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Abstract
Background—Psychopathic traits are associated with increases in antisocial behaviors such as
aggression and are characterized by reduced empathy for others’ distress. This suggests that
psychopathic traits may also impair empathic pain sensitivity. However, whether psychopathic
traits affect responses to the pain of others versus the self has not been previously assessed.

Method—We used whole-brain functional magnetic resonance imaging (fMRI) scanning to
measure neural activation in 14 adolescents with Oppositional Defiant Disorder or Conduct
Disorder and psychopathic traits, as well as 21 healthy controls matched on age, sex, and
intelligence. Activation in structures associated with empathic pain perception was assessed as
adolescents viewed photographs of pain-inducing injuries. Adolescents imagined either that the
body in each photograph was their own or that it belonged to another person. Behavioral and
neuroimaging data were analyzed using random-effects analysis of variance.

Results—Youths with psychopathic traits showed reduced activity within regions associated
with empathic pain as the depicted pain increased. These regions included rostral anterior
cingulate cortex, ventral striatum (putamen), and amygdala. Reductions in amygdala activity
particularly occurred when the injury was perceived as occurring to another. Empathic pain
responses within both amygdala and rostral anterior cingulate cortex were negatively correlated
with the severity of psychopathic traits as indexed by PCL:YV scores.

Conclusions—Youths with psychopathic traits show less responsiveness in regions implicated
in the affective response to another’s pain as the perceived intensity of this pain increases.
Moreover, this reduced responsiveness appears to predict symptom severity.
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INTRODUCTION
Psychopathic traits, including reduced empathy and guilt, affect a subgroup of youths with
the disruptive behavior disorders Conduct Disorder and Oppositional Defiant Disorder
(Christian, Frick, Hill, Tyler, & Frazer, 1997). These traits are detectable early in childhood,
persist into adulthood, and heighten risk for recurrent antisocial acts and criminal behaviors
(Lynam, Loeber, & Stouthamer-Loeber, 2008). Youths with psychopathic traits are
characterized clinically by reduced empathy, but whether psychopathy impairs youths’
empathic pain responses is currently unknown.

Viewing or imagining pain typically elicits activation in a distributed network of regions that
includes the anterior cingulate cortex, anterior insula, amygdala, striatum, somatosensory
cortex, supplementary motor cortex, and periaqueductal gray (see Lamm, Decety, & Singer,
2011). These regions include those mediating both somatosensory (e.g., somatosensory
cortex) and affective dimensions of pain processing (e.g., anterior cingulate cortex, insula,
striatum, and amygdala) (Singer et al., 2004). In youths, the amygdala may play a
particularly strong role in empathy for pain (Decety & Michalska, 2010). If psychopathy
impairs pain responding, youths with psychopathic traits should show reduced activation
within regions mediating affective pain responses. However, the opposite was reported in a
small sample (N=8) of youths with Conduct Disorder, who exhibited elevated responses to
accidental pain in insula, anterior cingulate cortex, amygdala and dorsal striatum (Decety,
Michalska, Akitsuki, & Lahey, 2009). Increased amygdala responding to aversive images
has been previously reported in youths with Conduct Disorder (Herpertz et al., 2009).
However, these studies did not examine the moderating influence of psychopathic traits,
which affect approximately 30% of youth with Conduct Disorder (Christian et al., 1997).
Conduct Disorder without psychopathic traits may be associated with heightened emotional
lability and responsiveness (Frick & Dickens, 2006). Thus, we wished to test whether youths
with disruptive behavior disorders and psychopathic traits show increased responsiveness to
pain stimuli, consistent with the previous study of Conduct Disorder (Decety et al., 2009), or
reduced responsiveness, consistent with reports of individuals with psychopathic traits
(Birbaumer et al., 2005; Kiehl et al., 2001; Marsh et al., 2008; Jones et al., 2009; Marsh et
al., 2011; White et al., 2012).

Given that reduced empathy is an essential clinical component of psychopathy, we also
specifically aimed to examine responses to the pain of others. Previous work has established
that very similar patterns of activation are observed in the pain matrix during empathic pain
and pain experienced by the self (Lamm, Decety, & Singer, 2011). Therefore, following a
previously validated procedure, participants viewed pain stimuli while imagining the victim
to be themselves (Own Pain condition) or another person (Other’s Pain condition), the latter
representing empathic pain perception (Jackson, Meltzoff, & Decety, 2005). This enabled us
to assess whether atypical pain responsiveness in youths with psychopathic traits is
particularly marked for empathic pain.

METHODS
PARTICIPANTS

Thirty-seven participants recruited through newspaper ads, fliers, and referrals underwent
fMRI scanning, including 15 male and female adolescents (ages 10–17) with Oppositional
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Defiant Disorder or Conduct Disorder and psychopathic traits and 22 control participants
(Table 1). Data from 2 participants, one from each group, were excluded due to movement >
4 mm. (These youths were included in behavioral analyses; behavioral responses were not
used to create regressors, so this does not affect imaging analyses.) Written informed assent
and consent were obtained from participating youths and parents. This study was approved
by the Institutional Review Board at the National Institute of Mental Health.

Youths and parents were administered the Kiddie Schedule for Affective Disorders and
Schizophrenia (K-SADS-PL; Kaufman et al., 1997) by an experienced clinician trained and
supervised by an expert child psychiatrist (D.S. Pine). This clinician was trained to show
good inter-rater reliability (kappa >0.75 for all diagnoses). A trained researcher administered
the Wechsler Abbreviated Scale of Intelligence (Wechsler, 1999). Exclusion criteria for all
participants included pervasive developmental disorder; substance dependence; Tourette’s
syndrome; current or lifetime history of psychosis; depression; bipolar disorder; generalized,
social, or separation anxiety disorder; post-traumatic stress disorder; neurologic disorder;
history of head trauma; and IQ less than 75. No youths in either group met criteria for
substance abuse or dependence. All parents completed the Antisocial Process Screening
Device (APSD) (Frick & Hare, 2001; Frick et al., 2000), a 20-item parent-completed
instrument assessing psychopathic traits and conduct and impulsivity problems in youths.
Youths meeting K-SADS-PL criteria for Conduct Disorder or Oppositional Defiant Disorder
returned to complete the Psychopathy Checklist-Youth Version (PCL:YV) (Forth, Kosson,
& Hare, 2003). This 20-item instrument assesses adolescent interpersonal/affective deficits
and antisocial behavior, which correspond to the two-factor solution originally proposed for
this instrument (Forth et al., 2003; Forth, 1995; Harpur, Hare, & Hakstian, 1989).
Researchers’ scoring followed separate semi-structured interviews of the participant and a
parent or guardian and demonstrated good inter-rater reliability (R=0.91). Youths scoring ≥
20/40 on both APSD and PCL:YV were included in the psychopathic traits group consistent
with prior studies (Marsh et al., 2011; Marsh et al., 2008; Finger et al., 2008). Healthy
controls did not meet criteria for any K-SADS-PL diagnosis and scored <20 on the APSD.

STIMULI AND TASK
The task is a validated paradigm in which participants view 90 photographs of hands and
feet, 30 featuring severe pain (e.g., toes shut in a door), 30 featuring moderate pain (e.g.,
toes being stubbed against a door frame), and 30 featuring neutral situations (e.g., a foot on
the floor next to a door) (Jackson, Brunet, Meltzoff, & Decety, 2006). Participants
completed three runs of the task after reading the following instructions,

“In this task you will be viewing pictures of hands and feet in different situations.
Your job will be to evaluate how painful each situation is using the buttons you are
holding. Each picture you see will be presented with a rating scale like this [a
sample rating scale was shown]. You will use the buttons 1 through 4 that you will
holding to evaluate the level of pain. Also, in between each small group of slides,
you will see a slide that says either “YOURSELF” or “SOMEONE ELSE.” For all
the slides that follow, please imagine that the situation in the picture is happening
either to you or to somebody else. So for example, if you saw this series of slides
[sample YOURSELF prompt and image slides were shown], you would rate what
level of pain you would experience in those situations. And then if you saw this
series of slides next [sample YOURSELF prompt and image slides were
presented], you would switch to rating what level of pain someone else (meaning a
specific but unfamiliar person) would experience in those situations.”

The validity of this paradigm has been supported by previously published work (Jackson et
al., 2006; Lamm et al., 2007), which has established that this task results in pain network
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activation comparable to that resulting from a variety of pain tasks (Lamm et al., 2011;
Singer et al., 2004). As noted, participants switched perspectives following “Yourself” and
“Someone Else” prompt slides. After each prompt, participants viewed 6 images, during
which they rated how painful each image appeared using a 4-point scale anchored by “No
pain” and “Worst possible pain” (Figure 1). Prompts comprised the blocked component of
the design, and pain level the event-related component. Responses were collected using a 4-
button box.

Participants viewed each stimulus twice: once following a Yourself prompt, and once
following a Someone Else prompt. Each prompt was 3 sec and was followed by a 3 sec
fixation, then 6 image trials. Each image trial was 3 sec, consisting of an image (2.7 sec)
then a fixation (0.3 sec). Response data were collected during the entire trial. Each of 3 task
runs contained 10 prompts, 60 image trials, and 30 “jitter” fixation trials (3.0 sec)
interspersed between images. The inclusion of jitter trials increases power in event-related
fMRI paradigms (Dale, 1999). Each run of the task began and ended with a 15 sec fixation,
making each run of the task 5.5 minutes long. Four possible randomized sequences of
stimulus presentations were created for the task. Each participant was randomly selected to
view one of the four sequences.

SCANNING ACQUISITION
T2* weighted images were collected during fMRI scanning using a 1.5 Tesla GE Signa
scanner (GE Medical Systems, Milwaukee, WI) (matrix 64×64; repetition time, 3000
milliseconds; echo time, 30 milliseconds; field of view, 240 mm; voxels, 3.75×3.75×4).
Functional images were acquired with a gradient echo-planar imaging (EPI) sequence (axial
plane, 31 contiguous axial slices). The task was yoked to the repetition time intervals. High-
resolution T1-weighted anatomical images were also acquired (three-dimension Spoiled
GRASS with inversion recovery prep pulse; number of 1.5 mm axial slices, 128; field of
view, 240 mm; number of acquisitions, 1; repetition time, 8.1 ms, echo time, 1.8
milliseconds; matrix, 256×256).

PRE-PROCESSING OF NEUROIMAGING DATA
Imaging data were pre-processed and analyzed using Analysis of Functional Neuroimages
(AFNI). The first 4 trials of each run were discarded, and then functional images from the 3
time series were concatenated, despiked, motion corrected, spatially smoothed using a 6.0
mm full-width half-maximum Gaussian filter, and activation outside the brain was masked.
The time series was then normalized such that the resulting regression coefficients
represented a percent signal change from the mean. Regressors were created for Own Pain
and Other’s Pain trials and weighted according to the intensity of depicted pain (severe,
moderate, or none) according to a priori classifications of the images into each category. A
regressor of no interest was created for trials in which participants did not provide a
response. Fixation trials were modelled implicitly.

All regressors were created by convolving the train of stimulus events with a gamma-variate
hemodynamic response function. Linear regression modeling used the full set of regressors
to model baseline drift and residual motion artefact. The baseline was modeled by a 1st-
order function and motion artefacts were modeled using the 6 estimated rigid-body motion
parameters. This produced a beta coefficient and associated t statistic for each voxel and
regressor. Participants’ anatomical scans were individually registered to the Talaraich and
Tourneoux Atlas, as normalization of adolescent brains does not appear to introduce major
distortions during event-related fMRI (Burgund et al., 2002).
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DATA ANALYSIS
Behavioral data were analyzed using a 2 (group: psychopathic traits, healthy controls) × 2
(condition: Own Pain, Other’s Pain) × 3 (pain intensity: severe, moderate, none) repeated-
measures analysis of variance (ANOVA) on both participants’ responses to the images and
on their response times. Main effects and interactions are reported at p<0.05, two-tailed.

Whole-brain group analyses on the event-related blood oxygen level dependent (BOLD)
data were conducted in AFNI. To identify the main effect of pain, we conducted a whole-
brain single sample contrast comparing regressors weighted according to the intensity of
depicted pain to a baseline of zero. Thus, regions of activation would be identified to the
extent that increasing activation corresponded to increasing intensity of depicted pain.
Again, consistent with prior work incorporating these stimuli, pain intensity in analyses of
imaging data was determined according to our a priori classifications, not according to
participants’ own ratings (Jackson et al., 2006), and regressors were weighted according to
these classifications.

Next, in order to identify whether activation in the hypothesized brain regions is
differentially associated with pain perception across groups, we used two analytic strategies.
First, to identify whether a true group × emotion interaction existed we conducted a whole-
brain analysis of group differences across conditions using a 2 (group: psychopathic traits,
healthy controls) × 2 (condition: Own Pain, Other’s Pain) ANOVA. Consistent with prior
work featuring analyses of variance (White et al., 2012), initial thresholding was set at a p
value of p < 0.005, with an extant threshold of 10 contiguous voxels, a combination that has
been demonstrated to produce a desirable balance between Type I and Type II error rates, a
critical consideration for omnibus interactions (Lieberman & Cunningham, 2009). Second,
to investigate the nature of interaction effects, we performed focused tests of our hypothesis,
calculated independently from the ANOVA, by conducting whole-brain contrasts within
AFNI For these contrast tests, we applied a threshold that yielded a whole-brain false
discovery rate (FDR)<0.05 across contrasts (p<0.0001, uncorrected, with an extent threshold
of 10 voxels). Areas of differential activation that survive both analytic strategies are
reported. We also examined the main effect of pain intensity in both groups combined to
determine responsiveness to pain stimuli across groups. This was achieved using a single
sample contrast test.

Additional planned analyses were performed on mean parameter estimates extracted from
the functionally defined clusters identified by the ANOVA. Independent samples t tests were
performed to specify the nature of main effects and interactions. We also assessed the
relationship between PCL:YV scores and patterns of atypical activation in youths with
psychopathic traits. These analyses were conducted within the clinical population only, so
they are independent from the original ANOVA conducted across groups and do not
introduce statistical bias. Two follow-up ANOVAs were also conducted that excluded,
respectively, youths with diagnoses of ADHD or reported use of psychotropic medication to
rule these variables out as contributing to identified group differences in neural activation.

RESULTS
BEHAVIORAL DATA

Results of the ANOVA revealed no main effects or interaction involving the effects of
condition or group (all p>.10). A significant main effect of pain intensity was identified,
F(2,70)=202.94, p<.001, such that participants judged severe pain stimuli as the most
painful, M=3.19, SD=0.46, followed by moderate pain, M=2.51, SD=0.43, followed by
neutral, M=1.57, SD=0.44. Analysis of response times revealed no significant main effects
or interactions (all p>.10).
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No significant group differences in average movement during scanning were observed in
any plane (all p > .10).

IMAGING DATA
As noted above, group differences in responses to the images were analyzed using a 2
(group: psychopathic traits, healthy controls) × 2 (condition: Own Pain, Other’s Pain) × 3
(pain intensity: severe, moderate, none) ANOVA. Main effects and interactions for the
ANOVA are presented in Table 2. The regions reported in the table are the only regions
implicated in the whole brain analysis at the predetermined threshold.

We first determined whether youths with psychopathic traits show reduced or increased
responsiveness in regions previously associated with pain responding. The results of the
ANOVA, F(2,66)=9.09, p<.005, identified a main effect of group in several of these regions,
including left and right rostral anterior cingulate cortex (Figure 2a) and ventral striatum
(putamen) (Figure 2b); within all regions, healthy youths showed greater increases as a
function of apparent pain intensity relative to youths with psychopathic traits.

We next examined whether psychopathy differentially moderates responses to Other’s Pain
versus Own Pain. The results of the group-by-condition interaction, revealed significant
clusters of differential activation within the left amygdala/uncus (Figure 2c), left superior
frontal gyrus, insula and right rostral anterior cingulate cortex. Within all regions (except
rostral anterior cingulate cortex) healthy youths showed greater increases in activation than
youths with psychopathic traits to Other’s Pain, t(33)=3.15, 3.72, 2.23; p<.005, <.001, <.05
respectively) whereas no group differences were observed to Own Pain (all p >.10). No
group differences in rostral anterior cingulate cortex emerged in either condition (p >.10).
Planned contrasts conducted in AFNI confirmed that this interaction was driven by greater
differentiation between groups during the Other’s Pain condition. A significant cluster in left
amygdala/uncus emerged for this contrast, xyz=−13, −3, −23, 11 voxels, as well as a frontal
cluster spanning the left superior frontal gyrus, insula, and rostral anterior cingulate cortex,
xyz=11, 17, 68, t(33)=3.62 p<.05 (whole-brain FDR corrected for multiple comparisons).
No comparable clusters emerged for the Own Pain contrast.

We examined the main effect of pain intensity across groups using a single sample contrast
test, which revealed increases in activity as a function of pain intensity within dorsomedial/
dorsal anterior cingulate cortex, bilateral anterior insula, supplementary motor cortex, and
somatosensory cortex (see Figure 3; Table 3). These significant relationships between pain
intensity and increased BOLD responses were seen in both groups.

Among youths with psychopathic traits, we then assessed the relationship between symptom
severity as assessed by the PCL:YV and responsiveness in four regions previously linked to
pain responding and identified by the ANOVA (Table 4). Within the amygdala, r(12)=-.55,
p<.05, and left rostral anterior cingulate cortex, r(12)=-.63, p<.05, increases in activity were
inversely correlated with interpersonal and affective features of psychopathy (Factor 1) but
not antisocial behavior features (Factor 2) for Other’s Pain only (Figure 2a and 2c). No
significant Own Pain correlations were identified. Because of our relatively small sample,
we regressed mean parameter estimates for the identified clusters against Factor 1 scores and
generated Mahalanobis distance values to identify multivariate outliers and found none for
any variable (all ps>.05). Correlations between symptom severity as assessed by the APSD
(either total score or CU subscale) and responsiveness in the four regions identified above
were not significant.
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CONTROLLING FOR ALTERNATE HYPOTHESES
Psychopathic traits include symptoms consistent with ADHD diagnoses (e.g., impulsive
behavior), however, evidence suggests that aberrant patterns of neural activation in ADHD
are dissociable from the characteristic deficits seen in youths with psychopathic traits (4).
Nonetheless, the preceding analysis was repeated separately without the 8 youths with
psychopathic traits who met criteria for ADHD. In this study, the effects of interest were
replicated when including only youths without ADHD diagnoses, with similar group-by-
condition effects observed within the amygdala/parahippocampal gyrus (xyz=−13, −12,
−23) and a region proximal to the original insula cluster (xyz=29, −9, 28) and group effects
within the left rostral anterior cingulate (xyz=−7, 32, 23).

To account for possible effects of medication use, the analysis was again repeated excluding
2 youths with psychopathic traits taking psychotropic medication. The effects of interest
were again replicated, with similar group-by-condition effects within the amygdala (xyz=
−16, −6, −23) and a region proximal to the insula cluster identified in the original analysis
(xyz=32, −22, 25), and group effects within the rostral anterior cingulate cortex (xyz=−1, 35,
24).

DISCUSSION
The current study addressed two features of pain perception in youths with psychopathic
traits. First, it investigated whether youths with psychopathic traits show heightened or
reduced responses within regions associated with pain responding. Second, it assessed
responses to Other’s Pain relative to Own Pain. Youths with psychopathic traits showed
reduced responsiveness in rostral anterior cingulate cortex and right ventral striatum
(putamen/lentiform nucleus) to increases in perceived pain. In addition, within amygdala
and insula, these youths showed lack of response to increases in Other’s Pain, but not Own
Pain. The severity of interpersonal and affective features of psychopathy was inversely
associated with responsiveness to Other’s Pain, but not Own Pain, within amygdala and left
rostral anterior cingulate cortex.

Youths with psychopathic traits exhibit reduced amygdala responses to fearful facial
expressions (Marsh et al., 2008; Jones et al., 2009; White et al., 2012; Viding et al., 2012)
and during affective theory of mind tasks (Sebastian et al., 2012). Reduced amygdala
responses to sad facial expressions have also been reported in youths with undifferentiated
Conduct Disorder (Passamonti et al., 2010). These deficits may be critical to increased
interpersonal violence in psychopathy, as fearful and sad facial expressions may modulate
aggressive behavior, and accurate perception of these cues is associated with empathic
arousal and the inhibition of violence (Blair, 2005; Marsh, Adams, & Kleck, 2005; Marsh,
Kozak, & Ambady, 2007). And, importantly, fear and sadness are states that typically
accompany the anticipation of, and response to, infliction of harm or pain. This study
extends the existing literature to pain cues themselves, showing psychopathic traits impair
empathic pain responses. It also links amygdala dysfunction to deficient empathic responses
to pain in psychopathy.

A distinction has been drawn between those regions mediating somatosensory responses to
pain and those mediating affective responses (Decety, 2010; Singer et al., 2004). Here,
youths with psychopathic traits showed appropriate BOLD responses to pain stimuli as a
function of intensity within somatosensory cortex (as well as dorsomedial frontal and
supplementary motor cortex), as did healthy youths (see Figure 3 and Table 3). This
suggests that psychopathy does not impair somatosensory responses to pain. Moreover,
these data importantly imply that putative group differences in imagery could not be the
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origin of the current results unless we assume that imagery effects are selective for the more
emotion-relevant regions of rostral anterior cingulate cortex, amygdala and the striatum.

Neurobiological accounts of psychopathy do not generally implicate somatosensory and
supplementary motor cortex (Blair, 2007; Kiehl, 2006). However, participants with
psychopathic traits showed dysfunction in regions mediating affective responses to pain. In
rostral anterior cingulate cortex and putamen, youths with psychopathic traits showed
reduced responsiveness to increasing Other’s and Own pain. In the amygdala, youths with
psychopathic traits showed reduced responsiveness to increasing Other’s Pain. Supporting
the specific link between psychopathy and impaired empathic pain, a selective inverse
relationship was also identified between amygdala and rostral anterior cingulate cortex
responses to Other’s Pain and the severity of the affective and interpersonal component (but
not the antisocial behavior component) of psychopathy.

That psychopathy is associated with reduced activity within putamen and rostral anterior
cingulate cortex is of particular interest, given divergent findings about activation in these
regions as a function of psychopathic traits. Increased dorsal striatal volume has been
reported in psychopathic adults (Glenn, Raine, Yaralian, & Yang, 2010), and a positive
correlation has been found between striatal gray matter volume and callous-unemotional
traits in children with Conduct Disorder (Fairchild et al., 2011). Functionally, atypical dorsal
striatal responses to reinforcement information have been reported in youths (Finger et al.,
2008; Finger et al., 2011) and adults (Buckholtz et al., 2010). Striatal dysfunction has been
linked to difficulties in reinforcement learning in this population (Finger et al., 2011).
Reduced ventral striatal activity in this study may reflect reduced reinforcement-based
learning to pain cues.

Dysfunction in anterior cingulate cortex has also been hypothesized in psychopathy (Kiehl,
2006), but the literature is equivocal. Reduced anterior cingulate cortex activity has been
reported in adults with psychopathic traits during fear conditioning (Birbaumer et al., 2005)
and affective memory tasks (Kiehl et al., 2001). But two studies in youths with psychopathic
traits report intact dorsal anterior cingulate cortex responding to unexpected punishments
(Finger et al., 2008) and response incongruency (Marsh et al., 2011). This apparent
inconsistency may relate to regional specialization within anterior cingulate cortex. The
region of anterior cingulate cortex implicated by Finger and colleagues (Finger et al., 2008),
and by Marsh and colleagues (Marsh et al., 2011), is dorsal to the region identified here and
in both instances activity was associated with increased response conflict. Mediation of
response conflict appears intact or even superior in individuals with psychopathic traits
(Hiatt, Schmitt, & Newman, 2004). By contrast, the region of anterior cingulate cortex
identified by Birbaumer and Kiehl and in this study is more closely tied to emotional
processing and is relatively rostral (Birbaumer et al., 2005; Kiehl et al., 2001). Moreover,
the region of ventromedial prefrontal cortex in which impaired reinforcement signaling was
previously seen (Finger et al., 2011) extends into rostral anterior cingulate cortex. The
current findings, in conjunction with earlier work (Birbaumer et al., 2005; Kiehl et al., 2001;
Finger et al., 2011; Marsh et al., 2011), suggest affective processing in more rostral anterior
cingulate cortex may be dysfunctional in psychopathy whereas the regions of dorsal anterior
cingulate cortex implicated in mediating response conflict may be preserved.

The current results contrast with those previously reported for youths with Conduct Disorder
undifferentiated by psychopathic traits (Decety et al., 2009). In that study, youths with
Conduct Disorder showed increased amygdala and striatum responses to accidentally
incurred pain. However, these data may be reconcilable. In this study, amygdala responding
to Other’s Pain was inversely related to interpersonal and affective component of
psychopathy, which is linked to empathy. But amygdala responses did not correspond to the
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impulsive and antisocial behavior factor of psychopathy. Thus, amygdala dysfunction to
Other’s Pain is progressively greater as the affective component of psychopathy becomes
more pronounced. Even among participants selected for elevated PCL:YV scores, an inverse
relationship emerged between the affective factor (also termed callous-unemotional traits)
and empathic responses in the amygdala. Youths with Conduct Disorder who do not have
callous-unemotional traits, constituting about 70% of the total, may exhibit increased
emotional lability (Blair et al., 2006; Frick & Dickens, 2006). Youths with Conduct Disorder
in the prior study of pain perception may have been predominantly emotional labile, had low
callous-unemotional scores, and, in line with the inverse relationship observed here, shown
increased amygdala responses to others’ pain. This pattern would be consistent with findings
assessing evoked response potentials in youths with Conduct Disorder who vary in
psychopathic traits (Cheng, Hung, & Decety, 2011).

There is considerable agreement that conduct problems can emerge via multiple
developmental trajectories (Crowe & Blair, 2008; Frick & White, 2008). Distinctions are
drawn between youth with conduct problems and callous-unemotional traits and those with
conduct problems and increased anxiety or impulsivity, which have led to suggestions of
primary and secondary psychopathy (Kimonis et al 2012). Primary psychopathy (cf.
Kimonis) is associated with reduced amygdala responses to fearful expressions and
dysfunctional striatal and ventromedial frontal cortex activity during reinforcement based
decision making (Marsh et al., 2008; Jones et al., 2009; Finger et al., 2011; Sebastian et al.,
2012; White et al., 2012; Viding et al., 2012). Conduct problems associated with secondary
psychopathy are associated with increased amygdala responses to threat and heightened
sensitivity to threat (Herpertz et al., 2008; Passamonti et al., 2010; Kimonis et al., 2012;
Viding et al., 2012); for a review of the putative neurobiological differences between these
forms of conduct problems, see Crowe and Blair (2008). The current study focused
primarily on youth with primary psychopathy and observed, consistent with previous
research (Marsh et al., 2008; Jones, et al., 2009; White et al., 2012), reduced amygdala
responses to pain stimuli. This reduction in amygdala activity became more marked as
psychopathic traits increased.

LIMITATIONS
Some limitations of this study should be considered. First, our behavioral measures revealed
no main effect of group or of target. This is consistent with the results of prior studies that
have employed simple evaluation tasks during neuroimaging paradigms (Decety et al.,
2009), and may reflect the use of different strategies by psychopathic and non-psychopathic
individuals to perform the task. Psychopathy is associated with increased reliance on areas
involved in executive functioning and semantic knowledge during socio-affective tasks
(Glenn, Raine, Schug, Young, & Hauser, 2009; Marsh & Cardinale, 2012). Similar group
differences may have facilitated task performance in psychopathic youths in this task, albeit
at subthreshold activation levels. It is not known whether psychopathy results in any
generalized effects on imagery, which we did not assess in this paradigm using a
questionnaire or other test. Imagery ability is clearly important in the present task, which
required study participants to imagine that the limbs depicted in photographs belonged to
themselves or another person. However, the fact that we did find extensive activation in
pain-relevant somatosensory regions across groups and across conditions of the task is
consistent with imagery being spared in psychopathy.

In addition, future research should precisely pinpoint whether the identified group
differences reflect disruptive behavior diagnoses or psychopathic traits. Mitigating this
concern, however, are the previously discussed correlations between interpersonal and
affective psychopathic traits and activation in amygdala and anterior cingulate cortex. These
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correlations strengthen our conclusion that the activation patterns we observed specifically
reflected psychopathic traits.

Potential alternate hypotheses should also be considered. A follow-up ANOVA excluded
youths with ADHD diagnoses, which are frequently comorbid with psychopathic traits, and
identified similar patterns of activation. Two youths in the present study were also taking
psychotropic medications, but a second follow-up ANOVA excluding these children again
resulted similar patterns of responding The consistent results of these ANOVAs, which both
resulted in a loss of statistical power, support the stability of the patterns we identified.
Finally, our sample size was similar to sample sizes use in many previous studies of this
population (Decety et al., 2009; Marsh et al., 2008; Marsh et al., 2011; White et al., 2012)
but the present findings should be replicated in a larger sample.

CONCLUSION
Adolescents with disruptive behavior disorders and psychopathic traits exhibited less
responsiveness to increasing perceived pain intensity within structures typically implicated
in affective responses to others’ pain. Given suggestions that the pain of others may trigger
empathic distress in the observer, providing a basis for moral development (Hoffman, 1982),
we conclude that dysfunction in response to others’ pain may contribute to the behavioral
deficits observed in this population.
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KEY POINTS

• Psychopathy is a developmental disorder associated with increases in disruptive
behavior and with reduced empathy. However, no previous neuroimaging study
has assessed empathic pain responding in psychopathy

• The results of this neuroimaging study found that adolescents with psychopathic
traits and disruptive behavior disorders show reduced activation in areas
associated with affective components of empathic pain, including striatum,
anterior cingulate cortex, and amygdala.

• Reduced responsivity in amygdala and rostral anterior cingulate cortex in
response to others’ pain (but not own pain) correlated with the severity of
psychopathic traits as measured by PCL:YV Factor 1 scores.

• These findings add to accumulating evidence regarding the importance of
assessing psychopathic traits to distinguish among adolescents with disruptive
behavior disorders. Disruptive adolescents with and without psychopathic traits
exhibit contrasting patterns of neural activation to stimuli like distress cues and
pain cues, suggesting that distinct neurobiological mechanisms underlie
behavioral disturbances in these groups.
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FIGURE 1.
Design of Neuroimaging Task and Sample Images
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FIGURE 2.
Clusters Identified Using a Group-by-Pain Condition Analysis of Variance. The images on
the left show the region of left rostral anterior cingulate cortex (A) in which a group effect
was observed; and regions of ventral striatum/putamen (B), and amygdala (C) in which a
group-by-pain condition interaction was observed. Center graphs summarize activation in
these regions of interest across groups and conditions. The scatter plots at right show
correlations between activation in these regions and Factor 1 scores on the Psychopathy
Checklist: Youth Version.
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FIGURE 3.
Clusters Identified Using a Single-Sample Contrast Across Groups. The images show
regions in which activation increased parametrically with increasing levels of perceived pain
including bilateral anterior insula and dorsomedial frontal cortex/dACC (A); periaqueductal
gray (B); supplementary motor cortex (C); and somatosensory cortex (D).
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TABLE 1

Characteristics of Youths With Psychopathic Traits and Healthy Comparison Participants.

Variable Healthy Control (N=21) Psychopathic traits (N=14) p-value

Age, y (SD) 14.3 (1.8) 15.4 (2.3) n.s.

IQ, mean (SD) 106.9 (12.9) 100.5 (10.9) n.s.

Male sex, No. (%) 15 (71%) 8 (57%) n.s.

DSM-IV diagnoses (current), No. (%)

 Conduct disorder 0 7 —

 Oppositional-defiant disorder 0 9 —

 Attention deficit hyperactivity disorder 0 8 —

Pediatric psychopathic trait rating scale scores, mean (SD)

 Antisocial Process Screening Device (APSD) 5.6 (3.8) 28.4 (4.8) <.001

 Psychopathy Checklist: Youth Version (PCL:YV) — 23.9 (3.5) —

  PCL:YV Factor 1 11.8 (2.2) —

  PCL:YV Factor 2 9.9 (2.5) —

Table includes youths included in neuroimaging analyses (excluding two youths with psychopathic traits and one healthy youth with excessive
movement during scanning).
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TABLE 4

Comparison of Regions in Which Activation Correlated With Psychopathy Checklist:Youth Version Scores in
Adolescents with Psychopathic Traits

PCL:YV Total Factor 1 Factor 2

Empathic Pain condition

 Left amygdala −0.29_ −0.55* 0.23_

 Left rostral anterior cingulate cortex −0.60* −0.63* −0.25_

 Right rostral anterior cingulate cortex −0.33_ −0.44_ 0.03_

 Right putamen −0.24_ −0.32_ −0.09_

Own Pain condition

 Left amygdala −0.27_ −0.35_ −0.16_

 Left rostral anterior cingulate cortex −0.12_ −0.14_ −0.10_

 Right rostral anterior cingulate cortex 0.07_ 0.26_ −0.06_

 Right putamen −0.24_ −0.16_ 0.03_

Correlations labeled with an asterisk (*) are significant at p<.05
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