996). EPI

volumes were slice-time corrected using the fourth slice of the first

session as a reference (interleaved ascending, Fourier interpolation)

and motion corrected by rigid body alignment to the fourth EPI

acquisition. The data were spatially smoothed with a 4-mm full-

width at half-maximum Gaussian kernel. The averaged T1-weighted

images were processed using FreeSurfer v5.0, as previously described

(Fischl, 2012). EPI time series data and high-resolution T1 images

skull-stripped in FreeSurfer were normalized to the MNI coordinate

system using a 12-parameter linear warp. The time series of both runs

were scaled and concatenated before being modeled with canonical

gamma variate hemodynamic response functions time-locked to the

onsets of monetary outcome stimuli, as well as to the onsets of the cue

and slot stimuli. In addition to modeling these stimuli onsets as regres-

sors of interest, residual head motion after volume correction was also

entered into the model as a covariate of no interest. The resulting

statistical maps were resampled to 3 mm cubic voxels and registered

to the same coordinate space as the normalized T1 images for subse-

quent analyses.

To compare responses related to gains and losses, we performed a

linear contrast between gain (þ$1), loss (�$1) and neutral ($0) trials.

Group differences were considered significant at a corrected P < 0.05

(cluster size >41 voxels at uncorrected P < 0.005). Cluster extents were

computed using Monte Carlo simulations implemented in the

3dClustSim program (AFNI).

Measurement of striatal volumes

The averaged T1-weighted images were processed using FreeSurfer

(Fischl, 2012). The FreeSurfer tissue segmentation includes volume

measurements (in mm3) for four striatal subregions in each hemi-

sphere. We computed correlations between PCL-R scores and volumes

of the following striatal subregions: left and right putamen, left and

right caudate, left and right accumbens area and left and right

pallidum. The accumbens area most closely corresponds to the task-

defined VS region-of-interest (ROI).

RESULTS

Here we address each of the two main study questions in turn. The

first question is whether psychopaths exhibit significantly altered

sensitivity to reward or loss in VS. To address this question, we

examined BOLD activity in response to stimuli indicating monetary

gain, loss and no change (neutral). Across the entire group, we

observed greater activation bilaterally in the VS for gain relative

to loss trials at P < 0.005 uncorrected (Figure 1A). Activation in

the left VS remained significant after whole-brain correction for

multiple comparisons (P < 0.05 corrected, t¼ 5.94, 48 voxels;

Figure 1B and Supplementary Table S1). Activity in the left VS

was greater for gain relative to neutral but lower for loss relative

to neutral (Figure 1C). An outlier test (Grubbs’ test) revealed that

one non-psychopathic subject was an outlier for the gain–loss con-

trast, and that a separate non-psychopathic subject was an outlier

for the loss–neutral contrast. After the exclusion of these two sub-

jects, we observed no significant difference in VS response magni-

tude between psychopaths and non-psychopaths for the gain–neutral

contrast (t¼ 1.08, P¼ 0.29), loss–neutral contrast (t¼ 1.20, P¼ 0.20)

or gain–loss contrast (t¼ 0.85, P¼ 0.40). These results indicate that

psychopaths and non-psychopaths do not exhibit significant overall

differences in reward- or loss-related activity in VS.

The second question is whether the relationship between psychop-

athy severity and VS reward/loss sensitivity is consistent across the

entire spectrum of psychopathy severity, or if the relationship differs

depending on whether one exhibits low or high levels of psychopathic

traits. To address this question, we calculated the correlation between

overall psychopathy severity (total PCL-R score) and reward-related

VS activity (gain-loss in left VS), separately for the psychopathic and

non-psychopathic groups. Non-psychopaths exhibited no significant

correlation between left VS activation for gain–loss and total PCL-R

score (r¼�0.04, P¼ 0.85). In contrast, psychopaths exhibited a strong

and significant positive correlation between left VS gain–loss activity

and total PCL-R score (r¼ 0.74, P¼ 0.0004; Figure 2A). A direct test

comparing the total PCL-R score/VS gain–loss activity correlations

indicates a highly significant difference between non-psychopathic

and psychopathic groups (Z¼�2.87, P¼ 0.004). These results indicate

that the relationship between reward/loss-related VS activity and

psychopathy severity is significantly different for psychopaths and

non-psychopaths.

We next examined whether the observed group difference in cor-

relation between VS gain–loss activity and PCL-R score could be

due primarily to either the VS response to gain or loss, individually,

or if it is due to the combination of the two. To address this

question, we computed separate within-group correlations between

PCL-R score and VS activity for the gain–neutral and loss–neutral

contrasts, respectively (Figure 2B and C). Among non-psychopaths,

there was no significant correlation between PCL-R score and VS

activity for either contrast (gain–neutral: r¼�0.14, P¼ 0.54;

loss–neutral: r¼ 0.02, P¼ 0.93). Among psychopaths, there was a

non-significant correlation for gain–neutral (r¼ 0.23, P¼ 0.36) and

a significantly negative correlation for loss–neutral (r¼�0.61;

P¼ 0.007). A direct test comparing the total PCL-R score/VS

reward-activity correlations shows no significant difference between

non-psychopathic and psychopathic groups for the gain–neutral

contrast (Z¼�1.09, P¼ 0.28) and a marginally significant difference

between groups for the loss–neutral contrast (Z¼�1.99; P¼ 0.05).

In neither the gain–neutral nor loss–neutral contrast was the cor-

relation with PCL-R score among psychopaths as strong as in the

gain–loss contrast (r¼ 0.72, P¼ 0.0004); hence, the significant posi-

tive correlation between PCL-R score and gain–loss VS activity can

be viewed as a combination of positive correlation with gain–neutral

activity and negative correlation with loss–neutral activity. However,

given that the loss–neutral correlation was much stronger than the

gain–neutral correlation, this finding appears to be driven primarily

by the loss–neutral VS activity.

As a follow-up to the VS activity finding, we examined structural

characteristics of VS to determine whether we could observe similar

differences between psychopaths and non-psychopaths. Specifically, we

computed volumes of striatal subregions for each group

(Supplementary Table S2). There were no significant between-group

differences in mean volume for any of the subregions (all P > 0.28).

However, like the VS activity results described previously, there was a

significant difference between groups in the correlation between VS

volume and PCL-R score (Figure 3). Volume of the right accumbens

area was not significantly correlated with PCL-R score among non-

psychopaths (r¼�0.13, P¼ 0.55) but significantly positively corre-

lated with PCL-R score among psychopaths (r¼ 0.56, P¼ 0.02).
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Again these within-group correlations were significantly different

between psychopaths and non-psychopaths (Z¼ 2.24, P¼ 0.03).

As another follow-up, we examined the relationship between psych-

opathy severity and a widely used self-report measure of behavioral

motivation (BIS/BAS) in a much larger sample of inmates (n¼ 93

psychopaths and n¼ 117 non-psychopaths). BIS scores indicate anx-

iety and behavioral inhibition, whereas BAS scores indicate sensitivity

to appetitive stimuli and reward. The BAS results closely mirrored the

VS functional and structural imaging findings. Among non-psycho-

paths, there was no significant correlation between PCL-R score and

BAS score (r¼�0.06, P¼ 0.51), but among psychopaths, there was a

significant positive correlation between PCL-R score and BAS score

(r¼ 0.26, P¼ 0.01; Figure 4). These correlations were significantly

different between groups (Z¼ 2.31, P¼ 0.02). We observed no

such group difference for BIS scores; both psychopaths and non-psy-

chopaths exhibited no significant correlation between BIS score and

PCL-R score (r¼�0.19 and r¼�0.05, respectively; Z¼ 1.01,

P¼ 0.31).

Finally, we examined the relationship between the main dependent

measures related to reward processing (VS activity, accumbens volume

and BAS score) and the two factor scores of the PCL-R

(Supplementary Table S3). For both groups, the correlational

relationships for each factor score were similar to the correlational

relationships for total PCL-R score.

DISCUSSION

The aim of this study was to evaluate the neural substrates of reward

and loss sensitivity in criminal psychopaths. For decades, psychopathy

researchers have theorized that deficits in processing reward and pun-

ishment may underlie the impulsive and remorseless behavior of crim-

inal psychopaths (Cleckley, 1941; Lykken, 1957; Fowles, 1980;

Gorenstein and Newman, 1980; Blair, 2008). Although we found no

overall differences in the mean level of VS activity in response to

reward or loss between psychopaths and non-psychopaths, we did

observe a marked difference in the relationship between VS activity

to reward vs loss and psychopathy severity between the two groups,

with non-psychopaths exhibiting no significant correlation and psy-

chopaths exhibiting a strong positive correlation. This positive correl-

ation with gain–loss VS activity in psychopaths appeared to be driven

primarily by a negative correlation with loss–neutral VS activity.

Volume of the accumbens area of right VS also correlated positively

with psychopathy severity among psychopaths, but not non-psycho-

paths. Moreover, in an analysis of self-reported reward sensitivity and

appetitive motivation, we again observed a similar pattern (i.e. no

Fig. 1 (A) Bilateral activation in VS in response to gains relative to losses, displayed at P < 0.005 uncorrected. (B) Activation in left VS in response to gains relative to losses, corrected for multiple comparisons.
Peak activation at MNI coordinates: x¼�21, y¼ 9, z¼�9; 48 voxels, P < 0.005 uncorrected, �¼ 0.05. (C) Bar graph showing the average percent signal change across all 48 voxels of the task-activated
region of left VS for non-psychopaths (NP), psychopaths (P) and across all subjects (All). Error bars indicate S.E.M.
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significant correlation with psychopathy severity among non-psycho-

paths, but a strong positive correlation among psychopaths). These

convergent neurofunctional, neurostructural and psychological results

provide novel evidence that reward and loss processing may play a key

role in psychopathic behavior.

We believe that these results indicate a potentially important inter-

action between psychopathy severity and sensitivity to rewards relative

to losses. Among non-psychopaths, neither reward nor loss sensitivity

(as measured by VS response and BAS self-report) had a significant

relationship with psychopathy severity. We propose that this is because

greater levels of reward sensitivity in non-psychopaths may be ad-

equately tempered by intact behavioral control mechanisms, ultimately

yielding no significant relationship between reward/loss sensitivity and

overtly reckless behavior. Psychopaths, on the other hand, notoriously

lack such behavioral restraints. Thus, greater differences in VS activity

to rewards relative to losses and greater levels of appetitive motivation

in psychopaths may directly correspond to greater levels of impulsive,

careless and irresponsible (‘psychopathic’) behavior.

This study features several methodological strengths. This is the first

fMRI study of reward and loss processing in a group of stringently

classified psychopaths (PCL-R �30). Moreover, the group of n¼ 18

criminal psychopaths is the largest such sample ever collected for a

task-related fMRI study. In addition, the combination of functional

and structural MRI analyses in a study of criminal psychopathy is

unique to our research group (Motzkin et al., 2011; Ly et al., 2012)

and offers convergent support for our conclusions.

Fig. 2 Correlation of percent signal change across all 48 voxels of the task-activated region (left VS; see Figure 1B) and PCL-R scores for (A) gain–loss: activity in left VS had no correlation with PCL-R score for
non-psychopaths (r¼�0.04, P¼ 0.85) but positive correlation with PCL-R score for psychopaths (r¼ 0.74, P¼ 0.0004); (B) gain–neutral: activity in left VS had no correlation with PCL-R for non-psychopaths
(r¼�0.14, P¼ 0.54) but slight positive correlation with PCL-R score for psychopaths (r¼ 0.23, P¼ 0.36); (C) loss–neutral: activity in left VS had no correlation with PCL-R score for non-psychopaths
(r¼ 0.02, P¼ 0.93) but negative correlation with PCL-R score for psychopaths (r¼�0.61, P¼ 0.007).
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Fig. 3 (A) Three-dimensional-rendered striatal subregions of a representative subject. Inset: coronal slice illustrates the segmentation. (B) Correlation of right accumbens area volume (mm3) and PCL-R score.
Volume in this region of VS had no correlation with PCL-R score for non-psychopaths (r¼�0.13, P¼ 0.55) but positive correlation with PCL-R score for psychopaths (r¼ 0.56, P¼ 0.02). See Supplementary
Table S2 for group mean volumes.

Fig. 4 BAS scores and PCL-R scores had no correlation for non-psychopaths (r¼�0.06, P¼ 0.51) but positive correlation for psychopaths (r¼ 0.26, P¼ 0.01).
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One potential limitation worth considering is the range of PCL-R

scores of participants in the MRI correlation analyses, particularly for

the psychopathic inmates. For the VS fMRI and volumetric data

(Figures 1–3), the psychopathic group had PCL-R scores that ranged

from 30 to 36 (out of a maximum possible range of 30–40). Although

this relatively narrow range of psychopathic PCL-R scores yielded

highly significant P-values (e.g. P¼ 0.0007 for correlation with VS

gain–loss fMRI data and P¼ 0.02 for correlation with VS volumetric

data), we were nonetheless concerned that the observed relationship

may not hold for larger numbers of psychopathic inmates with a

greater range of psychopathy severity. To address this concern, we

analyzed previously collected BAS data from a much larger group of

inmates (Newman et al., 2005; Wallace et al., 2009). The BAS scale is a

widely used measure of reward sensitivity in psychological research

(Bijttebier et al., 2009). We reasoned that if greater differences in VS

activation in response to monetary gains relative to monetary losses are

related to approach-related motivation at the psychological level, then

we should observe a similar relationship between BAS score and PCL-R

score. Indeed, this is what we found: no significant correlation among

non-psychopaths but a significant positive correlation among psycho-

paths (Figure 4). Importantly, the n¼ 93 psychopaths in this follow-up

study spanned nearly the full range of PCL-R scores (30–39). Hence,

we believe that the fMRI and BAS data provide convergent support for

our interpretation.

At first glance, our results may not appear to be entirely consistent

with previous fMRI studies correlating psychopathic traits with

increased reward-related VS activity (Buckholtz et al., 2010; Bjork

et al., 2012). We see two possible reasons for this apparent discrepancy.

One is the difference in task paradigms. The previous studies examined

VS responses during the anticipation of monetary gain (relative to no

gain), whereas our study examined VS responses to the receipt of

monetary gain, monetary loss and no gain. A second important dif-

ference is the participant sample. The previous studies used commu-

nity samples, which were likely composed entirely of non-psychopaths,

as the prevalence of psychopathy in the general U.S. adult population is

believed to be <1% (Hare, 2003), and likely even lower among subjects

screened for substance use history. In fact, the severity of ‘psychopathy’

in these non-incarcerated community samples is almost certain to be

dramatically lower than even our sample of non-psychopathic criminal

offenders, who had PCL-R scores ranging from 7 to 20 (mean of 14.1;

Table 1). Given these considerable differences between study designs

and subject populations, we believe that our study has generated

unique standalone data on the neural substrates of reward and loss

processing in actual psychopaths.

The results of this study may inform a broader discourse on cat-

egorical (i.e. qualitatively distinct type of individual) vs dimensional

(i.e. quantitatively greater degree of certain traits or characteristics)

perspectives on psychiatric disorders (Chabernaud et al., 2012).

Despite ample empirical support for the dimensional conception of

psychopathy (Marcus et al., 2004; Edens et al., 2006; Walters et al.,

2007, 2008), there are at least two previous studies indicating categor-

ical effects (Patrick et al., 1993; Young et al., 2012). The present neuro-

biological data join these previous psychophysiological and behavioral

findings in demonstrating categorically distinct features of psychop-

athy. To address this issue more definitively from a neuroscientific

standpoint, future brain imaging studies using larger samples that in-

clude individuals spanning the entire range of psychopathy severity

will be necessary to determine whether there are indeed certain neuro-

biological correlates of psychopathy that appear to be non-dimensional

in nature.

Overall, this study yields unique and novel data on the neurobiology

of reward and loss processing and psychopathy. The functional and

structural neuroimaging data presented here converge to demonstrate

that brain–behavior relationships among criminal psychopaths differ

significantly from non-psychopathic offenders.

SUPPLEMENTARY DATA

Supplementary data are available at SCAN online.
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