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O b je c tiv e : Am ygdala dysfunction has
been reported to exist in youths and
adults w ith psychopathic traits. How ever, there has been disagreem ent as to
w hether this dysfunction reflects a prim ary em otional deficit or is secondary to
atypical attentional control. The authors
exam ined the validity of the contrasting
predictions.
M e th o d : Participants w ere 15 children
and adolescents (ages 10–17 years) w ith
both disruptive behavior disorders and
psychopathic traits and 17 healthy com parison youths. Functional M RI w as used
to assess the response of the am ygdala
and re gions im plicated in top-dow n attentional control (the dorsom edial and
lateral frontal cortices) to em otional expression under conditions of high and
low attentional load.
R e s u lts : Relative to youths w ith disruptive behavior disorders and psychopathic traits, healthy com parison subjects
show ed a significantly greater increase in
the typical am ygdala response to fearful

expressions under low relative to high attentional load conditions. There w as also
a selective inverse relationship betw een
the response to fearful expressions under low attentional load and the callousunem otional com ponent (but not the
narcissism or im pulsivity com ponent) of
psychopathic traits. In contrast, the tw o
groups did not differ in the significant recruitm ent of the dorsom edial and lateral
frontal cortices as a function of attentional load.
C o n c lu s io n s : Youths w ith disruptive behavior disorders and psychopathic traits
show ed reduced am ygdala responses to
fearful expressions under low attentional
load but no indications of increased recruitm ent of re gions im plicated in topdow n attentional control. These findings
suggest that the em otional deficit observed in youths w ith disruptive behavior
disorders and psychopathic traits is prim ary and not secondary to increased topdow n attention to nonem otional stim ulus features.
(A m J P sy c h ia try W h ite e t a l.; A iA :1 –9 )

Y

ouths with disruptive behavior disorders, including
conduct disorder and oppositional defiant disorder, show
increased aggression and antisocial behavior (1). A subset
of these youths also display psychopathic traits, including
callous-unemotional (e.g., lack of guilt and empathy), narcissistic (e.g., excessive bragging about one’s abilities), and
impulsive (e.g., acting without thinking) components (2).
These traits are detectable early in childhood and persist
into adulthood (3). Youths with both disruptive behavior
disorders and psychopathic traits are at highest risk for
recurrent antisocial behavior (1, 4). However, functional
MRI (fMRI) research investigating the pathophysiology
of these disorders and traits has only recently begun (e.g.,
5–9).
The presence of psychopathic traits, particularly the
callous-unemotional component, is thought to reflect
emotional processing deficits (10–12) and dysfunction
in the amygdala (11, 13), ventromedial frontal cortex,
A JP in A dva n ce

and caudate (6), although other regions, such as the cingulate cortex, may also be implicated (14). It is argued
that psychopathic traits reflect impairment in stimulusreinforcement learning and decision making (13). From
this perspective, a reduced amygdala response results in
impairment in an individual’s ability to learn to avoid actions associated with the distress of others (e.g., a victim’s
sadness). In line with this, youths with both disruptive
behavior disorders and psychopathic traits show reduced
autonomic responses to the distress of others (15), reduced recognition of fearful expressions (16), and reduced
amygdala response to fearful expressions (7, 8). Moreover,
reduced amygdala response to sad expressions in youths
with conduct disorder has been reported (9).
However, an alternative position on psychopathic traits
has been prevalent for some time (17, 18). According to
this view, the emotional dysfunction is not primary but
rather is a secondary consequence of an irregularity in ata jp.p sych ia tryo n lin e.o rg
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Tab l e 1 . D e m o g ra p h ic a n d C lin ic a l C h a ra c te ristic s o f Yo u th s W ith D isru p tiv e B e h a v io r D iso rd e rs a n d P sy c h o p a th ic Tra its
a n d H e a lth y C o m p a riso n S u b je c ts
Disruptive Behavior Disorders Plus
Psychopathic Traits Group (N=15)

Characteristic
Age (years)
IQ a
Antisocial Process Screening Device scores
Total
Callous-unemotional traits
Narcissistic traits
Impulsive traits
Gender
Male
Female
DSM-IV diagnosis
Conduct disorder
Oppositional defiant disorder
Attention deficit hyperactivity disorder

Mean
15.67
96.67

SD
2.53
8.83

29.13*
8.33*
8.87*
7.73*
N

5.17
1.80
3.02
1.75
%

12
3

80
20

11
4
8

73.33
26.67
53.33

Healthy Comparison Group (N=17)
Mean
14.50
101.19
4.47*
1.47*
1.12*
1.88*
N
9
8

SD
2.14
12.95
3.00
1.33
1.27
1.17
%
52.9
47.1

a Assessed using the Wechsler Abbreviated Scale of Intelligence (two-subtest form).
*p<0.05.

tention (17, 18). From this standpoint, the emotional deficits should be understood as a failure to process information that is peripheral to the focus of attention (18). These
problems with deliberate focusing of attention “can be understood as difficulty accommodating bottom-up, stimulus-driven information, especially when the bottom-up
information is inconsistent with or unrelated to the current top-down, effortful focus of attention” (17, p. 346).
Until recently (19), this attention-based model has
been focused on descriptions of information processing
functions rather than their neural correlates. However, it
is clear that brain regions implicated in top-down attentional control, such as the lateral frontal, dorsomedial,
and parietal cortices, affect the amygdala’s response to
emotional stimuli. Increased priming of task-relevant
representations by these regions is thought to reduce the
representational strength of emotional stimuli within
the temporal cortex, following representational competition (20), and consequently reduces amygdala responses
to these stimuli (21, 22). In short, the reduced emotional
responsiveness of individuals with elevated psychopathic
traits might be a secondary consequence of heightened
top-down attentional control in response to nonemotional stimulus features (23).
We tested two contrasting hypotheses regarding the
basis of emotion dysfunction in youths with disruptive
behavior disorders and psychopathic traits. Our first hypothesis was that amygdala-based emotion dysfunction is
primary (11, 13, 14). This predicts that 1) under low attentional load conditions, there will be a reduced amygdala
response to fearful expressions in these youths, but under
high attentional load conditions, both these youths and
healthy comparison subjects will show a reduced amygdala response to fearful expressions, and 2) both groups
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will show appropriate and equivalent significant increases
in activity in brain regions implicated in top-down attentional control (the dorsomedial and lateral frontal cortices) as a function of attentional load. Our secondary hypothesis was that the emotion dysfunction is secondary
to attentional irregularities (17, 18, 24). This also predicts
reduced amygdala responsiveness to fearful expressions
under low attentional load conditions in youths with behavior disorders and psychopathic traits. However, this
position predicts that these youths will show significantly
increased responses, relative to healthy youths, within regions implicated in top-down attentional control under
low attentional load.

M e th o d
P a rtic ip a n ts
Of the 32 youths (ages 10–17 years) who participated in this
study, 15 had disruptive behavior disorders and psychopathic
traits and 17 were healthy comparison subjects. Demographic
and clinical characteristics of both groups are summarized in
Table 1. The youths were recruited from the community through
advertising, flyers, and referrals from mental health practitioners.
Participants and their parents provided informed assent and consent. This study was approved by the National Institute of Mental
Health Institutional Review Board.
The Schedule for Affective Disorders and Schizophrenia for
School-Age Children (K-SADS [25]) was administered to all youths
and their parents by an experienced clinician who was trained
and supervised by expert child psychiatrists (interrater reliability
>0.75 for all diagnoses). The Wechsler Abbreviated Scale of Intelligence (two-subtest form) was used to assess IQ. Individuals were
excluded from participation if they had pervasive developmental disorder; Tourette’s syndrome; a lifetime history of psychosis;
depression; bipolar disorder; generalized, social, or separation
anxiety disorder; posttraumatic stress disorder; a neurologic disorder; a history of head trauma; a history of substance abuse; or
A JP in A dva n ce
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F IG U R E 1 . E m o tio n -A tte n tio n B a rs Ta sk a
Low-Load Trial (90˚)

a

High-Load Trial (16˚)

Participants indicated via button press whether the lines displayed were parallel (50% of trials) or not. Fifty percent of trials depicted fearful
expressions, and the remaining 50% of trials depicted neutral expressions.

an IQ <80. Additionally, parents completed the Antisocial Process
Screening Device (26), a measure of psychopathic traits. Youths
who met K-SADS criteria for conduct disorder or oppositional
defiant disorder and who had a score of 20 or greater on the Antisocial Process Screening Device were included in the behavior
disorders plus psychopathic traits group; those who met criteria
for conduct disorder or oppositional defiant disorder but had a
score <20 were excluded from the study. Individuals included in
the comparison group did not meet criteria for any diagnosis according to K-SADS and had a score <20 on the Antisocial Process
Screening Device. The groups did not differ significantly in age or
IQ or in terms of racial and gender breakdown (Table 1).

Participants completed one brief practice run outside of the
scanner and then five task runs in the scanner. Each run consisted
of 128 trials (48 parallel trials; 16 low-load, 16 medium-load, and
16 high-load trials; and 32 fixation trials to provide a baseline).
Fearful expressions were displayed in half of the trials, and neutral expressions were displayed in the other half. The run order
and the trial order within runs were randomized across participants. Because of technical difficulties, data were available for
only three runs for two participants in the behavior disorders plus
psychopathic traits group, and data for only four runs were available for one individual in the healthy comparison group and one
in the disorders group.

S tu d y M e a su re s

M R I P a ra m e te rs

A n tis o c ia l P ro c e s s S c re e n in g D e v ic e . The Antisocial Process
Screening Device is a 20-item parent-completed rating scale designed to assess three dimensions related to psychopathic traits
in youths: callous-unemotional traits, narcissism, and impulsivity. There is no established cutoff score for classification of a high
level of psychopathic traits (26). In line with previous work (5, 8),
we used a cutoff score of 20. All healthy comparison subjects in
our study had a score of 11 or lower on this measure. The measure
was completed by the parents during screening prior to their children’s entry into the study.

Participants were scanned using a 1.5-T GE Signa scanner
(General Electric, Waukesha, Wisc.). A total of 139 functional images per run were taken, with a gradient echo planar imaging
(EPI) sequence (repetition time=2500 msec; echo time=30 msec;
matrix=64×64; flip angle=90°; field of view=24 cm). Whole-brain
coverage was obtained using 31 axial slices (thickness=4 mm;
in-plane resolution=3.75 mm × 3.75 mm). A high-resolution anatomical scan (three-dimensional spoiled gradient recalled acquisition in a steady state; repetition time=8.1 msec; echo time=1.8
msec; field of view=24 cm; flip angle=20°; 128 axial slices; thickness=1.5 mm; matrix=256×256) in register with the EPI data set
was obtained; this scan covered the whole brain.

B a r s ta s k (2 7 ). We used a modified version of the emotion-attention bars task used in previous studies (27, 28). In this task,
participants were presented with faces flanked by lines (Figure 1).
The faces displayed either a fearful or a neutral affect. The flanking lines were either parallel (50% of trials) or nonparallel. Attentional load was manipulated by varying the degree of deviation
on nonparallel trials: 90° in the low-load (easy) condition, 24° in
the medium-load condition, and 16° in the high-load (hard) condition. Participants responded to the stimuli via button press according to whether the lines were parallel or nonparallel. Trials
began with the presentation of the stimulus (a face bracketed by
two bars) for 200 msec, followed by a blank screen for 1800 msec
and a 300-msec fixation. Participants could respond at any point
during the trial.

Im a g in g D a ta P re p ro c e ssin g
Imaging data were preprocessed and analyzed using the Analysis of Functional NeuroImages (AFNI) software package (29). At
the individual level, functional images from the first six repetitions, collected before equilibrium magnetization was reached,
were discarded. Functional images from the five time series were
motion-corrected and spatially smoothed with a 6-mm full-width
half-maximum Gaussian filter. The time series were normalized
by dividing the signal intensity of a voxel at each point by the
mean signal intensity of that voxel for each run and multiplying
the result by 100. Resultant regression coefficients represented a
percentage of signal change from the mean.
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Tab l e 2 . B ra in R e g io n s D e m o n stra tin g D iffe re n tia l B OL D R e sp o n se s in Ta sk P e rfo rm a n c e A m o n g Yo u th s W ith D isru p tiv e
B e h a v io r D iso rd e rs a n d P sy c h o p a th ic Tra its a n d H e a lth y C o m p a riso n S u b je c ts
Areas of Peak Activation b
Interaction and Region a

Hemisphere

Group-by-emotion-by-attentional load
Amygdala/lentiform nucleusc
Group-by-emotion
Middle temporal gyrus
Middle temporal gyrus
Main effect of attentional load
Dorsomedial frontal cortex
Inferior frontal cortex/insula
Inferior frontal cortex/precentral gyrus
Lingual gyrus
Main effect of group
Middle frontal gyrus
Superior frontal gyrus
Superior frontal gyrus
Inferior frontal cortex
Posterior cingulate cortex
Inferior temporal cortex
Declive
Lingual gyrus

Brodmann’s
Area

Left

Analysis
x, y, z

F (df=1, 30)

p

Voxels

–19.5, –13.5, –3.5

11.67

0.002

7

Left
Left

21
21

–52.5, –1.5, –15.5
–58.5, –7.5, –12.5

10.75
9.38

0.003
0.005

13
12

Left
Right
Right
Right

32
45/13
44/13
19

–7.5, 7.5, 41.5
31.5, 13.5, 8.5
49.5, –1.5, 14.5
34.5, –70.5, –3.5

14.47
11.56
9.45
10.69

6.5E-4
0.002
0.005
0.003

84
26
25
19

Right
Right
Left
Left
Right
Left
Left
Left

10
9
9
45/47
23
20

31.5, 49.5, 14.5
16.5, 46.5, 32.5
–13.5, 43.5, 29.5
–37.5, 19.5, 11.5
13.5, –43.5, 26.5
–49.5, –10.5, –21.5
–25.5, –55.5, –21.5
13.5, –79.5, –3.5

12.06
13.62
9.91
16.13
15.21
15.20
15.01
10.87

0.002
8.9E-4
0.004
3.4E-4
5.0E-4
5.0E-4
5.4E-4
0.003

12
16
10
35
55
10
14
26

18

a

Anatomical scans were registered according to the Talairach Daemon Atlas (http://www.nitrc.org/projects/tal-daemon/).
b Data are based on the standard brain template of the Montreal Neurological Institute.
c As a result of the small size of this region and the a priori predictions regarding its importance, an extent threshold of >5 voxels was adopted.

Accordingly, the following 10 regressors were generated: neutral parallel, neutral low-load, neutral medium-load, neutral
high-load, fear parallel, fear low-load, fear medium-load, fear
high-load, incorrect response, and no-response trials. All regressors were created by convolving the train of stimulus events with
a gamma variate hemodynamic response function to account for
the slow hemodynamic response. Linear regression modeling was
performed using the 10 aforementioned regressors plus regressors to model a first-order baseline drift function. This produced
a beta coefficient and associated t statistic value for each voxel
and regressor. In accordance with previous findings that normalization of brain volumes from age 7–8 years onward does not
introduce major age-related distortions in localization or time
course of the blood-oxygen-level-dependent (BOLD) signal in
event-related fMRI (30, 31), the participants’ anatomical scans
were individually registered to the Talairach-Tournoux brain atlas (32). Functional EPI data were then registered to the Talairach
anatomical scans within AFNI.

fM R I D a ta A n a ly sis
The group analysis of the BOLD data was then performed with
regression coefficients from individual subject analyses using a
2×2×2 (group-by-emotion-by-attentional load) whole-brain repeated-measures analysis of variance (ANOVA). Initial thresholding was set at a p value of <0.005, with an extent threshold of 10
voxels, a combination that has been demonstrated to produce a
desirable balance between type I and II error rates (33). The average percentage of signal change was measured within each significant cluster of 10 or more voxels. Post hoc analyses of significant main effects and interactions were conducted using t tests
in SPSS, version 19.0 (SPSS, Inc., Chicago), to further characterize the percentage of signal change. Because of concerns about
the reduction in statistical power associated with a three-level
analysis, only the low and high attentional load conditions were
included in the ANOVA involving BOLD data.
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R e su lts
B e h a v io ra l D a ta A n a ly sis
We conducted two 2×2×2 (group-by-emotion-by-attentional load) repeated-measures ANOVAs on error rate
and reaction time data. The first analysis revealed a significant main effect for attentional load; participants were
significantly less accurate in high- relative to low-load trials (F=88.29, df=1, 30, p<0.001). The second analysis also
revealed a significant main effect for attentional load; participants were significantly faster in low- relative to highload trials (F=54.91, df=1, 30, p<0.001). Additionally, there
was a significant emotion-by-attentional load interaction
(F=6.41, df=1, 30, p<0.05); participants responded significantly faster in neutral low-load trials relative to fear lowload trials (t=–2.98, df=31, p<0.01) but were equally fast in
their responses in neutral high-load trials relative to fear
high-load trials. There were no significant main effects or
interactions involving group (see Table 1 in the data supplement accompanying the online edition of this article).
fM R I D a ta A n a ly sis
Our goal was to assess potential functional irregularities
within the amygdala and regions implicated in top-down
attentional control in youths with behavior disorders and
psychopathic traits during an emotion/attention paradigm. We examined this through a 2×2×2 repeated-measures ANOVA conducted on BOLD data (Table 2). Below
we describe the key interactions with respect to our preA JP in A dva n ce
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dictions (group-by-emotion-by-attentional load; groupby-emotion) and the main effects of both group and attentional load to provide the results for the test of our a priori
hypotheses. No significant finding was observed for the
group-by-attentional load interaction.

F IG U R E 2 . G ro u p -b y -E m o tio n -b y -A tte n tio n a l L o a d In te ra c tio n in th e L e ft A m y g d a la /L e n tifo rm N u c le u s in Yo u th s W ith
D isru p tiv e B e h a v io r D iso rd e rs P lu s P sy c h o p a th ic Tra its
(D B D +P T; N =1 5 ) a n d H e a lth y C o m p a riso n Yo u th s (N =1 7 ) a

G ro u p -b y -e m o tio n -b y -a t te n tio n a l lo a d in te r a c tio n . A sig-

G ro u p -b y -e m o tio n in te r a c tio n . Regions showing a group-

by-emotion interaction included two areas in the left
middle temporal cortex. In both these regions, no significant differences in BOLD responses to neutral expressions manifested between the study groups. However, for
fearful expressions, healthy comparison subjects showed
significantly greater activation than youths with behavior
disorders and psychopathic traits (t=2.92, df=30, p<0.01;
t=2.178, df=30, p<0.05).
M a in e f fe c t o f a tte n tio n a l lo a d . As already noted, there were

no regions showing a significant group-by-attentional load
interaction. However, there were several regions demonstrating a significant main effect for attentional load (Figure 3). These included the left dorsomedial frontal cortex
and right inferior frontal cortex/insula. These regions
showed significantly greater responses during high relative to low attentional load conditions.
M a in e f fe c t o f g ro u p . Brain regions showing a main effect for group included the right middle frontal gyrus, the
left and right superior frontal gyrus, the left inferior frontal gyrus, the right posterior cingulate cortex, and the left
inferior temporal cortex. In all of these regions, healthy
youths showed greater BOLD responses than youths with
behavior disorders and psychopathic traits.
P o te n tia l c o n fo u n d s . To account for possible effects of
medication use on BOLD responses, the preceding analysis was repeated excluding the four youths in the disorders group who were receiving medication treatment. The
effects of interest were replicated with proximal activations in the same brain regions for each main effect and
interaction, including a significant group-by-emotionby-attentional load interaction within the left amygdala/

0.03
0.02
Average Percent Signal Change

nificant three-way interaction was observed in the left
amygdala/lentiform nucleus (Figure 2). Consistent with
our a priori hypotheses, the healthy comparison group,
relative to the disorders group, showed a significantly
greater increase in amygdala response in low-load fear trials relative to high-load fear trials (t=2.42, df=30, p<0.05).
Moreover, comparison subjects also showed significantly
greater amygdala response to fearful expressions relative
to neutral expressions compared with the disorders group
only under low-load conditions (t=1.97, df=30, p<0.05).
Furthermore, healthy youths, considered alone, showed
significantly greater amygdala responses to fearful expressions under conditions of low relative to high attentional
load (t=1.92, df=16, p<0.05, one-tailed). In contrast, youths
with behavior disorders and psychopathic traits did not
show significantly greater responses to fearful expressions
under low relative to high attentional load.

0.01
0
–0.01
–0.02
–0.03
–0.04
–0.05

High-load

–0.06

Low-load
Healthy Comparison
Group

DBD+PT
Group

a The fMRI scan (top) illustrates significantly greater amygdala re-

sponses among healthy comparison subjects to fearful expressions
under conditions of low relative to high attentional load (t=1.92,
df=16, p<0.05) (the DBD+PT group did not differ significantly by
condition). The healthy comparison group, relative to the DBD+PT
group, also showed a significantly greater increase in amygdala
response in low-load fear trials relative to high-load fear trials
(t=2.42, df=30, p<0.05).

lentiform nucleus (Montreal Neurological Institute [MNI]
coordinates: –27, –5, –13). The only exception was for the
main effect of group, in which the result for the left inferior temporal cortex was significant only at a more lenient
threshold (p<0.05).
To account for possible effects of comorbid attention
deficit hyperactivity disorder (ADHD), the analysis was
also repeated excluding the eight youths in the disorders
group who met criteria for ADHD. Again, the preceding effects of interest were replicated with proximal activations
in the same brain regions for each effect and interaction.
Indeed, the significant group-by-emotion-by-attentional
load interaction was observed to be bilateral (left amyg-
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F IG U R E 3 . M a in E ffe c t o f A tte n tio n a l L o a d in th e L e ft D o rso m e d ia l F ro n ta l C o rte x a n d R ig h t In fe rio r F ro n ta l C o rte x in
Yo u th s W ith D isru p tiv e B e h a v io r D iso rd e rs P lu s P sy c h o p a th ic Tra its (D B D +P T ; N =1 5 ) a n d H e a lth y C o m p a riso n Yo u th s
(N =1 7 ) a
Dorsomedial Frontal Cortex
High-load

Average Percent
Signal Change

0.12

Low-load

0.10
0.08
0.06
0.04
0.02
0

Healthy Comparison
Group

DBD+PT
Group

Inferior Frontal Cortex
0.10

High-load
Low-load

Average Percent
Signal Change

0.08
0.06
0.04
0.02
0
–0.02
–0.04

Healthy Comparison
Group

DBD+PT
Group

a The fMRI scans illustrate significantly greater activation in the left dorsomedial frontal cortex and right inferior frontal cortex in high at-

tentional load conditions relative to low attentional load conditions, which was observed in all participants (no differences were observed
between the healthy comparison and DBD+PT groups).

dala: p<0.05, MNI coordinates: –23, –4, –11; right amygdala: p<0.005, MNI coordinates: 17, –4, –11). However, the
regions showing a main effect of group were only observed
at more lenient thresholds (right middle frontal gyrus:
p=0.01; right middle frontal, posterior cingulate, left superior frontal, and inferior temporal cortices: p<0.03).
Sy m p to m s e v e r it y a n d a m y g d a la re s p o n s e . Considering

the significant group differences in the responses to fearful expressions under low attentional load, we investigated whether there was a relationship between reduced
emotional response to fearful expressions and severity of
specific components of psychopathic traits (i.e., callousunemotional, narcissism, or impulsivity). This analysis
revealed a significant inverse relationship between the
amygdala responses to fearful relative to neutral expressions and scores on the callous-unemotional subscale (r=
–0.376, p<0.05) of the Antisocial Process Screening Device.

D isc u ssio n
This study examined whether reduced neural response
to emotional stimuli in youths with disruptive behavior
disorders and psychopathic traits only occurs in the con-
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text of heightened recruitment of top-down attentional systems. As expected (21, 22, 28), healthy comparison youths
showed significantly reduced amygdala response to fearful
expressions in high relative to low attentional load conditions. In contrast, youths with behavior disorders and psychopathic traits did not. Indeed, the healthy youths showed
a significantly greater decrease in amygdala response in
high- relative to low-load fear trials compared with youths
in the disorders group. Furthermore, symptom severity, as
indexed by the callous-unemotional component of psychopathic traits (but not the narcissistic or impulsive component), was found to be significantly correlated with the
amygdala response to fearful expressions under low attentional load. Finally, and consistent with previous findings
(21, 22, 28), regions associated with top-down attentional
control (the dorsomedial and lateral [inferior] frontal cortices) increased in activation with increased attentional load.
Critically, both groups showed equivalent levels of recruitment of these regions with increased attentional load.
Previous studies have reported that youths with disruptive behavior disorders and psychopathic traits show
reduced amygdala responses to fearful (7, 8) and sad (9)
A JP in A dva n ce
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expressions. However, those studies assessed responses
to emotional expressions only while participants distinguished the gender of the individual face depicted. From
the perspective of attention-based accounts, the previous
results could reflect a secondary consequence of heightened processing of the stimulus features relating to gender
at the expense of those associated with emotion. Notably,
the previous studies did not employ experimental conditions whereby attention was manipulated, and thus they
could not systematically address the issue.
Our study echoes previous work (7, 8) and, critically,
demonstrates that youths with behavior disorders and
psychopathic traits, compared with healthy youths, show
significantly less increase in the amygdala response to
fearful expressions under low relative to high attentional
load. Moreover, the amygdala response to fearful expressions under low attentional load conditions was negatively associated with symptom severity as indexed by scores
on the callous-unemotional subscale of the Antisocial
Process Screening Device. According to the attentionbased model, this could reflect heightened top-down attentional priming of task-demand stimulus features (the
orientation of the bars) and, consequently, reduced representation of emotional features following representational
competition (20) and thus a reduced amygdala response.
If this were the case, we would expect to see group differences in the recruitment of regions implicated in topdown attention (the dorsomedial and lateral frontal and
parietal cortices) (20, 34, 35), particularly under low-load
conditions. However, this was not observed. Specifically,
no increased recruitment of either the dorsomedial or the
lateral (inferior) frontal cortex was seen in youths with behavior disorders and psychopathic traits under low-load
conditions. In short, our data support the suggestion that
the emotional deficit in individuals with behavior disorders and psychopathic traits is primary rather than secondary to increased top-down attention. (The main effect
of task load also identified activity in the precentral and
lingual gyri. This activity likely reflects increased response
planning and selection [precentral gyrus] and increased
top-down modulation of posterior visual processing
streams [lingual gyrus] [36].)
It is interesting to note that the inverse relationship
between amygdala activity in response to fearful expressions under low attentional load and symptom severity
was significant only for the callous-unemotional component of psychopathic traits. Callous-unemotional traits
have been previously associated with amygdala dysfunction (37). Moreover, high callous-unemotional traits have
been considered a critical dimension in the development
of psychopathy (38), even though other factors may contribute to heightened scores for the narcissism and impulsivity components of the disorder (13, 38). Notably,
previous research has also particularly associated callousunemotional traits, as opposed to impulsive antisociality
or narcissism, with the primary emotional deficit (38, 39).

In short, our data support the suggestion that amygdala
dysfunction causes the compromised emotional responding (callous-unemotional traits) that represents one developmental route to conduct disorder (13, 38).
There are five caveats that should be considered with
respect to the present data. First, although there were
high rates of comorbid ADHD within the behavior disorders plus psychopathic traits group, we did not include
an ADHD comparison group. This was because previous
studies have indicated that youths with ADHD do not
present with the pathophysiology found in youths with
behavior disorders and psychopathic traits (5, 8, 40). Indeed, recent work conducted by Posner et al. (40) found
that youths with ADHD showed increased amygdala activation in response to fearful faces. Moreover, and mitigating this limitation, it is important to note that our
subsequent group analysis excluding those youths with
behavior disorders and psychopathic traits with comorbid
ADHD revealed similar results, identifying proximal activations for the interactions and main effects. Second, the
medications of four youths with behavior disorders and
psychopathic traits could not be withheld at the time of
scanning. However, mitigating this limitation, the results
of our subsequent ANOVA excluding these participants
also identified proximal regions showing significant interactions and main effects. Third, it has been suggested that
the aberrant attention proposed to exist in individuals
with callous-unemotional traits is a function of time (19).
The suggestion is that individuals with these traits may
show typical emotional responses if the emotional stimuli
are processed in advance of top-down attentional control.
This will be an interesting refinement to examine empirically. However, in our study, the youths with psychopathic
traits did not show an appropriate amygdala response
to the emotional distracters. According to the attentionbased model, this should reflect aberrant attentional
control. However, the youths with psychopathic traits
showed no evidence of increased recruitment of regions
implicated in top-down attentional control that could result in the reduced amygdala responses. Fourth, we did
not include a group of youths with behavior disorders
without psychopathic traits. Hence, we cannot determine
whether our findings are specific to psychopathic traits or
to disruptive behavior disorders more generally. However,
the significant relationship between amygdala activation
and callous-unemotional traits specifically suggests that
amygdala responsiveness may mark a developmental
route to conduct disorder associated with these traits (13,
38) rather than to conduct disorder more generally. Fifth,
the behavioral performance of youths with behavior disorders and psychopathic traits did not significantly differ
from that of youths in the comparison group. Indeed, both
groups responded faster to neutral trials relative to fear trials under low but not high attentional load. This suggests
that fearful expressions can exert some effect on the behavior of youths with behavior disorders and psychopath-
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ic traits even if their neural response to these stimuli is significantly reduced. Of course, the presence of amygdala
dysfunction in the behavior disorders plus psychopathic
traits group, despite comparable task performance, indicates that group differences in this region stem from neural abnormalities rather than performance differences.
In summary, the present data extend previous findings of amygdala dysfunction in youths with disruptive
behavior disorders and psychopathic traits by showing
that this emotional deficit is primary and not secondary
to aberrant top-down attentional control. Finally, the data
suggest that amygdala dysfunction may be particularly
associated with the callous-unemotional component of
psychopathic traits.
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