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Objective: Although early-onset conduct
problems predict both psychiatric and
health problems in adult life, little
research has been done to index neural
correlates of conduct problems. Emerging
research suggests that a subgroup of chil-
dren with conduct problems and elevated
levels of callous-unemotional traits may
be genetically vulnerable to manifesting
disturbances in neural reactivity to emo-
tional stimuli indexing distress. Using
functional MRI, the authors evaluated dif-
ferences in neural response to emotional
stimuli between boys with conduct prob-
lems and elevated levels of callous-un-
emotional traits and comparison boys.

Method: Seventeen boys with conduct
problems and elevated levels of callous-
unemotional traits and 13 comparison
boys of equivalent age (mean=11 years)

and IQ (mean=100) viewed blocked pre-
sentations of fearful and neutral faces.
For each face, participants distinguished
the sex of the face via manual response.

Results: Relative to the comparison
group, boys with conduct problems and
elevated levels of callous-unemotional
traits manifested lesser right amygdala
activity to fearful faces.

Conclusions: This finding is in line with
data from studies of adults with antisocial
behavior and callous-unemotional traits
(i.e., psychopaths), as well as from a re-
cent study of adolescents with callous-un-
emotional traits, and suggests that the
neural substrates of emotional impair-
ment associated with callous-unemo-
tional antisocial behavior are already
present in childhood.

(Am J Psychiatry 2009; 166:95-102)

E arly-onset conduct problems predict both psychiatric
and physical health problems in adult life (1, 2). Conduct
problems that manifest early in life are also thought to re-
flect biological vulnerability to antisocial behavior (3). Re-
cent studies have highlighted the finding that within this
early-onset group, callous-unemotional traits index a partic-
ularly serious form of conduct disturbance. Callous-unemo-
tional traits include such characteristics as lack of guilt and
empathy, which are also considered primary in clinical de-
scriptions of adult psychopathy (4). Recent data from stud-
ies of twins suggest that conduct problems in callous-un-
emotional children are under strong genetic influence (5, 6).

Both adult psychopaths and children with conduct
problems and callous-unemotional traits have difficulty
processing visual and auditory displays of fear and sadness
(7-9). Both groups also experience difficulties in aversive
learning paradigms (8). This profile is also seen in neurop-
sychological patients with damage to the amygdala, one of
the brain’s key affect-processing structures (10). Conse-
quently, it has been proposed that the difficulties in affec-
tive processing seen in adult psychopaths and children
with conduct problems and callous-unemotional traits are
accompanied by amygdala impairment (8). Early
amygdala dysfunction may have a negative impact on the
development of empathy (8).

Functional brain imaging data from studies of healthy
adults and children support the amygdala’s role in pro-
cessing emotional facial expressions and other affective
stimuli (11-13). To date, there have been a handful of func-
tional brain imaging studies of adult psychopathy and one
study of adolescents with conduct problems and callous-
unemotional traits. All implicate reduced amygdala reac-
tivity in individuals with psychopathy or elevated levels of
psychopathic personality traits as compared with both
healthy and institutionalized comparison subjects, al-
though the laterality of the reported difference varies
among studies, probably reflecting the paradigm used
(14-18). Amygdala hyporeactivity has been suggested to
be associated with the emotional dysfunction observed in
psychopathy (8).

Studies of healthy adults suggest a role for the rostral an-
terior cingulate cortex in extinguishing amygdala reactiv-
ity during emotional arousal (19, 20). The amygdala hypo-
activity observed in adults with psychopathy could thus
reflect down-regulation of amygdala activity by the ante-
rior cingulate cortex. Aside from the finding of amygdala
hypoactivity in psychopathy, the rostral anterior cingulate
cortex has been implicated in more than one brain imag-
ing study of psychopathy (14, 15). In each case, adults with
psychopathy showed less rostral anterior cingulate cortex
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FIGURE 1. Flow Diagram Detailing Criteria for Inclusion in the Study
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aScored in the top 10% on both conduct problems and callous-unemotional traits. These criteria were based on earlier behavior genetic stud-
ies from our group demonstrating a strong heritability for antisocial behavior and callous-unemotional traits using these cutoffs (5, 6).

b Scored within one standard deviation of the population mean for the Twins Early Development Study on the conduct problems subscale of
the Strengths and Difficulties Questionnaire and on the callous-unemotional scale of the Antisocial Process Screening Device.

¢ Movement <4 degrees or <4 mm in any plane.

4 One twin from each concordant pair was selected to avoid bias due to nonindependence of data. If a twin pair was concordant for conduct
problems and callous-unemotional traits, the eligible twin with the higher score on callous-unemotional traits was selected. In the compari-
son group, the twin with the lower score on callous-unemotional traits was selected; if a twin pair had the same score, the twin with the lower

score on conduct problems was selected.

€ Boys with extreme high or low scores on the matching variables were excluded from the analysis.

reactivity than comparison subjects. This finding suggests
that the reduced amygdala reactivity in adults with psych-
opathy might not, in this case, be due to increased emo-
tional regulation by the anterior cingulate cortex.

Despite a prominent model of psychopathy proposing
that it is a developmental disorder of early amygdala
dysfunction, to date, only one neuroimaging study of ad-
olescents with conduct problems and callous-unemo-
tional traits has been published (18). The study reported
amygdala hyporeactivity to fearful faces in adolescents
with conduct problems and callous-unemotional traits
relative to comparison subjects and adolescents with at-
tention deficit hyperactivity disorder. We also know of
one functional MRI (fMRI) study of emotion processing
in adolescents with conduct disorder, which demon-
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strated reduced left amygdala and right dorsal anterior
cingulate cortex activation to nonfacial emotional stim-
uli in adolescents with conduct disorder relative to
healthy comparison subjects after co-occurring anxiety
and depression symptoms were controlled for (21).
Structural MRI data from the same group indicated re-
duced left amygdala volume in adolescents with conduct
disorder (22).

Given that lack of anxiety is thought to be a core charac-
teristic of psychopathy (23), it is possible to infer from the
findings of the previous fMRI study of adolescents with
conduct disorder (21) a hypothesis that children with cal-
lous-unemotional traits and conduct problems may show
reduced amygdala reactivity. This hypothesis was sup-
ported by the recent study of adolescents by Marsh et al.
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TABLE 1. Characteristics of Boys With Conduct Problems and Callous-Unemotional Traits and Comparison Boys in a Study
of Amygdala Response to Fearful Versus Neutral Faces

Group
Boys With Conduct Problems and

Comparison Boys (N=13) Callous-Unemotional Traits (N=17) Analysis

Characteristic Mean SD Mean SD F (df=1, 28) p
Age (years) 1.3 0.92 11.9 0.69 3.45 0.07
Conduct problems 0.92 0.95 5.18 1.59 72.61 <0.001
Callous-unemotional traits 3.54 1.13 8.14 0.93 150.41 <0.001
Hyperactivity 5.23 2.31 7.21 2.30 5.41 0.03
Emotional problems 2.23 1.83 212 1.96 0.03 0.87
Full-scale 1Q 100.54 10.53 100.35 8.14 0.003 0.96

(18). Behavioral genetic findings of increased genetic vul-
nerability to antisocial behavior in children with conduct
problems and callous-unemotional traits (5, 6), as well as
previous behavioral studies (7-9), further underscore the
importance of studying the brain reactivity to emotional
stimuli in this group.

The task used in this study was designed to investigate
amygdala reactivity to fearful faces. In previous studies,
this and similar tasks employing fearful facial stimuli have
been shown to reliably elicit activation of the amygdala in
healthy adults (12) and children (11, 13). Our primary goal
was to examine differences in amygdala reactivity to fear-
ful faces between boys with conduct problems and ele-
vated levels of callous-unemotional traits and an age- and
IQ-matched comparison group. We hypothesized that
boys with conduct problems and elevated levels of cal-
lous-unemotional traits would show decreased amygdala
reactivity to fearful faces relative to the comparison
subjects. We further hypothesized that this decreased
amygdala reactivity would not be associated with stronger
anterior cingulate cortex reactivity in this group, although,
in line with adult data, it is possible that children with con-
duct problems and callous-unemotional traits may show
reduced anterior cingulate cortex reactivity.

Method

Participants

This study reports data from 30 boys 10-12 years of age (mean
age=11.6 years). Participants were recruited from the 9-year lon-
gitudinal Twins Early Development Study (24) as part of an ongo-
ing neuroimaging project to study the heritability of affect cir-
cuitry in children at high versus low risk for callous-unemotional
antisocial behavior. Children were selected as potential partici-
pants on the basis of behavioral ratings collected at 9 years of age.
Families were recruited by letter. Parents completed screening
questionnaires indicating MRI contra-indicators and provided
consent to be contacted about the study. The study and recruit-
ment procedure were approved by the Institute of Psychiatry and
Maudsley Research Ethics Committee. After children and their
parents received a complete description of the study, both pro-
vided written informed consent. All participants had normal or
corrected-to-normal vision, and all but one were right-handed.

Combined parent and teacher ratings (the highest rating given
by parent or teacher for each question was recorded) (25) on the
conduct problems subscale of the Strengths and Difficulties
Questionnaire (26) and the Antisocial Process Screening Device
(27) were used to assign children to one of two groups for our
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FIGURE 2. Example of Fearful and Neutral Faces Used in
the fMRI Paradigm

analyses: those with conduct problems and elevated levels of cal-
lous-unemotional traits (N=17) and age- and IQ-matched (full-
scale IQ) comparison subjects (N=13). The grouping procedure is
described in Figure 1, and the groups’ basic characteristics are
summarized in Table 1.

Fearful Faces fMRI Task

A categorical blocked design was used. Participants viewed
blocks of fearful or neutral faces and, to ensure that they were at-
tending to the stimuli, were required to indicate the sex of the tar-
get using a button-box response. Each block consisted of faces de-
rived from a standard set of pictures of facial affect (28). Fearful
faces were displayed at 100% emotional intensity, while neutral
faces were morphed to a 25% “happy” intensity in order to avoid
appearing threatening (Figure 2) (29). Each face was presented se-
quentially for 3000 msec, remaining on-screen for the full 3000
msec even if a response was made before the end of the period. In-
terstimulus intervals were 750 msec. Responses to five neutral, five
fearful, and two rest blocks (showing just a fixation cross and dis-
played at the beginning and end of the scanning run) were ac-
quired. The epoch length for each block (comprising eight face
presentations, plus instructions) was 32 seconds, including a 2-
second fixation cross presentation at the beginning of each block.
Participant performance was measured as accuracy on the sex dis-
crimination task (percent correct responses). Before entering the
scanner room, all participants underwent a brief ability screen us-
ing the short version of the Wechsler Abbreviated Scales of Intelli-
gence (30) and were trained on the imaging paradigm.

fMRI Measurement, Processing, and Functional
Analyses

Functional image volumes were acquired using blood-oxygen-
level-dependent (BOLD) contrasts in a 3-T scanner (GE Signa Ex-
cite), using the body coil for radiofrequency transmission and the
manufacturer’s eight-channel head coil for signal reception. Im-
age volumes were collected using T»*-weighted gradient echo-
planar imaging sequence with 28 slices (slice thickness=3.5 mm,
gap=0.3 mm) designed to cover the whole brain. Other parame-
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TABLE 2. Significant Parameter Estimates of BOLD fMRI Responses to Fearful Relative to Neutral Faces for Within- and Be-

tween-Group Analyses

Coordinates of Peak Voxel
Within Cluster

Cluster Uncorrected
Analysis Side X y z Size 2 p
Amygdala
Within-group
Comparison group Right 30 -1 -22 20 2.75 0.009
Left -18 -1 -13 5 2.19 0.024
Boys with conduct problems and callous-unemotional traits Left -24 -6 -15 7 1.97 0.024
Between-group
Comparison group > boys with conduct problems and callous-
unemotional traits Right 30 2 -25 14 2.93 0.003
Anterior cingulate
Within-group
Comparison group Right 3 27 15 398 5.55 <0.001
Boys with conduct problems and callous-unemotional traits Right 9 35 -7 20 3.45 0.002
Left -6 37 -9 9 2.88 0.005

a df=12 for the comparison group and df=16 for the group with conduct problems and callous-unemotional traits.

ters were repetition time=2 seconds, echo time=25 msec, field of
view=220x220 mm, matrix size=64x64. To reduce T losses at this
relatively short repetition time, an excitation flip angle of 70 de-
grees was used, and at the start of each scan series (prior to the
presentation of stimuli), four “dummy acquisitions” with no data
collection were played out to ensure that T effects had reached a
steady state. The orientation of the oblique axial slices was paral-
lel to the anterior commissure-posterior commissure line. Slices
were acquired in interleaved order.

Functional imaging data were preprocessed and analyzed us-
ing a statistical parametric mapping software package (SPM2,
Wellcome Department of Cognitive Neurology, London) imple-
mented in Matlab, release 12 (MathWorks, Natick, Mass.). For
each participant, images were manually readjusted to the ante-
rior commissure-posterior commissure line before being re-
aligned to the first volume in the time series to correct for head
motion during the scan. A mean functional image was con-
structed for each participant and then used to derive parameters
for spatial normalization into the standard stereotaxic space im-
plemented in SPM2 (Montreal Neurological Institute [MNI] tem-
plate) (31, 32). Both affine and nonlinear components were used
in the spatial normalization. The spatial normalization parame-
ters for each mean image were applied to the corresponding re-
aligned images from the session and resampled into isotropic 3-
mm voxels. Normalized images were smoothed with a Gaussian
filter with full width at half maximum of 6 mm. A high-pass filter
(cutoff period=128 seconds) was incorporated to remove noise
associated with low-frequency confounds (e.g., scanner drift).

Within-Group Analyses

For each participant, a contrast image was created in which
voxel values represented the difference in the amplitude of the fit-
ted hemodynamic response elicited during fearful face process-
ing relative to that elicited during neutral face processing and an-
other for neutral relative to fearful face processing. None of the
participants exhibited absence of signal in the regions of interest.
The neutral blocks were designed to act as baseline stimuli of
equal visual complexity. These contrasts were then entered into
one-sample t tests for each group to determine whether there
were any brain regions in which the mean difference between the
stimulus types departed significantly from zero. Region-of-inter-
est analyses were restricted to the amygdala and the anterior cin-
gulate cortex using anatomical masks defined by the Pick-Atlas
software program (Functional MRI Laboratory, Wake Forest Uni-
versity School of Medicine, http://www.fmri.wfubmc.edu). Acti-
vations exceeding a cluster size of five voxels and an uncorrected
p value of <0.05 were reported in the a priori specified amygdala
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region of interest, and activations exceeding a cluster size of five
voxels and an uncorrected p value of <0.005 were set for the a pri-
ori specified anterior cingulate cortex region of interest. These
significance levels were selected to be in line with those used in
Marsh and colleagues’ recent study of children with conduct
problems and callous-unemotional traits (18). All brain coordi-
nates are provided in Talairach space after adjustment (http://
imaging.mrc-cbu.cam.ac.uk/imaging/MniTalairach) for differ-
ences between MNI and Talairach coordinates. Additionally, acti-
vation differences outside the amygdala and anterior cingulate
were assessed across the whole brain (p<0.001, uncorrected for
multiple comparisons across the whole brain).

Between-Group Analyses

The individual contrast images were entered into one-way
ANOVAs to test the null hypothesis that there would be no differ-
ence in amygdala or anterior cingulate activity between boys with
conduct problems and callous-unemotional traits and the com-
parison group. The significance of activation was assessed for the
a priori defined regions of interest described above (cluster size
greater than five voxels and p<0.05, uncorrected, for the amygdala
region of interest; and cluster size greater than five voxels and
p<0.005, uncorrected, for the anterior cingulate cortex region of
interest) and across the whole brain (p<0.001, uncorrected), ac-
cording to the criteria applied in Marsh et al. (18).

Results

Behavioral Responses

The mean accuracy levels on the sex identification task
for fearful and neutral faces for the comparison subjects
were 94.62% (SD=6.00) and 94.62% (SD=3.00), respec-
tively. For the boys with conduct problems and callous-
unemotional traits, the mean accuracy levels were 93.53%
(§D=6.00) and 94.12% (SD=3.00), respectively. The main
effects for group or emotion category were not statistically
significant, and we did not observe a group-by-expression
category interaction. The mean reaction times for fearful
and neutral faces for the comparison subjects were
1068.83 msec (SD=167.80) and 1058.90 msec (SD=190.97),
respectively. For the boys with conduct problems and cal-
lous-unemotional traits, the mean reaction times were
1036.80 msec (SD=251.27) and 1007.72 msec (SD=227.31).
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FIGURE 3. Amygdala Reactivity in Comparison Boys Relative to Boys With Conduct Problems and Callous-Unemotional
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a Coordinates (x, v, z) are 30, 2, —25; cluster size=14 voxels. Significant difference between groups (t=2.93, p=0.003).

The main effects for group and for emotion category were
not statistically significant, nor was the group-by-expres-
sion category interaction.

Bold fMRI Responses

Within-group analyses of fear versus neutral con-
trast. The comparison group showed significant bilateral
amygdala activation (right: t=2.75, df=12, p=0.009; left: t=
2.19, df=12, p=0.024) for the contrast comparing fearful
versus neutral faces (Table 2). That is, comparison boys ex-
hibited a relatively greater activation in both the left and
right amygdala during fearful face processing than during
neutral baseline. In the anterior cingulate, greater re-
sponse to fearful versus neutral faces was observed in the
right anterior cingulate cortex (t=5.55, df=12, p<0.001).

For the boys with conduct problems and callous-un-
emotional traits, a significant activation was observed in
the left amygdala (t=1.97, df=16, p=0.024) for the contrast
of fearful versus neutral faces (Table 2). Bilateral anterior
cingulate activation was also observed (right: t=3.45, df=
16, p=0.002; left: t=2.88, df=16, p=0.005).

Within-group whole brain analysis at p<0.001 (uncor-
rected) showed no other areas of significant activation for ei-
ther group during fearful relative to neutral face processing.

Between-group comparisons of fear versus neutral
contrast. Differential activation between the groups was
examined for the contrast of fearful faces versus neutral
faces in the amygdala and anterior cingulate regions of in-
terest. The comparison group showed significantly greater
right-sided amygdala activation to fearful relative to neu-
tral faces (t=2.93, df=28, p=0.003; Figure 3). There was no
difference between the groups in the anterior cingulate
cortex region of interest at the prescribed uncorrected p
level of <0.005. Whole-brain analysis (p<0.001, uncor-
rected) did not reveal any additional brain areas in which
differential activation was observed between the groups.
Furthermore, whole brain and region-of-interest analyses
revealed no significant areas of greater activation for the
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group with conduct problems and callous-unemotional
traits relative to the comparison group.

In accordance with previous data (4), the groups dif-
fered in hyperactivity symptoms (F=5.41, p=0.03) in addi-
tion to conduct problems and callous-unemotional traits.
We therefore tested for group differences in brain activa-
tion to fearful relative to neutral faces using an analysis of
covariance with hyperactivity symptoms as a covariate.
The significant group difference in the right amygdala was
slightly reduced in magnitude but remained statistically
significant at the significance threshold of p<0.05 (F=2.23,
df=28, p=0.018). The neutral versus fearful faces contrast
did notyield any statistically significant activations for the
amygdala or anterior cingulate regions of interest in either
the within-group or the between-group analyses.

Discussion

The results of this study are consistent with previous
child and adult data suggesting that the amygdala typi-
cally activates more strongly to fearful faces than to neu-
tral faces (12, 13). These data confirm previous child brain
imaging findings (11, 13) and indicate that amygdala in-
volvement in the processing of emotional facial stimuli
has already developed by middle childhood. In our com-
parison group, both the right and left amygdala were acti-
vated significantly more to fearful faces than to neutral ex-
pressions. Boys with conduct problems and callous-
unemotional traits showed only left-sided amygdala acti-
vation to fearful faces as compared with neutral expres-
sions. When the two groups were compared, the boys with
conduct problems and callous-unemotional traits thus
showed relatively decreased amygdala reactivity to fearful
facial stimuli in the right amygdala. Our data suggest that
the emotional impairment evident in children with con-
duct problems and callous-unemotional traits is accom-
panied by reduced right-sided amygdala reactivity to oth-
ers’ fear. Both groups showed statistically significant
reactivity in the anterior cingulate cortex region of inter-
29
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Patient Perspective

“

Ben’ does not feel guilty if he has done something
wrong, he does not show feelings or emotions, and he is
rarely helpful if someone is hurt.” This description of one
of the 11-year-old boys in our study captures the core
emotional impairment of children with conduct problems
and callous-unemotional traits. Ben’s parents also report
that Ben has several behavioral problems. At school Ben
bullies other children. He acts defiantly toward his parents
and teachers. Punishment in the form of revocation of
privileges has little or no effect on Ben’s behavior, and he
demonstrates no guilt or remorse when he has done
something wrong. He is particularly mean to his younger
sister and appears to enjoy “winding her up.” Ben is
reported to show little fear and often likes to engage in
risky activities, such as playing at the local railway line.
Ben’s parents are also concerned about some recent
incidents in which he was found to have been cruel
toward the family pet.

est, but there were no statistically significant group differ-
ences. Crucially, the reduced amygdala activation in boys
with conduct problems and callous-unemotional traits
was not associated with stronger anterior cingulate cortex
reactivity.

Frick and Marsee have highlighted the importance of
charting psychopathic personality markers (callous and
unemotional traits) in childhood (4). The Antisocial Pro-
cess Screening Device we used to assess callous-unemo-
tional traits in this study was designed to extend assess-
ment of psychopathic traits to children, with the view that
the callous and unemotional traits mark one important
risk factor for lifelong persistent antisocial behavior. Cal-
lous and unemotional traits include such characteristics
as lack of guilt and empathy, which are also considered
primary in clinical descriptions of adult psychopathy (4).
Children with callous-unemotional traits show a specific
behavioral and neurocognitive profile that is similar to
that seen in adult psychopaths (8). At a behavioral level,
conduct problems with elevated levels of callous-unemo-
tional traits are associated with a poorer long-term out-
come and greater severity of antisocial behavior as com-
pared with children with conduct problems but without
callous-unemotional traits (4). At the neurocognitive level,
children with conduct problems and callous-unemotional
traits appear to suffer from emotional dysfunction charac-
terized by difficulty in processing fear and sadness, as well
as deficits in reinforcement learning (8, 18). Data from our
own group indicate that antisocial behavior in children
with elevated levels of callous-unemotional traits is
strongly heritable, suggesting that children who display
these traits may be particularly vulnerable genetically to
antisocial behavior (5, 6). This finding raises the possibility
that psychopathy may be a developmental disorder with
100
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particular personality and neurocognitive markers that
can be delineated successfully in children (8).

Our findings are in line with fMRI studies investigating
emotion processing in adult psychopaths, adolescents
with conduct disorder, and adolescents with conduct
problems coupled with callous-unemotional traits (14-18,
21). Reduced amygdala activation in individuals with psy-
chopathy has been demonstrated with various affective
stimuli (14-18), with reduced right amygdala activation
previously reported for a face processing paradigm (16,
18). Our study offers a replication of Marsh and colleagues’
(18) finding of amygdala hyporeactivity in response to
fearful facial expressions in adolescents with both con-
duct problems and callous-unemotional traits, and it ex-
tends the work of Sterzer et al. (21), who did not assess
these traits in their sample of adolescents with conduct
disorder. Our focus on younger children adds to findings
by Marsh et al. (18) and others (14-17) by providing evi-
dence suggesting that amygdala hypoactivity associated
with callous-unemotional conduct problems is already
present in some pre-adolescent and early adolescent chil-
dren and lends support to the notion that psychopathy
may be a developmental disorder related to amygdala dys-
function (8).

Our findings are in line with earlier behavioral data
demonstrating difficulties in recognition of fearful expres-
sions in children with conduct problems and callous-un-
emotional traits (7). Of course it would be unethical to la-
bel children as “psychopaths,” but it is worth noting that
vulnerability to psychopathy appears to be present from
childhood and manifests in both detectable trait differ-
ences and associated neurocognitive differences.

It has been proposed that psychopathy may be genetic
in origin, and there are preliminary data to support this
notion (5, 6, 8). Genetic vulnerability may set the tone for
an individual’s neural reactivity to emotional stimuli,
which is likely to be further moderated by environmental
factors (33). Current imaging genetic studies have focused
on reactive, nonpsychopathic antisocial behavior (20, 34,
35), but our own group and others are planning to extend
these investigations to psychopathic/callous-unemo-
tional antisocial behavior.

There are several limitations to this study. First, we can-
not exclude the possibility that with larger sample sizes,
between-group differences might have emerged in addi-
tional brain areas. Second, the p values for our regions of
interest were uncorrected for multiple comparisons. To in-
crease our confidence in the findings, we reported data on
only two regions of interest with empirical precedence
(the amygdala and the anterior cingulate) and where clus-
ter size exceeded five voxels. Third, the format of our task
did not allow for the rest condition to be used as an addi-
tional baseline condition. Instead, neutral faces were used
as the baseline condition. However, a 2x2 analysis of
group by emotion may have provided more power to de-
tect group differences. Fourth, we were not able to mea-
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sure the gaze patterns of participants while they studied
the stimuli in the scanner. Thus, although our behavioral
data reveal no differences in accuracy or reaction time be-
tween the groups (and thus suggest that both groups were
efficient in processing the stimuli), we do not know on
which part of the face the participants fixated. Previous
studies indicate that individuals with amygdala damage
do not fixate on the most informative part of a fearful face,
the eyes (36). Decreased gaze fixation to crucial aspects of
emotional stimuli accounts for a moderate proportion of
variance in amygdala activation in healthy adult females
(37). Furthermore, overt fear recognition can be improved
in children with callous-unemotional traits when they are
asked to fixate on eyes in a face (38). It remains to be seen
whether we could elicit stronger amygdala activation in
children with conduct problems and callous-unemotional
traits if they were to engage effortfully with processing the
eyes in facial stimuli. Finally, our study did not include a
group of children with conduct problems and no callous-
unemotional traits. We hope to include such a group in fu-
ture studies.
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