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Objective: The developmental taxonomic
theory proposes that neurodevelopmental
factors play a critical role in the etiology of
early-onset conduct disorder, whereas ad-
olescent-onset conduct disorder arises as
a result of social mimicry of deviant peers.
Recent studies have challenged this theory
by demonstrating that adolescents with
both early- and adolescent-onset forms
of conduct disorder show impaired emo-
tional learning and abnormal neural acti-
vation during facial expression processing.
The present study extends this work by
investigating brain structure in both sub-
types of conduct disorder.

Method: Voxel-based morphometry was
used to compare gray matter volumes in
four regions of interest (amygdala, insula,
anterior cingulate, and orbitofrontal cor-
tex) in male adolescents with early-onset
(N=36) or adolescent-onset (N=27) con-
duct disorder and in healthy comparison
subjects (N=27). Whole-brain structural

Results: The combined conduct disor-
der group displayed gray matter volume
reductions in the bilateral amygdala, ex-
tending into the insula, relative to healthy
comparison subjects. Separate compari-
sons between healthy subjects and each
conduct disorder subgroup revealed low-
er amygdala volume in both subgroups
and reduced right insula volume in the
adolescent-onset subgroup. Regression
analyses within the conduct disorder sub-
jects alone demonstrated a negative cor-
relation between conduct disorder symp-
toms and right insula volume.

Conclusions: The results demonstrate
that gray matter volume reductions in
brain regions involved in processing so-
cioemotional stimuli are associated with
conduct disorder, regardless of age of
onset. Brain structural abnormalities may
contribute to the emergence of adoles-
cent-onset as well as early-onset conduct
disorder.

analyses were also performed.

(Am J Psychiatry 2011; 168:624-633)

Conduct disorder is a psychiatric condition that
emerges in either childhood or adolescence and is char-
acterized by increased aggressive and antisocial behavior
(1). The societal effect of conduct disorder is profound
because individuals with this disorder are often impaired
across multiple settings (e.g., social, educational, and in-
terpersonal) and are at increased risk for developing men-
tal and physical health problems in adulthood (2, 3).

The role of neurobiological factors in the etiology of
conduct disorder and related disorders has attracted in-
creased attention in recent years (4-6). However, a sig-
nificant obstacle to our progress in characterizing the
pathophysiology of conduct disorder is the heterogeneity
of the phenotype. In her influential developmental taxo-
nomic theory, Terrie E. Moffitt, Ph.D. (7), along with her
colleagues (8), argued that early-onset conduct disorder
is a neurodevelopmental condition, whereas adolescent-
onset conduct disorder emerges as a result of social mim-
icry and therefore does not have a neurological basis. As a
consequence, all previous structural neuroimaging stud-
ies of conduct disorder (9-11) have focused exclusively
on the early-onset subtype. However, prior research has

demonstrated similar impairments in fear conditioning
(12), affective decision making (13), and facial expression
recognition (14) in both conduct disorder subtypes. A re-
cent neuroimaging study also found abnormal activation
in brain regions involved in affective behavior, including
the amygdala, during facial expression processing in both
early- and adolescent-onset conduct disorder (15). Our
primary aim in the present study was to examine whether
these behavioral and functional neural abnormalities are
underpinned by similar changes in brain structure in the
two conduct disorder subtypes. On the basis of previous
research, we predicted that structural abnormalities in
brain regions involved in affective behavior would be ob-
served in both conduct disorder subtypes relative to com-
parison subjects.

A number of studies have reported increased levels of
psychopathic or callous-unemotional traits in children
and adolescents with conduct problems or conduct dis-
order diagnoses (13, 16, 17). However, previous structural
neuroimaging studies of conduct disorder (10, 11) have
not taken psychopathic or callous-unemotional traits into
account. In contrast, the only study to have investigated
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brain structural correlates of conduct problems and cal-
lous-unemotional traits, conducted by de Brito et al. (18),
did not employ DSM-1V criteria for conduct disorder. The
authors observed increased gray matter concentration in
the anterior cingulate and medial orbitofrontal cortex in
children with conduct problems and callous-unemotional
traits, whereas previous studies of conduct disorder (10,
11) found reduced gray matter volume in the amygdala,
anterior insula, and orbitofrontal cortex. This led de Brito
et al. (18) to propose that conduct disorder with callous-
unemotional traits is associated with a qualitatively dif-
ferent neurological profile compared with conduct dis-
order without callous-unemotional traits. Unfortunately,
the study did not include a group with conduct problems
and low levels of callous-unemotional traits, which would
have provided a stronger test of this hypothesis. To further
evaluate this proposal, our second aim was to investigate
the consequences of individual variation in psychopathic
or callous-unemotional traits on brain structure. Given
previous functional neuroimaging evidence (15) that in-
creased conduct disorder symptoms are associated with
greater brain abnormalities, regardless of the conduct dis-
order subtype or level of callous-unemotional traits, our
third aim was to investigate relationships between con-
duct disorder symptoms and structural abnormalities.

The present study also incorporated a methodological
advance in relation to previous structural imaging stud-
ies of conduct disorder by employing the recently devel-
oped Diffeomorphic Anatomical Registration Through
Exponentiated Lie algebra image registration procedure
(19). This algorithm improves realignment of small inner
structures (20), enhancing image registration across par-
ticipants and allowing better detection of volumetric dif-
ferences in subcortical structures (21).

Method

Participants

Sixty-five male adolescents with conduct disorder were re-
cruited from schools, pupil referral units, and the Cambridge Youth
Offending Service, Cambridge, United Kingdom. All participants
gave written informed consent to participate in the study, which
was approved by the local research ethics committee. Exclusion
criteria for the conduct disorder group included an IQ <80, as es-
timated using the Wechsler Abbreviated Scale of Intelligence (22),
or presence of a pervasive developmental disorder (e.g., autism).
A healthy comparison group (no history of conduct disorder/op-
positional defiant disorder and no current psychiatric illness) of
27 male adolescents, matched for IQ, was recruited from schools
and colleges. The majority (N=75) of healthy comparison subjects
and conduct disorder participants had participated in our earlier
functional magnetic resonance imaging (MRI) study (15).

All participants were assessed for conduct disorder, opposi-
tional defiant disorder, attention deficit hyperactivity disorder
(ADHD), major depressive disorder, generalized anxiety disor-
der, obsessive-compulsive disorder, posttraumatic stress disor-
der, and substance dependence using the Schedule for Affective
Disorders and Schizophrenia for School-Age Children-Present
and Lifetime Version (23). Diagnostic interviews were carried out
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separately with participants and caregivers. Participants were di-
agnosed with early-onset conduct disorder if they or their care-
givers reported that at least one conduct disorder symptom and
functional impairment was present prior to age 10 years (1). If
symptom onset occurred after age 10 years, a diagnosis of adoles-
cent-onset conduct disorder was given. According to these crite-
ria, 37 participants were classified as having early-onset conduct
disorder and 28 as having the adolescent-onset subtype.
Callous-unemotional and overall psychopathic traits were
assessed in all participants using the Callous-Unemotional Di-
mension subscale and the total score of the self-report Youth
Psychopathic traits Inventory (24), respectively. Data on callous-
unemotional traits were also obtained from parents using the
Inventory of Callous-Unemotional traits (25). Because of time
constraints or parents electing not to complete the questionnaire,
data from this inventory were only available for 73 participants.
Anxiety was assessed using the Spielberger State-Trait Anxiety In-
ventory (26). The Adolescent Alcohol and Drug Involvement Scale
(27) measured alcohol and substance use. Finally, socioeconomic
status was quantified using the ACORN geodemographic tool
(http://www.caci.co.uk/acorn-classification.aspx).

Neuroimaging

Data acquisition. Structural MRI was acquired using a 3-Tesla
Siemens Tim Trio at the Medical Research Council Cognition
and Brain Sciences Unit (Cambridge, United Kingdom). We ac-
quired T1-weighted three-dimensional magnetization-prepared
rapid gradient-echo images (voxel size=1xI1x1 mm, repetition
time=2,250 msec, echo time=2.99 msec, inversion time=900
msec, flip angle=9°). Total scanning time was 4 minutes and 16
seconds.

Image processing and analysis. Voxel-based morphometry
analysis was performed using SPM5 (Wellcome Trust Department
of Imaging Neuroscience, London). Images were first inspected
for scanner artifacts and gross neuroanatomical abnormalities,
such as tumors or cysts, by a consultant neurologist and a con-
sultant radiologist (two conduct disorder participants were ex-
cluded for this reason [early-onset, N=1; adolescent-onset, N=1]).
We then employed the Diffeomorphic Anatomical Registration
Through Exponentiated Lie algebra toolbox in SPM5 to spatially
segment the images; import the images into native space; create
a template from the merged images of the 90 subjects; and warp,
modulate, normalize, and smooth the individual results using an
8-mm full-width at half-maximum Gaussian kernel.

Following preprocessing, statistical analyses were performed
in SPM5 using a general linear model to permit quantification of
group effects (F statistics and follow-up t tests), with total gray
matter volume as a covariate of no interest. We first performed
a region-of-interest analysis using a significance level of p<0.05,
with family-wise error correction for multiple comparisons with-
in the regions of interest (i.e., small-volume correction). In line
with previous imaging studies on antisocial populations (10, 11,
15, 28), we defined the amygdala, insula, anterior cingulate, and
orbitofrontal cortex as our a priori regions of interest using the at-
las for Automated Anatomical Labeling (29). The number of vox-
els within each region of interest was as follows: amygdala: 248;
insula: 1,858; anterior cingulate: 1,399; orbitofrontal cortex: 3,645.
We subsequently performed comparisons between groups on the
whole-brain level (employing a statistical threshold of p<0.001
uncorrected, 210 contiguous voxels). Lastly, we used regression
analyses to examine whether self-reported overall psychopathic
or callous-unemotional traits, parent-reported callous-unemo-
tional traits, or conduct disorder symptoms (lifetime/ever, cur-
rent, or aggressive symptoms) were related to gray matter vol-
ume when considering the conduct disorder participants alone
(N=63).
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TABLE 1. Characteristics of Male Adolescents With Early- or Adolescent-Onset Conduct Disorder and Healthy Comparison

Subjects in the Structural Imaging Analyses?

Group

1) Healthy Comparison

2) Adolescent-Onset

Conduct Disorder 3) Early-Onset Conduct

Measure (N=27) (N=27) Disorder (N=36) Analysis
Mean SD Mean SD Mean SD p Post Hoc
Age (years)? 18.53 1.04 17.89 1.09 17.69 1.16 0.01 1>3
Estimated full-scale 1Q 101.41 9.05 100.89 9.56 97.72 8.11 0.20
Psychopathic traits (Youth Psychopathic
traits Inventory total score) 1.98 0.28 2.47 0.34 2.46 0.42 <0.001 1< (2, 3)
Youth Psychopathic traits Inventory
callous-unemotional subscale score 0.61 0.10 0.74 0.11 0.74 0.12 <0.001 1< (2, 3)
Inventory of Callous-Unemotional traits
score 21.44 7.63 31.78 11.17 36.62 15.03 <0.001 1< (2, 3)
Lifetime conduct disorder symptoms 0.41 0.64 7.48 2.46 9.11 1.85 <0.001 1<2<3
Current conduct disorder symptoms 0.07 0.27 4.78 1.80 4.97 2.56 <0.001 1< (2, 3)
Aggressive conduct disorder symptoms 0.07 0.27 2.93 1.38 3.56 1.03 <0.001 1<2<3
Lifetime ADHD symptoms 2.62 2.38 5.96 4.27 8.74 4.86 <0.001 1<2<3
Current ADHD symptoms 1.42 1.94 3.92 3.71 6.41 4.92 <0.001 (1,2) <3
State Anxiety (Spielberger Trait Anxiety
Inventory score) 31.78 6.61 29.93 7.26 28.83 6.16 0.22
Trait Anxiety (Spielberger Trait Anxiety
Inventory score) 36.48 8.72 37.85 8.38 39.65 8.91 0.36
N % N % N % p Post Hoc
ACORN socioeconomic status 0.02 1>3
Wealthy achievers 5 18.5 2 7.4 0 0
Urban prosperity 7 25.9 6 222 2 5.6
Comfortably off 6 22.2 6 22.2 16 44.4
Moderate means 2 7.4 1 3.7 4 11.1
Hard-pressed 7 25.9 12 44.4 14 38.9
Ethnicity 0.66
Caucasian 26 96.3 25 92.6 35 97.2
Non-Caucasian 1 3.7 2 7.4 1 2.8

2 The age ranges for healthy comparison subjects, adolescent-onset conduct disorder participants, and early-onset conduct disorder partici-
pants were as follows: 16-20 years, 16-20 years, and 16-21 years, respectively.

Results

Demographic and Clinical Variables

The study groups were matched on estimated full-scale
IQ, ethnicity, handedness, and state and trait anxiety, but
early-onset conduct disorder participants were slightly
younger (p<0.05) and of lower socioeconomic status (ex-
act test: p=0.005) relative to healthy comparison subjects
(Table 1).

As expected, the study groups differed in current, life-
time/ever, and aggressive conduct disorder symptoms
(F=60.49, df=2, 87, p<0.001; F=189.91, df=2, 87, p<0.001;
F=98.72, df=2, 87, p<0.001, respectively), with both con-
duct disorder subgroups reporting higher numbers of
symptoms than comparison subjects on all three mea-
sures (p<0.001). Early-onset conduct disorder participants
endorsed more lifetime/ever conduct disorder symptoms
(p<0.005) and more aggressive symptoms (p<0.05) than
adolescent-onset participants, but the two subgroups
did not differ in current conduct disorder symptoms. The
study groups also differed in current and lifetime/ever
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ADHD symptoms (F=12.36, df=2, 82, p<0.001; F=16.65,
df=2, 82, p<0.001, respectively), with early-onset partici-
pants reporting higher levels of current ADHD symptoms
than adolescent-onset participants (p<0.05) and com-
parison subjects (p<0.001). Early-onset participants also
reported higher levels of lifetime/ever ADHD symptoms
than adolescent-onset participants (p<0.05) and com-
parison subjects (p<0.001), and the adolescent-onset sub-
group had higher levels of lifetime/ever symptoms than
comparison subjects (p<0.05).

There were main effects of group on self-reported over-
all psychopathic (F=17.13, df=2, 87, p<0.001) and callous-
unemotional (F=11.81, df=2, 87, p<0.001) traits, with ado-
lescent- and early-onset conduct disorder participants
scoring higher than comparison subjects on both mea-
sures (p<0.001). The conduct disorder subgroups did not
differ from each other on either measure. Finally, the study
groups differed on parent-reported callous-unemotional
traits (F=11.03, df=2, 71, p<0.001), with both conduct dis-
order subgroups having higher scores than comparison
subjects (both p<0.005) but not differing from each other.
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TABLE 2. Brain Regions Reduced in Gray Matter Volume in the Combined Conduct Disorder Group (Early-Onset Plus Ado-

lescent-Onset) Relative to Comparison Subjects®

Cerebral Region and Hemisphere Local Maxima (Z)

Number of Significant
Voxels in Cluster

Montreal Neurological Institute
Coordinates (x, y, z)

Amygdala

Left 3.55%

Right 3.68%
Insula: left 333
Dorsomedial prefrontal cortex: left 3.61
Caudate nucleus

Left 3.68

Right 3.57
Fusiform gyrus: left 3.64
Inferior occipital cortex: left 4.26
Superior occipital cortex: left 3.40

167 -30, 5,18
348 26,3,-17
50 -32,9,-18
211 -6, 66, 25
113 -15,-18, 19
91 16,18, 22
48 -38,-79, 14
193 -24,-88, -5
129 -18,-82, 27

2 Gray matter reductions in the insula, dorsomedial prefrontal cortex, caudate nucleus, fusiform gyrus, and inferior and superior occipital
cortices met criteria for statistical significance of p<0.001, uncorrected, for >10 contiguous voxels.

*p<0.05 (family-wise error [small-volume correction]).

Neuroimaging

Group effects on gray matter volume. There were no group
differences in total gray matter volume. When the three
groups were compared using region-of-interest analysis,
a main effect of group was observed in the bilateral amyg-
dala (left: p=0.04, family-wise error [small-volume cor-
rection]; right: p=0.02, family-wise error [small-volume
correction]). Further group effects outside the regions of
interest are listed in Table 1 of the data supplement ac-
companying the online version of this article.

Comparisons between the combined conduct disorder
group and healthy comparison subjects. To decompose
the group effects, we first compared the combined conduct
disorder group (early-onset plus adolescent-onset) with
the healthy comparison group. Relative to comparison
subjects, the combined conduct disorder group showed
reduced gray matter volume in the bilateral amygdala
(Table 2, Figure 1), extending into the ventral insula on the
left side. Other brain areas outside of the regions of inter-
est that were reduced in volume in conduct disorder par-
ticipants are listed in Table 2. These included the left dor-
somedial prefrontal cortex and bilateral caudate nucleus.
None of the regions of interest showed increased volume
in the combined conduct disorder group relative to com-
parison subjects. However, the combined group displayed
increased volume in the left frontal operculum and left in-
ferior temporal gyrus (both p values <0.001, uncorrected).

Comparisons between each conduct disorder subgroup
and healthy comparison subjects. Relative to comparison
subjects, both early- and adolescent-onset conduct disor-
der participants showed reduced right amygdala gray mat-
ter volume. Adolescent-onset participants also displayed
reduced left amygdala volume, and reduced left amygdala
volume in early-onset participants nearly reached statisti-
cal significance (p=0.06, family-wise error [small-volume
correction] [Figure 1, Table 3]).
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None of the other regions of interest showed significant
reductions in gray matter volume in early-onset partici-
pants relative to comparison subjects (for additional re-
gions that were decreased in volume in early-onset par-
ticipants, see Table 3).

As well as reduced bilateral amygdala volume, ado-
lescent-onset participants showed reduced gray matter
volume in the right ventral insula, left orbitofrontal cor-
tex, and left dorsomedial prefrontal cortex. Coordinates
of these differences and additional regions outside of the
regions of interest that were reduced in volume in adoles-
cent-onset participants are listed in Table 3. None of the
regions of interest were increased in volume in adolescent-
or early-onset participants relative to comparison subjects.

Comparisons between the conduct disorder subgroups.
A direct comparison of the conduct disorder subgroups
revealed no significant differences in the regions of inter-
est. However, gray matter volume differences between the
subgroups were detected outside the regions of interest
(see Table 2 in the data supplement).

Potential Confounds

To examine whether group differences in demograph-
ic, clinical, and personality variables contributed to the
aforementioned findings, we reran our voxel-based mor-
phometry analyses, adjusting for these variables in sepa-
rate general linear model analyses. Relative to comparison
subjects, the combined conduct disorder group continued
to show reduced bilateral amygdala volume (p<0.05, fam-
ily-wise error [small-volume correction]) when adjusting
for ADHD symptoms, age, socioeconomic status, tobacco,
alcohol, or cannabis use, self-reported psychopathic or
callous-unemotional traits, and parent-reported callous-
unemotional traits (in a subset of the sample, N=73). The
effect in the left insula was still significant (p<0.05) when
controlling for each of these variables, with the exception
of ADHD symptoms or age.
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FIGURE 1. Statistical Parametric Mapping Results in Male Adolescents With Early- or Adolescent-Onset Conduct Disorder

and Healthy Comparison Subjects?
A. HC > Combined CD

T Value
5

AR 26

B. HC > EO-CD

'S T Value

0.72

0.70

0.68

30, y=4, z=-20)

0.66

0.64

0.62

Gray Matter Volume Parameter

Estimates at (x

0.60

HC EO-CD

AO-CD

2 The images depict A) foci of gray matter volume reductions in the bilateral amygdala (left: x=—30, y=5, z=-18; right: x=26, y=3, z=—17) in a
combined group of participants with conduct disorder (N=63) relative to healthy comparison subjects (N=27); B) significant bilateral amyg-
dala (left: x=-30, y=5, z=—18; right: x=24, y=4, z=—17) volume reduction in participants with early-onset conduct disorder relative to healthy
comparison subjects; C) significant bilateral amygdala (left: x=-30, y=5, z=—18; right: x=30, y=4, z=-20) volume reduction in participants
with adolescent-onset conduct disorder relative to healthy comparison subjects; and D) the mean value for right amygdala gray matter vol-
ume in each group. The color bars represent T statistics. (For cluster sizes and Z scores, see Table 2 and Table 3.) Images are thresholded at
p<0.005, uncorrected, for display purposes. Abbreviations: HC=healthy comparison; CD=conduct disorder; EO=early-onset; AO=adolescent-

onset.

Relative to comparison subjects, adolescent-onset par-
ticipants continued to show significant reduced bilateral
amygdala volume (p<0.05, family-wise error [small-volume
correction]) when controlling for each of these variables.
They also displayed lower right insula volume when adjust-
ing for socioeconomic status, self-reported psychopathic
or callous-unemotional traits, parent-reported callous-
unemotional traits, and alcohol or cannabis use, although
this difference fell short of statistical significance (p<0.10,
family-wise error [small-volume correction]) when con-
trolling for ADHD symptoms, age, or tobacco use.

When adjusting for ADHD symptoms, socioeconomic
status, alcohol or cannabis use, and self-reported psycho-
pathic or callous-unemotional traits, early-onset partici-
pants continued to show significant reduced volume or
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reduced volume that nearly reached statistical significance
in the right amygdala (all p values <0.06, family-wise error
[small-volume correction]). However, this finding was di-
minished to only marginal significance when adjusting for
age (p=0.08, family-wise error [small-volume correction])
and tobacco use (p=0.09, family-wise error [small-volume
correction]) and was abolished when we controlled for
parent-reported callous-unemotional traits. The aforemen-
tioned findings in the left amygdala remained intact when
we controlled for socioeconomic status, self-reported psy-
chopathic or callous-unemotional traits, and alcohol use
(all p values <0.06, family-wise error [small-volume correc-
tion]), but findings were no longer even marginally signifi-
cant after adjustment for ADHD symptoms, parent-report-
ed callous-unemotional traits, and tobacco or cannabis use.
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TABLE 3. Separate Comparisons Between Each Conduct Disorder Subgroup and Healthy Comparison Subjects?

Cerebral Region and Hemisphere

Local Maxima (2)

Number of Significant
Voxels in Cluster

Montreal Neurological Institute
Coordinates (X, v, 2)

Healthy comparison>early-onset conduct disorder

Amygdala
Left
Right
Caudate nucleus
Left
Right
Fusiform gyrus: left
Inferior occipital cortex: left
Cerebellum
Left
Right

Early-onset conduct disorder>healthy comparison
Inferior frontal gyrus: left
Middle temporal gyrus: left
Supplementary motor area
Left
Right
Healthy comparison>adolescent-onset conduct disorder
Amygdala
Left
Right
Insula: right
Orbitofrontal cortex: left
Dorsomedial prefrontal cortex: left
Inferior occipital cortex: left
Mid-occipital cortex: right
Adolescent-onset conduct disorder>healthy comparison
Frontal operculum
Left
Right
Inferior temporal gyrus: left
Superior temporal gyrus: left
Middle temporal gyrus: right

2.78° 125 -30,5,-18
2.96* 235 24, 4,-17
3.77 106 -15,-18, 22
3.55 87 16, -18, 22
3.59 50 -36,-79,-14
3.97 935 -24,-88, -5
3.12 38 -12,-43,-26
3.52 196 24,-52,-32
343 207 -54, 29, 16
3.09 35 -46, 4, -33
3.57 496 -9,15,63
3.26 189 6,-10, 66
3.50% 123 -30,5,-18
3.93% 382 30, 4,-20
3.54*% 17 32,9,-18
3.23 27 -16, 50, -23
3.84 335 -5, 65, 29
3.87 218 -24,-87,-3
3.71 185 40,-82, 4
4.03 521 -51,12, 22
3.63 190 54,9, 4
3.20 70 -46, -3, -35
3.16 77 -39, 11,-35
3.17 79 48, 8, -30

2 Gray matter reductions in all regions except the amygdala and insula met criteria for statistical significance of p<0.001, uncorrected, for 210

contiguous voxels.

b Analyses revealed a nearly significant statistical difference (p=0.06 [family-wise error, small-volume correction]).

*p<0.05 (family-wise error [small-volume correction]).

Correlations Between Conduct Disorder Symptoms
and Gray Matter Volume in Conduct Disorder
Participants Only

Right insula volume was negatively correlated with life-
time/ever conduct disorder symptoms (Z=3.57, p<0.05,
family-wise error [small-volume correction] [Figure 2]).
This negative correlation was still significant (p<0.05, fam-
ily-wise error [small-volume correction]) when adjusting
for self-reported callous-unemotional traits but fell short
of significance (p=0.06, family-wise error [small-volume
correction]) when adjusting for self-reported psychopath-
ic traits. There was also a negative correlation (Z=3.09,
p=0.001, uncorrected) when controlling for lifetime/ever
ADHD symptoms. However, in the subset of conduct dis-
order participants for whom Inventory of Callous-Un-
emotional traits data were available (N=47), the negative
correlation in the right insula was no longer significant
when we controlled for parent-reported callous-unemo-
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tional traits. None of the other regions of interest showed
a significant positive or negative correlation with lifetime/
ever or current conduct disorder symptoms.

Additional regions outside of the regions of interest that
were positively or negatively correlated with lifetime/ever
conduct disorder symptoms are listed in Table 3 of the
data supplement.

Regression Analyses Using Callous-Unemotional and
Psychopathic Traits in Conduct Disorder Participants
Only

We did not observe any negative or positive correla-
tions between self-reported psychopathic or callous-un-
emotional traits and volumes in the regions of interest.
However, there was a positive correlation between self-
reported callous-unemotional traits and volume in the
caudate nucleus (Z=3.94, p<0.001, uncorrected) and ven-
tral striatum (Z=3.21, p<0.001, uncorrected [see Figure 1 in
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FIGURE 2. Negative Correlation Between Right Insula Gray Matter Volume and Lifetime/Ever Conduct Disorder Symptoms

in Conduct Disorder Participants Only?

A. Negative Correlation With Conduct
Disorder Symptoms

T Value
4

N

Fg

Gray Matter Volume Parameter

Estimates at (x

0.95

0.90

=-20)

0.85

0.80

30, y=4, z

0.75

0.70

0.65

0.60

0.55

4 6 8 10 12

Lifetime/Ever Conduct Disorder Symptoms

14

2 The image A) depicts the negative correlation in the right insula (x=47, y=2, z=4). The color bar represents T statistics. The image is thresh-
olded at p<0.005, uncorrected, for display purposes. The image shown in B is a scatter plot depicting the negative correlation between gray
matter volume and lifetime/ever conduct disorder symptoms at the peak voxel in the right insula (as shown in A).

the data supplement]). This correlation remained signifi-
cant (p<0.001, uncorrected) when adjusting for conduct
disorder symptoms, suggesting that self-reported callous-
unemotional traits are associated with striatal volume, in-
dependent of the behavioral features of conduct disorder.
Although weaker, there was also a positive correlation be-
tween self-reported overall psychopathic traits and right
caudate volume (Z=3.02, p=0.001, uncorrected).

In the subset of conduct disorder participants for whom
parent-reported callous-unemotional trait data were
available (N=47), no region of interest was negatively or
positively correlated with parent-reported callous-un-
emotional traits. There was also no positive relationship
between striatal volume and parent-reported callous-un-
emotional traits.

Discussion

Our results for the early-onset conduct disorder sub-
group are broadly consistent with previous findings
showing reduced amygdala gray matter volume (10, 11)
and reduced temporal lobe volume (9) in male children
and adolescents with early-onset conduct disorder. A key
novel finding of this study is that reduced gray matter vol-
ume in limbic regions putatively involved in the patho-
physiology of conduct disorder (e.g., the amygdala) is
also observed in the adolescent-onset subtype. Reduced
amygdala volume therefore appears to be a general char-
acteristic of male adolescents with conduct disorder, ir-
respective of age of onset. This finding did not appear
to be explained by increased levels of ADHD symptoms,
psychopathic traits, or callous-unemotional traits in the
conduct disorder participants, since it remained signifi-
cant when adjusting for these variables. We also dem-
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onstrated a negative correlation between lifetime/ever
conduct disorder symptoms and right insula volume,
indicating that increased severity of conduct disorder is
associated with greater structural abnormalities in brain
regions involved in affective behavior. In addition to the
amygdala and insula, we observed reduced gray matter
volume in the dorsomedial prefrontal cortex and caudate
nucleus in participants with conduct disorder. Finally,
there were no volumetric differences between early- and
adolescent-onset conduct disorder participants in our a
priori regions of interest.

Contrary to the developmental taxonomic theory (7, 8),
we demonstrated that participants with both subtypes of
conduct disorder show similar reductions in gray matter
volume in brain regions, including the amygdala. Surpris-
ingly, the reductions in amygdala volume were numerical-
ly greater and statistically more robust in the adolescent-
onset subgroup than the early-onset subgroup. These
reductions in amygdala volume may have underpinned
our earlier behavioral and functional neuroimaging find-
ings, since this structure plays a critical role in fear condi-
tioning (30, 31) and is activated in functional MRI (fMRI)
paradigms involving facial expression processing (32).
Structural abnormalities in the amygdala may also un-
derlie the finding that both early- and adolescent-onset
conduct disorder are associated with blunted cortisol re-
sponses to stress (33), since the amygdala is involved in
initiating hypothalamic-pituitary-adrenal axis responses
to stress (34).

Consistent with earlier work (11), we observed reduced
insula volume in participants with conduct disorder, al-
though the insula regions were located more ventrally
than those reported previously. Interestingly, we also ob-
served a negative correlation between conduct disorder
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symptoms and right insula volume when considering
conduct disorder participants only. The insula is impli-
cated in many aspects of affective behavior, including
awareness of one’s own emotional states (35) and those of
others (36). Structural changes in the insula may therefore
contribute to the empathy deficits observed in children
and adolescents with conduct disorder (11, 37, 38). The
insula is also activated in tasks involving the processing of
negative cues and is implicated in the pathophysiology of
anxiety (39). This may explain why individuals with con-
duct disorder show reduced autonomic responses to pun-
ishing or aversive stimuli (40, 41) and fail to take potential
losses into account when making decisions (12). Although
we did not replicate the finding of reduced left orbitofron-
tal cortex volume in early-onset conduct disorder (10),
reduced left orbitofrontal cortex volume was observed in
adolescent-onset conduct disorder participants relative
to comparison subjects. We also observed reduced dorso-
medial prefrontal cortex volume in the adolescent-onset
subgroup and the combined conduct disorder group rela-
tive to comparison subjects. The dorsomedial prefrontal
cortex is implicated in mentalizing, episodic memory
retrieval, and executive control (42). Of interest, conduct
disorder participants showed reduced activation of the
dorsomedial prefrontal cortex during face processing in
our previous functional neuroimaging study (15). These
structural findings therefore provide preliminary evidence
for deficits in prefrontal cortex regions involved in mental-
izing and executive control in conduct disorder.

In relation to the second aim of the study, no negative or
positive correlations were observed between self-reported
psychopathic or callous-unemotional traits or parent-re-
ported callous-unemotional traits and gray matter volume
in the regions of interest. The lack of a negative correla-
tion between callous-unemotional traits and amygdala
volume may be considered surprising given earlier reports
of reduced amygdala responses to fearful faces in children
with conduct problems and callous-unemotional traits
(43, 44) but is consistent with the structural neuroimaging
literature, which has failed to demonstrate a negative re-
lationship between psychopathic or callous-unemotional
traits and amygdala volume using voxel-based morphom-
etry or manual tracing methods (18, 45-47). We were also
unable to replicate the findings of de Brito et al. (18), since
neither self-reported nor parent-reported callous-unemo-
tional traits were positively correlated with medial orbito-
frontal cortex or anterior cingulate volume. Interestingly,
we observed a positive correlation between self-reported
callous-unemotional traits and caudate nucleus and ven-
tral striatal volumes, which is consistent with a recent
study that reported increased striatal volume in adults
with psychopathy (48). Increased volume in structures
involved in reward processing may also underlie fMRI re-
sults showing enhanced ventral striatal activity during an-
ticipation of monetary rewards in healthy volunteers who
score high in psychopathic traits (49).
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Limitations

First, measuring age of conduct disorder onset using ret-
rospective reports was not optimal. To counter this prob-
lem, we obtained extremely detailed data from standardized
diagnostic interviews with parents as well as participants,
and we used a number of strategies to enhance accurate
recall, such as asking informants to consider important
life landmarks when recalling the onset of symptoms. Fu-
ture studies investigating similar issues may wish to utilize
participants from birth cohort or longitudinal studies for
whom externalizing data from childhood and adolescence
are available. Second, in common with the vast majority of
neuroimaging studies of psychiatric disorders, our findings
are cross-sectional, meaning we cannot infer that the struc-
tural abnormalities observed in individuals with early- or
adolescent-onset conduct disorder have played a causal
role in the etiology of their antisocial or violent behavior.
While we note that our results are broadly consistent with
developmental theories that link amygdala dysfunction
with antisocial behavior via impairments in reinforcement
learning (4) and sensitivity to distress cues (50), prospec-
tive studies are needed to assess whether amygdala deficits
are a cause or a consequence of conduct disorder. Finally,
since all participants were male adolescents, our findings
may not generalize to female adolescents.

Conclusions

This is the largest structural neuroimaging study to date
to investigate the neural basis of conduct disorder and the
first to investigate the developmental taxonomic theory
of antisocial behavior. We observed amygdala gray mat-
ter volume reductions in both early- and adolescent-onset
conduct disorder that could not be accounted for by co-
morbid ADHD symptoms, self-reported psychopathic or
callous-unemotional traits, age, socioeconomic status, 1Q,
or substance abuse. Furthermore, there were no signifi-
cant volumetric differences between the conduct disorder
subgroups in the regions of interest. Our results therefore
support the proposal that both forms of conduct disorder
may stem from dysfunction in neural circuits involved in
emotion processing, contrary to the developmental taxo-
nomic theory. We also observed a negative correlation be-
tween insula volume and lifetime/ever conduct disorder
symptoms when considering the conduct disorder partic-
ipants alone, indicating that increased severity of the dis-
order is associated with greater structural abnormalities in
brain regions involved in processing socioemotional stim-
uli and providing support for dimensional approaches to
understanding disruptive behavior disorders.
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