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Context: Reduced neural responses to others’ distress

is hypothesized to play a critical role in conduct problems coupled with callous-unemotional traits, whereas
increased neural responses to affective stimuli may
accompany conduct problems without callousunemotional traits. Heterogeneity of affective profiles in
conduct problems may account for inconsistent neuroimaging findings in this population.
Objectives: To broaden understanding of neural processing in conduct problems using an affective processing task including an empathy component as well as to
explore dimensional contributions of conduct problems symptoms and callous-unemotional traits to variance in affective neural responses.
Design: Case-control study.
Setting: On-campus neuroimaging facility.
Participants: Thirty-one boys with conduct problems

(mean age, 14.34 years) and 16 typically developing control subjects (mean age, 13.51 years) matched for age
(range, 10-16 years), IQ, socioeconomic status, handedness, and race/ethnicity. Participants were recruited using
screening questionnaires in a community-based volunteer sample.
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Main Outcome Measures: Functional magnetic resonance imaging of a task contrasting affective and cognitive theory of mind judgments.
Results: Relative to typically developing children, chil-

dren with conduct problems showed reduced activation
in right amygdala and anterior insula for affective vs cognitive theory of mind judgments. Furthermore, in the right
amygdala, regression analysis within the conductproblems group showed suppressor effects between ratings of conduct problems and callous-unemotional traits.
Specifically, unique variance associated with conduct
problems was positively correlated with amygdala reactivity, whereas unique variance associated with callousunemotional traits was negatively correlated with amygdala reactivity. These associations were not explained by
hyperactivity, depression/anxiety symptoms, or alcohol
use ratings.
Conclusions: Childhood conduct problems are associated with amygdala and anterior insula hypoactivity during a complex affective processing task including an empathy component. Suppressor effects between conduct
problems and callous-unemotional traits in the amygdala
suggest a potential neural substrate for heterogeneity in affective profiles associated with conduct problems.
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ONDUCT PROBLEMS ARE

one of the most common
reasons for a childhood
referral to mental health
and educational services,
and they represent a substantial public
health cost.1 Children with conduct problems are at risk for developing life-coursepersistent antisocial problems, as well as
other mental and physical health problems.2,3 Decades of developmental psychopathology research have shown that
children with conduct problems are a
heterogeneous group.4 The inclusion of
callous-unemotional (CU) traits as a con-
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duct disorder specifier to the next edition of the DSM-5 is currently being considered.5 Callous-unemotional traits (eg,
lack of guilt and empathy) distinguish a
particularly problematic and severe group
of children with conduct disorder.4 Twin
studies have suggested that conduct problems coupled with CU traits are highly
heritable, while conduct problems in children without CU traits appear to be driven
primarily by environmental influences.6,7
Behavioral data suggest that children
with conduct problems and CU traits have
difficulties processing others’ fearful and
sad facial expressions and vocal tones.8 In
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contrast, conduct problems without CU traits are
associated with an exaggerated affective response to
perceived social threat (eg, anger) or in some cases,
even ambiguous, neutral expressions.4,9 Functional magnetic resonance imaging (fMRI) studies of children/
adolescents with conduct problems with and without CU
traits have indicated a functional neural basis for these
differing affective behavioral profiles. One region that is
hypothesized to play a key role is the amygdala, a brain
region commonly activated by stimuli indicating fear or
threat. Amygdala hypoactivity in adult psychopaths has
been suggested to at least partially underlie emotional
dysfunction in this group.10 Children with conduct problems and CU traits have been found to show lower
amygdala activity to others’ distress (eg, fearful facial
expressions) compared with typically developing children and children with attention-deficit/hyperactivity disorder (ADHD) symptoms.11,12
Functional magnetic resonance image studies focusing
on children with conduct problems more generally, without subtyping participants on the basis of CU traits, have
also found amygdala hypoactivity to sad faces13 and emotional scenes14 (relative to typically developing children).
However, some studies have reported hyperactivity of the
amygdala in response to neutral faces,13 during an empathyfor-pain task,15 and in response to emotional pictures.16 Sterzer and colleagues14 additionally found a reduced response in the dorsal anterior cingulate cortex in children
with conduct problems relative to typically developing children. It may be that greater amygdala reactivity to emotional stimuli and reduced activity in emotion regulation
regions of the brain (such as the dorsal anterior cingulate
cortex) represent functional neural bases for why some children with conduct problems (perhaps those with low levels of CU traits) may react aggressively, even in the face of
minimal provocation.
It is possible that different patterns of amygdala
activity in children with conduct problems reflect different emotional vulnerabilities in those with and without CU traits. Only 1 fMRI study has looked at both
conduct disorder symptoms and CU traits dimensionally.13 Comparing early-onset conduct disorder, lateonset conduct disorder, and typically developing children categorically, both conduct-disorder groups
showed reduced responses to angry relative to neutral
faces in regions including the amygdala, anterior insula,
ventromedial prefrontal cortex, and orbitofrontal cortex. Neural responses to emotional faces (relative to
neutral) within the conduct-disorder group did not correlate with either conduct disorder symptoms or CU
traits, although unique contributions of conduct disorder symptoms and CU traits (controlling for the effects
of the other variable) were not explored.
While several fMRI studies have looked at basic affective processing (emotional vs nonemotional scenes/
facial expressions) in children with conduct problems,
only 1 study has used fMRI to investigate neural correlates of more complex affect-laden processes including
empathy for pain.15 This study found increased activation in the amygdala and striatum in boys with conduct
disorder relative to control subjects when viewing accidental painful scenarios vs nonpainful situations. It was

suggested that this may reflect increased enjoyment/
arousal or reduced regulation of arousal in the face of others’ pain. Within the conduct-disorder group, there was
a positive correlation between the amygdala’s response
to pain and parent-reported scores of sadism, aggression, and daring.
Our study aimed to further elucidate neural correlates of conduct problems. First, we used a complex emotion processing task that included an empathy component to expand the currently small literature on neural
processing of high-level socioaffective cognition in this
group. A cartoon vignette paradigm17 was chosen contrasting affective theory of mind (ToM) (understanding
emotions) with cognitive ToM (understanding intentions). An advantage of this task is that it indexes complex cognitive processing without relying on reading ability. Previous studies have found that children with conduct
problems18 and adults with psychopathy19 show no impairment on tests of cognitive ToM. In contrast, adult psychopaths have shown impairment on tasks of affective
ToM, a process thought to require the integration of cognitive ToM and empathy19 (sharing and understanding
another’s emotional state,20 which necessarily relies on
the processing of basic affective cues). Because reduced
empathy is a well-documented feature of childhood conduct problems,4,18 we predicted that children with conduct problems would show differential neural processing of affective ToM (relative to cognitive ToM) compared
with typically developing children.
Second, we investigated the role of conduct problems and CU traits as dimensional variables within the
conduct-problems group only. It was hypothesized that
inconsistency characterizing previous studies of amygdala reactivity in children with conduct problems may
be partly accounted for by differential independent contributions of conduct problems and CU traits. Suppressor effects occur when the inclusion of 2 correlated predictor variables in the same regression model increases
the association between 1 or both of these variables and
the dependent variable.21,22 In situations where suppressor effects occur, shared variance between predictors
masks the unique association of each predictor with the
dependent variable. When this shared variance between
correlated predictors is suppressed, this leaves each
enhanced variable (reflecting unique variance) as a
more efficient predictor of the dependent variable.23
Behavioral studies have shown conduct problems to be
positively correlated with emotional reactivity, and CU
traits to be negatively correlated with emotional reactivity; however, these associations increase when the effect
of the other variable (CU traits and conduct problems,
respectively) is controlled for (ie, CU traits and conduct
problems exert suppressor effects on one another).22,24
The neural basis of this effect has not been tested, but
on the basis of previous behavioral studies, we predicted suppressor effects between conduct problems
and CU traits, with unique variance associated with
each of the 2 variables emerging as significant (and
potentially opposing) predictors of neural response in
regions commonly engaged in empathy processing
including the amygdala and anterior insula.
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METHODS

tails. All aspects of the study were approved by the University
College London research ethics committee (project identifier:
0622/001).

PARTICIPANTS
EXPERIMENTAL TASK
Boys aged 10 to 16 years were recruited from the community
via newspaper advertisements and local schools. Screening questionnaires were administered to parents and teachers of 176 boys
whose families expressed an interest in taking part and provided informed consent; they were scored by a trained research assistant according to standard published guidelines.
These yielded a research diagnosis of current conduct problems; dimensional assessment of CU traits; an overall psychopathology screen; demographic data for group-matching purposes (ie, socioeconomic status, parent-defined ethnicity, and
handedness); and information regarding previous neurologic
or psychiatric diagnoses. Current conduct problems were
assessed using the Child and Adolescent Symptom Inventory–4R (CASI-4R)25 and Child and Adolescent Symptom Inventory–Conduct Disorder (CASI-CD) subscale, and CU traits
were assessed using the Inventory of Callous-Unemotional Traits
(ICU).26 Both were scored by taking the highest ratings from
either the parent or the teacher questionnaire for any given
item.27 The Strengths and Difficulties Questionnaire28 was used
as a brief screening measure for psychopathology in the typically developing control group.
Participants were invited to take part in the fMRI phase of
the study based on screening information. Child and Adolescent Symptom Inventory–Conduct Disorder subscale symptom severity scores were used to make the research diagnosis
of current conduct problems. Symptom severity cutoff scores
for inclusion in the conduct-problems group were 3 or higher
(ages 10-14 years) and 6 or higher (ages 15-16 years). Scores
of this magnitude and greater are associated with a clinical diagnosis of conduct disorder,29 with an agreement between the
screening cutoff scores for CASI-CD (completed by both parent and teacher) and clinical diagnoses of 0.95 for sensitivity
and 0.56 for specificity. Further reliability and validity information for the CASI and ICU is provided in the eAppendix and
eTable 1 (http://www.archgenpsychiatry.com). There were no
restrictions on ICU score for the conduct-problems group. Typically developing control participants were matched to conduct problems participants on verbal/performance IQ, age, handedness, race/ethnicity, and socioeconomic status, but they were
scored in the normal range for the CASI-CD and on each
Strengths and Difficulties Questionnaire subscale. All control
participants also scored less than the conduct-problems group
median (45) on the ICU. For both groups, automatic exclusion criteria included a previous diagnosis of any neurologic
or psychotic disorder or a current prescription for psychiatric
medication.1 To recruit a representative group of children with
conduct problems, common comorbidities (ADHD, generalized anxiety disorder [GAD], depression, and substance/
alcohol abuse) were not used as exclusion criteria, but current
parent-reported symptom counts were obtained during fMRI
sessions using the CASI-4R so that their possible contribution
to the findings could be systematically assessed.
After a complete description of the study was provided to
participants, written informed consent from parents and written assent from participants were obtained. We scanned a total
of 55 children (38 with conduct problems and 17 typically developing control participants), yielding a final sample of usable data from 31 boys with conduct problems and 16 control
participants (there were exclusions owing to excessive motion [5 boys with conduct problems]; scanner refusal [1 with
conduct problems]; technical problems [1 with conduct problems]; and task error rates ⬎3 SDs more than group/condition
means [1 control subject]); see Table 1 for participant de-

Stimuli were 30 cartoons previously validated with adolescents
in an fMRI setting17: 10 each of affective ToM, cognitive ToM,
and physical causality (PC). Each cartoon consisted of 3 frames
telling a story and 1 final screen with 2 choices of ending (eFigure). Participants were asked to decide the appropriate ending. Each cartoon scenario portrayed 2 people to control for
social content. For affective ToM cartoons, selection of the correct ending required participants to infer how 1 story character would react to their companion’s affective state. For cognitive ToM cartoons, selection of the correct ending required
an inference based on the intentions or beliefs of 1 story character and their companion. For PC cartoons, an understanding of cause and effect (eg, sunshine melting snow) was required, but no understanding of mental states was required. Each
trial (cartoon) lasted 15 seconds; after every sixth trial (2 cartoons from each condition, with the order of presentation randomized across participants), a fixation cross was presented for
15 seconds. Each trial consisted of an instruction screen for 3
seconds (“What happens next?”), followed by 3 story frames,
each presented for 2 seconds (6 seconds in total). The choice
of 2 endings was then displayed for 5 seconds. During this interval, the participant selected an ending using a key press response. There was then an interstimulus interval of 1 second.

PSYCHOMETRIC AND
QUESTIONNAIRE MEASURES
Participants selected for fMRI scanning completed the Wechsler
Abbreviated Scale of Intelligence30 2-subtest version for group
matching purposes, as well as the Alcohol Use Disorders Identification Test (AUDIT)31 and the Drug Use Disorders Identification Test,32 which are brief pen-and-pencil screening measures
developed by the World Health Organization. A parent or guardian also completed the CASI-4R scales for ADHD, GAD, and major depressive episode (MDE) to ascertain symptom counts for
disorders most commonly comorbid with conduct problems
(Table 1).

fMRI DATA ACQUISITION
A Siemens Avanto 1.5-T MRI scanner was used to acquire a 5.5minute 3-dimensional T1-weighted structural scan and 184
multislice T2-weighted echo planar volumes with blood oxygenation level–dependent contrast (1 run of 9 minutes). The
echo-planar imaging sequence was designed to optimize signal detection and reduce dropout in the orbitofrontal cortex
and amygdala,33 and it used the following acquisition parameters: 35 2-mm slices acquired in an ascending trajectory with
a 1-mm gap; echo time=50 milliseconds; repetition time=2975
milliseconds; slice tilt = −30° (t ⬎ C); flip angle = 90°; field of
view=192 mm; matrix size=64⫻64. Fieldmaps were also acquired for use in the unwarping stage of data preprocessing.

fMRI DATA ANALYSIS
Imaging data were analyzed using Statistical Parametric Mapping software (SPM version 8; http://www.fil.ion.ucl.ac.uk
/spm). Data preprocessing followed a standard sequence: the
first 5 volumes were discarded and data were realigned, unwarped using a fieldmap, normalized with a voxel size of
2⫻2⫻2 mm, and smoothed with an 8-mm Gaussian filter. A
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Table 1. Participant Characteristics
Group, No. (SD)
Characteristics and Questionnaires
Demographic variables
Age, y b
Socioeconomic status b
Full IQ c
Verbal IQ c
Matrix-reasoning IQ c
Race/ethnicity, No. b
White
Black
Mixed race
Handedness, No. b
Right
Left
Ambidextrous
Inventory of Callous-Unemotional Traits d
Child and Adolescent Symptom Inventory
Conduct disorder d
ADHD e
Generalized anxiety disorder e
Major depressive episode e,f
Alcohol use and disorders c
Drug use and disorders c

Typically Developing Control
(n = 16)

Conduct Problems
(n = 31)

P Value a

13.51 (1.65)
2.70 (0.85)
106.69 (12.67)
56.94 (10.52)
50.13 (8.61)

14.35 (1.75)
2.97 (1.08)
100.19 (11.71)
51.55 (8.19)
48.35 (9.52)

.12
.39
.09
.06
.54

14
1
1

21
5
5

11
4
1
23.94 (5.99)

26
5
0
45.13 (11.67)

0.56 (0.81)
9.88 (6.20)
3.75 (3.19)
2.75 (1.98)
1.19 (1.76)
0.00 (0.00)

10.95 (6.14)
25.82 (11.37)
7.43 (4.91)
5.41 (3.28)
4.61 (6.50)
1.84 (4.32)

.40

.33
.001
.001
.001
.01
.01
.05
.10

Abbreviation: ADHD, attention-deficit/hyperactivity disorder.
a All P values obtained using t tests except for ethnicity and handedness (Fisher exact tests).
b Measures taken at screening phase (parent report).
c Child at scanning session.
d Measures taken at screening phase (parent and teacher reports).
e Measures taken at scanning session (parent report).
f Missing data from 1 participant with conduct problems.

block analysis was used to compare neural activity associated
with affective ToM, cognitive ToM, and PC. The time series was
deconstructed into 5 block types, with each included as a separate regressor in the design matrix. These consisted of affective ToM, cognitive ToM, and PC (variables of interest; in blocks
of 11 seconds’ duration), as well as visual fixation (15 seconds) and a variable comprising the times during which the
instruction screen (3 seconds) and interstimulus interval (1 second) were displayed (variables of no interest). These 5 regressors were modeled as boxcar functions convolved with a canonical hemodynamic response function. The 6 realignment
parameters were also modeled as effects of no interest. For 13
participants (10 with conduct problems and 3 control participants), extra regressors were included to model a small number of corrupted images resulting from excessive motion. These
images (amounting to no more than 10% of each participant’s
data) were removed and the adjacent images interpolated to
prevent distortion of the between-subjects mask. Data were highpass filtered at 128 seconds to remove low-frequency drifts.
At the first level, 4 contrasts of interest were run for each participant: (1) affective ToM greater than cognitive ToM; (2) affective ToM greater than PC; (3) cognitive ToM greater than affective ToM; and (4) cognitive ToM greater than PC. Contrast images
were entered into separate second-level analyses, where group
(conduct problems vs control) served as a between-subjects variable in independent-samples t tests. Main effects are reported at
P⬍.05, familywise error (FWE) corrected at the cluster level, after initial thresholding at P⬍.001, uncorrected. For the interaction between condition and group, reported regions are those
reaching cluster-level significance at P⬍.05, FWE corrected, or
those in a priori regions of interest (ie, amygdala and anterior insula) surviving small-volume correction (SVC; 10-mm radius
sphere) at P⬍.05, FWE corrected, after initial thresholding at
P⬍.001, uncorrected. Coordinates for SVC were defined by av-

eraging peak coordinates34 reported in 3 previous studies of empathy in both typically developing children/adolescents35,36 and
those with conduct disorder.15 Coordinates were taken from pain
greater than no pain contrasts indexing empathy.
To further explore function in regions showing the greatest difference between the conduct problems and control groups,
additional analyses were performed on contrast estimates from
the peak voxel in these regions within the conduct-problems
group only. Owing to smoothing, contrast estimates in the peak
voxel are a weighted average of the surrounding voxels. Using
the peak voxel is a data-driven approach in that it avoids having to arbitrarily choose a shape (eg, sphere) or statistical threshold to define a cluster of interest. Because these analyses were
conducted within the conduct-problems group only, they are
independent from the original contrast, thus the use of the peak
voxel does not introduce statistical bias.
Multiple regression was used to assess the unique contributions of antisocial behavior (ie, conduct problems; using
CASI-CD scores) and CU traits (ICU scores) to neural responses in the contrasts of interest. A follow-up analysis was
then conducted, including CASI-ADHD, CASI-GAD, CASIMDE scales, and AUDIT scores in addition to CASI-CD and ICU
scores, to rule out the possibility that comorbid symptoms of
ADHD, anxiety, and depression or alcohol use might contribute to variance in neural response.
RESULTS

TASK BEHAVIORAL DATA
Mean reaction time and error data are displayed in eTable
2. For reaction times, a group (conduct problems vs con-
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Right amygdala (24, – 12, – 10)

A

Affective ToM > fixation

0.25

Cognitive ToM > fixation

∗

∗P < .001

0.20

∗
0.30

Contrast Estimates Relative to Fixation

Contrast Estimates Relative to Fixation

0.30

Right anterior insula (32, 16, 10)

B

0.15
0.10
0.05
0.00
– 0.05
– 0.10
– 0.15

0.25
0.20
0.15
0.10
0.05
0.00
– 0.05
– 0.10
– 0.15

Conduct Problems
(n = 31)

Control
(n = 16)

– 12

– 10

Conduct Problems
(n = 31)

Control
(n = 16)

–8

8

10

12

Figure 1. Group (control vs conduct problems) by condition (affective theory of mind [ToM] or cognitive ToM) interactions in peak voxels in the right amygdala
(coordinates 24, −12, −10) (coronal overlays show y coordinates) (A) and the right anterior insula (coordinates 32, 16, 10) (transversal overlays show
z coordinates) (B). Error bars are plotted relative to baseline fixation for display and do not allow inference with respect to baseline fixation. Overlays are displayed
at P ⬍ .005 (whole brain and uncorrected).

trol) by condition (affective ToM, cognitive ToM, and PC)
mixed-model analysis of variance showed a trend toward a main effect of group (F1,45 =3.98, P=.052; 2-tailed),
with marginally faster reaction times in the control group.
However, there was no main effect of condition
(F2,90 =1.97, P= .15), and, importantly for the interpretation of fMRI contrast data, there was no interaction between group and condition (F2,90 = 0.08, P = .93).
For error data, there was a main effect of condition
(F2,90 =5.41, P=.006), with Bonferroni-corrected post hoc
tests showing significantly more errors in the affective
ToM condition than in the PC condition (P = .02). The
difference between affective ToM and cognitive ToM was
marginal (P = .08). There was no main effect of group
(F1,45 =1.30, P=.26) and no interaction (F2,90 =0.91, P=.41).
fMRI DATA
Main effects for the 4 contrasts of interest are displayed
in eTable 3 and largely replicated main effects on this task
reported previously.17 For the affective ToM greater than
cognitive ToM contrast, region of interest analysis revealed 2 significant clusters showing a greater response
in the typically developing control group relative to the
conduct-problems group (Figure 1): right anterior insula (peak voxel coordinates=32, 16, 10; t=4.45; k=122;
P ⬍ .05; FWE-SVC) and right amygdala (peak voxel
coordinates=24, −12, −10; t= 3.56; k=6; P ⬍ .05; FWESVC). Coordinates used for SVC (based on the procedure outlined in the “Methods” section) were 24, −5, −13
for the amygdala and 36, 26, 1 for the anterior insula.
At the whole-brain level, comparing the conductproblems group with the control group on this contrast

yielded no significant responses at P⬍.05, FWE cluster–
level corrected. None of the other contrasts of interest
(cognitive ToM greater than affective ToM, affective ToM
greater than PC, and cognitive ToM greater than PC)
yielded any group differences, either at the whole-brain
level or using SVC.
In regions showing a group difference for the affective
ToM greater than cognitive ToM contrast (right amygdala
and anterior insula), regression analyses within the conductproblems group were conducted to investigate the degree
of association between dimensional measures of conduct
problems (CASI-CD scores), CU traits (ICU scores), and
peak voxel contrast estimates for affective ToM greater than
cognitive ToM. Variables of interest (CASI-CD and ICU
scores) were entered together at the first stage. Also, CASIADHD, CASI-GAD, CASI-MDE, and AUDIT scores were
entered at the second stage to assess whether these variables influenced the association between CASI-CD or ICU
and variance in neural responses.
Within the amygdala, suppressor effects were found
between CASI-CD and ICU scores (Figure 2). In line
with the literature on CU traits4 and in keeping with the
accepted definition of suppressor effects,21,22 CASI-CD and
ICU scores were correlated with each other (r = 0.49,
P=.006). Bivariate correlations between each of these variables and amygdala response were not significant (for
CASI-CD: r=0.21, P=.25; for ICU: r=−0.32, P=.08 [marginal]; 2-tailed). However, unique variance associated with
CASI-CD after controlling for ICU positively predicted
amygdala response (P =.02; see Table 2 for model results), while unique variance associated with ICU after
controlling for CASI-CD negatively predicted amygdala
response (P = .008). Including CASI-ADHD, CASI-
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0.4

0.3

0.3

Amygdala Response:
Affective ToM > Cognitive ToM

Amygdala Response:
Affective ToM>Cognitive ToM

0.4
0.2
0.1
0
– 0.1
– 0.2
– 0.3
– 0.4
– 0.5
– 0.6
– 0.7
– 30

0.1
0
– 0.1
– 0.2
– 0.3
– 0.4
– 0.5
– 0.6

r = – .49, P < .05
– 20

0.2

0

– 10

10

20

r = – .44, P < .05

– 0.7
– 10

30

0

–5

Inventory of Callous-Unemotional Traits

5

10

15

CASI-4R Conduct Disorder Subscale

Figure 2. Partial regression plots showing unique associations between Inventory of Callous-Unemotional Traits scores and amygdala response in the peak voxel
from the group by condition interaction analysis (coordinates 24, −12, −10) (left) and Child and Adolescent Symptom Inventory (CASI)–Conduct Disorder
subscale scores and amygdala response (right) in the conduct-problems group (n = 31). P and r values reflect partial correlation coefficients. ToM indicates theory
of mind.

Table 2. Multiple Regression Results Showing Conduct Problem Symptoms and CU Traits as Unique Predictors of Amygdala
Response to Affective Greater Than Cognitive ToM in the Conduct-Problems Group

Step 1
Constant
ICU
CASI-CD
Step 2
Constant
ICU
CASI-CD
CASI-ADHD
CASI-GAD
CASI-MDE
AUDIT

B

Standard Error of B

␤

t

P Value

0.22
−0.01
0.01

0.13
0.00
0.01

−0.55
0.46

1.74
−2.86
2.42

.09
.008 a
.02 a

0.21
−0.01
0.02
0.00
0.01
0.10
0.00

0.15
0.00
0.01
0.01
0.01
0.01
0.01

−0.45
0.50
−0.22
−0.11
0.16
0.05

1.43
−1.84
2.17
−0.69
−0.41
0.72
0.26

.17
.08
.04 a
.50
.69
.48
.79

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; AUDIT, Alcohol Use Disorders Identification Test; CASI, Child and Adolescent Symptom Inventory;
CD, conduct disorder; CU, callous-unemotional; GAD, generalized anxiety disorder; ICU, Inventory of Callous-Unemotional Traits; MDE, major depressive episode;
ToM, theory of mind.
a P ⬍ .05.

GAD, CASI-MDE, and AUDIT could not explain these
effects (for CASI-CD, P = .04; for ICU, P = .08 [marginal]), and none of these variables made a significant
independent contribution to variance in amygdala response (all P ⬎.48). Neither bivariate correlations or regression analyses showed significant associations between any independent variable and anterior insula
response.
To explore the specificity of these effects, whole-brain
regression analyses were conducted within the conductproblems group; first including CASI-CD and ICU scores
as individual regressors and then including both within
the same model. When entered as individual regressors,
no region showed a positive or negative relationship with
either CASI-CD or ICU scores at a cluster-corrected threshold or in a priori predicted regions. When both were included in the model, the only region showing a positive
relationship with CASI-CD scores and a negative relationship with ICU scores (the pattern of suppressor effects seen
in the peak voxel analyses) was a single voxel in the right
amygdala/parahippocampal gyrus border that survived SVC
at P⬍.05, FWE (coordinates 24, −14, −12; adjacent to the

peak voxel used above). No regions showed the reverse
pattern (ie, a negative relationship with CASI-CD scores
and a positive relationship with ICU scores).
COMMENT

Our study extends our understanding of neural processing in conduct problems. First, we replicated the finding of low amygdala reactivity to affective compared with
nonaffective stimuli in children with conduct problems11,12,14 using a more complex affective task than has
been used previously. Reduced activation during affective ToM in the conduct-problems group relative to the
typically developing control group was also seen in the
right anterior insula, a region commonly activated during tasks requiring empathy20 and also previously implicated in the functional pathophysiology of conduct problems.37 Second, we explored conduct problem symptoms
and CU traits as dimensional variables within our conductproblems group, and we demonstrated independent and
contrasting contributions of conduct problems symp-
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toms and CU traits on amygdala response. The finding
of suppressor effects between conduct problems and CU
traits at the neural level may go some way toward explaining previously inconsistent findings of both hypoactivation and hyperactivation of the amygdala in children with conduct problems.
Affective ToM (understanding others’ emotions) is
hypothesized to require cognitive ToM (understanding
intentions and beliefs) and empathy (which relies on
the processing of basic affective cues).19 Compared with
typically developing control children, children with
conduct problems showed reduced right amygdala and
anterior insula activity to affective ToM relative to cognitive ToM, despite there being no differences in behavioral performance between groups. In both regions, this
was driven by a significantly greater neural response to
affective vs cognitive ToM in typically developing control children, but no difference between conditions in
the conduct-problems group. The amygdala data are
consistent with previous observations of hypoactivation
of this structure in response to visually salient stimuli
(emotional faces and scenes) in children with conduct
problems.11,12,14 However, our findings suggest that this
atypical response pattern is also evident when children
with conduct problems process more abstract affective
information requiring narrative inference. This could
reflect failure to appropriately process emotionally
salient cues present in these scenarios, such as facial
expressions of distress and concern or comforting body
postures signifying empathy.
The group difference in the anterior insula is consistent with previous observations of an empathy deficit in conduct problems (particularly in the presence
of high CU traits).18 The present finding is also in line
with a previous fMRI study,13 which found a reduced
response in the left anterior insula in adolescents with
conduct disorder in response to angry faces relative
to neutral faces, as well as another study that observed
an association between anterior insula volume and
empathy in conduct problems.37 Findings are also consistent with behavioral reports of spared cognitive
ToM abilities in conduct problems despite affectiveprocessing deficits.18,19
On the basis of inconsistent findings with regard to
amygdala activity in previous studies11,12,15,16 and suppressor effects between conduct problem symptoms and
CU traits at the behavioral level,22,24 our second aim was
to investigate dimensional contributions of conduct problem symptoms and CU traits to variance in the neural
processing of affective stimuli in children with conduct
problems. We found that unique variance associated with
conduct problems was positively related to amygdala response to affective ToM scenarios after controlling for
CU traits, while unique variance associated with CU traits
was negatively related to amygdala response after controlling for conduct problem symptoms. Because neither conduct problems nor CU traits were significantly
related to amygdala activity in zero-order correlation
analyses, this is suggestive of suppressor effects between conduct problems and CU traits at the neural level.
Other indicators of psychopathology commonly comorbid with conduct problems did not drive these relation-

ships. Interestingly, the dimensional associations found
in the amygdala did not hold for the anterior insula.
Although 4 task contrasts of interest were conducted
at the second level, only 1 (affective ToM greater than
cognitive ToM) yielded group differences at the corrected whole-brain level or in small-volume–corrected
regions of interest. Given previous evidence suggesting
spared cognitive ToM abilities in children with conduct
problems and high levels of CU traits,18 it is perhaps unsurprising that group differences were not found for cognitive ToM greater than affective ToM. However, it might
be predicted that affective ToM greater than PC should
yield similar group differences as affective ToM greater
than cognitive ToM. Indeed, at a lower threshold, activations in the amygdala and anterior insula were seen for
this contrast. However, the PC condition is not as well
matched a control condition for affective ToM and may
have provided a more noisy contrast than cognitive ToM.
However, the PC condition demonstrated that both cognitive and affective ToM cartoons reliably engage the ToM
network.
There were some limitations to our study. Our sample
was recruited from a community setting and had a research diagnosis of conduct problems. It would be important to replicate these findings with children who have
a clinical diagnosis of conduct disorder. This study also
focused only on boys; it will clearly be important to systematically investigate neural correlates associated with
conduct problems in girls. Additionally, 5 participants
in the conduct-problems group were excluded owing to
excessive motion in the scanner, while no typically developing children were excluded for this reason. Inspection of demographic and behavioral data revealed no obvious differences between the excluded participants and
the experimental sample of conduct-problems participants. Therefore, it is unlikely that these exclusions systematically biased our collected data. In terms of the experimental task, our study cannot disambiguate which
component (or components) of empathy processing might
be driving the group differences in the amygdala and insula (eg, basic processing of affective cues, emotional contagion, more conscious affect sharing, or speed of habituation to distress cues). Future studies should aim to
disambiguate these processes. Importantly however, we
have established that affective-processing abnormalities
in the conduct-problems population, previously demonstrated with only basic stimuli (eg, cropped faces), are
also elicited by a more ecologically valid task representing the type of complex affective scenario encountered
on a daily basis. Finally, it is unclear why anterior insula response to affective ToM scenarios was not related
to CU traits or conduct problem symptoms within the
conduct-problems group, despite the observed group difference. Further study is needed to determine the relationship between CU traits, conduct problems, empathy, and anterior insula response in individuals with
conduct problems.
This study also had a number of strengths. Our findings consolidate and extend previous studies, demonstrating that conduct problems in children are associated with amygdala and anterior insula hypoactivity
during a complex affective-processing task including an
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empathy component. In addition, suppressor effects were
found between CU traits and conduct problem symptoms in relation to amygdala activity, suggesting a potential neural substrate for the heterogeneity in affective
profiles associated with conduct problems. From a theoretical perspective, this may help account for inconsistency in amygdala reactivity reported in previous studies of children with conduct problems. From a clinical
perspective, this finding adds further weight to the view
that the conduct-problems population is heterogeneous, comprising distinct subgroups characterized by
different neurocognitive vulnerabilities. Preliminary evidence indicates that levels of CU traits may have implications for treatment response.38 Our data suggest that
variance unique to CU traits is associated with reduced
affective responding to affective social scenarios. Therefore, it is possible that high CU traits could influence response to standard components of treatment for conduct disorder, particularly victim empathy work and social
skills training.39,40 In our view, more routine evaluation
of CU traits in children with conduct problems (currently under consideration for DSM-5) would be helpful, as would systematic study of how treatment response to different forms of intervention for conduct
problems may be moderated by a child’s level of CU traits.
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