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Objective: Among children, attention
deficit hyperactivity disorder (ADHD) and
conduct disorder are often comorbid and
overlap clinically. Neuropsychological evi-
dence suggests that children with conduct
disorder demonstrate more prominent
motivational problems and children with
ADHD demonstrate more prominent at-
tention deficits relative to healthy com-
parison subjects. The purpose of the
present study was to investigate disorder-
specific abnormalities in the neurobiolog-
ical correlates of motivation and sus-
tained attention in children and adoles-
cents with pure conduct disorder and
children and adolescents with pure
ADHD.

Method: Participants were male pediat-
ric patients, ages 9-16 years, with nonco-
morbid conduct disorder (N=14) and non-
comorbid ADHD, combined hyperactive-
inattentive subtype (N=18), as well as age-
and 1Q-matched healthy comparison sub-
jects (N=16). Both patient groups were
medication naive. Event-related func-
tional magnetic resonance imaging (fMRI)
was used to compare brain activation
during a rewarded continuous perfor-
mance task that measured sustained at-
tention as well as the effects of reward on
performance.

Results: During the sustained attention
condition, patients with noncomorbid
ADHD showed significantly reduced acti-
vation in the bilateral ventrolateral pre-

frontal cortex and increased activation in
the cerebellum relative to patients with
noncomorbid conduct disorder and
healthy comparison subjects. Patients
with noncomorbid conduct disorder
showed decreased activation in paralim-
bic regions of the insula, hippocampus,
and anterior cingulate as well as the cere-
bellum relative to patients with nonco-
morbid ADHD and healthy comparison
subjects. However, during the reward con-
dition, patients with noncomorbid con-
duct disorder showed disorder-specific un-
deractivation in the right orbitofrontal
cortex, while patients with noncomorbid
ADHD showed disorder-specific dysfunc-
tion in the posterior cingulate gyrus.

Conclusions: The findings revealed a
process-related dissociation of prefrontal
dysfunction in ADHD and conduct disor-
der patients. Attention-related dysfunc-
tion in the ventrolateral prefrontal cortex
was seen in ADHD patients, and reward-
related dysfunction in the orbitofrontal
cortex was seen in conduct disorder pa-
tients. These findings, together with the
pattern of paralimbic dysfunction dem-
onstrated among children with conduct
disorder during sustained attention, sup-
port theories of abnormalities in orbito-
frontal-paralimbic motivation networks in
individuals with conduct disorder and, in
contrast, ventrolateral fronto-cerebellar
attention network dysfunction in individ-
uals with ADHD.

(Am J Psychiatry 2009; 166:83-94)

Conduct disorder is described as a disorder of persis-
tent antisocial behavior and aggression. Among individu-
als with conduct disorder, there is high comorbidity with
attention deficit hyperactivity disorder (ADHD). In addi-
tion, the notion of a separate neurobiological basis for
conduct disorder has been questioned (1).

One of the most consistent findings from studies of
ADHD is that of deficits in sustained attention as mea-

sured on the Continuous Performance Test (2, 3). Neu-
roimaging studies of ADHD patients have associated ab-
normalities in fronto-striato-parietal neural networks
with poor cognitive and attentional control (4-6). How-
ever, to our knowledge, no functional magnetic resonance
imaging (fMRI) study has directly examined sustained at-
tention during a task on the Continuous Performance
Test. Earlier positron emission tomography (PET) studies
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TABLE 1. Multiple Univariate ANOVA Group Comparisons for Age, 1Q, and Behavioral Measures for Male Children and Ad-
olescents With ADHD or Conduct Disorder and Healthy Comparison Subjects

Group Analysis
1: Healthy 3: Conduct
Comparison 2: ADHD Patients  Disorder Patients

Psychometric Subjects (N=16) (N=18) (N=14) Post Hoc Between-
Measurement Mean SD Mean SD Mean SD F df p Group Comparison?
Age (years) 13.10 3 133 1 12.8 2 2 2,45
1Q score 103 13 96 12 100 13 2 2,45
Strength and Difficulties

Questionnaire score

Hyperactivity 3 1 9 1 7 2 56 2,45 <0.001 1<2%*; 1<3%; 2>3%

Conduct 1 1 3 3 8 2 43 2,45 <0.001 1<2%; 1<3*%;

2<3~k*
Emotion 2 1 3 2 2 2 2

a Post hoc Tukey test was used to compare between-group differences.

#p<0.01. *¥p<0.001.

FIGURE 1. Schematic Display of the Rewarded Continuous
Performance Test?
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a Subjects respond to each target letter (“X” and “0”), ignoring other
letters, and get rewarded for each response to one of the two target
letters (red or blue bar). One correct score is equivalent to £1.

found abnormal glucose metabolism in frontal, striatal,
and temporal brain regions during auditory continuous
performance tasks, particularly among female adoles-
cents with ADHD (7-9).

Evidence for sustained attention deficits among individ-
uals with conduct disorder and oppositional defiant disor-
der is controversial and has been associated with cases of
comorbidity with ADHD (10, 11). However, conduct disor-
der but not ADHD has consistently been associated with
reduced sensitivity to changes in reward contingencies,
specifically to punishment (12, 13). Consequently, atten-
tion problems among individuals with conduct disorder
have been postulated as secondary to motivational deficits
(12). Thus, neural substrates of motivation are good candi-
dates for a distinct neurobiological basis for conduct disor-
der. In studies of adult antisocial behavior, neurobiological
evidence has suggested that there are abnormalities in the
paralimbic system, comprising orbitofrontal, superior
temporal, cingulate, and limbic brain regions, which medi-
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ate the control of emotion and motivation (14). However,
there are no fMRI studies that have examined the theory of
abnormal motivation networks in children with conduct
disorder. To our knowledge, only three published fMRI
studies of conduct disorder in children and adolescents are
present in the literature. Two of these studies examined
several comorbid cases and reported 1) abnormal anterior
cingulate activation during the presentation of images
with negative valence (15) and 2) reduced function of the
amygdala and its interconnectivity to the orbitofrontal cor-
tex during fearful face processing (16). The other study,
which we conducted, reported reduced activation in the
posterior cingulate and temporo-parietal regions in pa-
tients with noncomorbid conduct disorder during error
processing (17).

Among individuals with ADHD, neuropsychological ev-
idence for motivational deficits is inconsistent (18). Few
imaging studies have investigated reward functions. One
study reported reduced activation in the insula in relation
to a gambling task (19). Another study found reduced acti-
vation in the nucleus accumbens during reward anticipa-
tion (20).

Direct functional imaging comparisons between a pure
ADHD patient group and a pure conduct disorder patient
group found abnormalities in evoked potentials across
frontal and parietal brain regions in both groups during a
Continuous Performance Test, but no between-group dif-
ferences were reported (21, 22). In our previous fMRI study;,
we found disorder-specific inferior prefrontal dysfunction
among children with pure ADHD and disorder-specific ab-
normalities in parieto-temporal activation among children
with pure conduct disorder during motor inhibition (17).

The objective of the present study was to utilize fMRI to
compare brain activation in a group of carefully selected
male pediatric patients who met criteria for noncomorbid
conduct disorder with brain activation in a group of male
pediatric patients who had noncomorbid ADHD, com-
bined hyperactive-inattentive subtype, and a male pediat-
ric healthy comparison group. The three groups were
assessed during a rewarded variant of the continuous per-
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TABLE 2. Performance Variables of the Rewarded Continuous Performance Test for Male Children and Adolescents With
ADHD or Conduct Disorder and Healthy Comparison Subjects

Group Analysis
1: Healthy 2: ADHD 3: Conduct
Comparison Patients Disorder Patients
Subjects (N=16) (N=18) (N=14) Between-Group
Condition and Measure Mean SD Mean SD Mean SD F df p Comparison
Sustained attention
Commission errors 1 1 3 4 3 3 4 2,43
Omission errors 1 1 2 2 2 2 3.3 2,43 0.1 1>2
Mean reaction time to target trials 442 36 438 45 425 45 0.6 2,43
(msec)
Standard deviation of mean reac- 93 27 109 42 111 40 2.6 2,43
tion time to target trials (msec)
Reward effect?
Nonrewarded minus rewarded 0.4 1 0.2 1 0.2 1 0.2 43
omission errors
Nonrewarded minus rewarded 28 49 -0.5 44 8.4 40 1.7 43
mean reaction time (msec)
Nonrewarded minus rewarded
standard deviation of mean 40 55 6 48 20 47 1.9 43

reaction time (msec)

a Reward effect is represented as the difference between rewarded minus nonrewarded trials and was tested using univariate ANCOVAs with
reward as the within-subject factor and group as the between-subject factor. There was a significant effect of reward alone across all groups
on omission errors (F=5, df=1, 47, p<0.03) and standard deviation to mean reaction time (F=8, df=1, 47, p<0.005), both of which were lower

during the rewarded condition.

formance task that measured 1) sustained attention and 2)
the effects of reward. Based on relatively sparse evidence
from imaging studies of ADHD during sustained attention
(7-9, 21) and reward function (19, 20), we hypothesized
that relative to healthy comparison subjects, children with
noncomorbid ADHD would show 1) reduced brain activa-
tion in lateral prefrontal and parieto-temporal regions
during sustained attention and 2) abnormal activation in
reward-related regions. Based on relatively scarce neuro-
functional literature on conduct disorder (15-17, 21, 22),
we hypothesized that children with noncomorbid conduct
disorder would be characterized by reduced brain activa-
tion in motivation mediating paralimbic areas during sus-
tained attention as well as in response to reward.

Method

Subjects

Patients were 32 right-handed male children and adolescents,
ages 9-16 years, who had a clinical diagnosis of either 1) conduct
disorder without clinical ADHD (N=14) or 2) ADHD, combined
hyperactive-inattentive subtype, without conduct disorder (N=
18). Diagnoses were established using the standardized Maudsley
Diagnostic Structural Interview (23). Recruitment was conducted
via parent support groups, clinics, and advertisements. Exclusion
criteria were comorbidity with other psychiatric disorders; a
learning disability, reading disorder, or neurological abnormality;
epilepsy; substance abuse; and previous exposure to stimulant
medication. All ADHD patients achieved a score above threshold
on the hyperactivity subscale of the Strength and Difficulties
Questionnaire (24). All patients with conduct disorder also
achieved a score above threshold on the conduct disorder sub-
scale of this same questionnaire. ADHD patients were medica-
tion-naive by personal choice or were scanned prior to initial
medication treatment. All patients with conduct disorder were
medication naive, had early onset conduct disorder (<10 years of
age), and met criteria for oppositional defiant disorder.
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Healthy comparison subjects were 16 right-handed age- and
1Q-matched male children and adolescents. In order to minimize
differences in socioeconomic status, healthy subjects were re-
cruited from the same local geographic area as ADHD and con-
duct disorder patients. Healthy subjects had no history of ADHD,
conduct disorder, other mental or neurological disorder, neuro-
tropic drug treatment, or substance abuse, and they scored below
threshold on the Strength and Difficulties Questionnaire.

All participants scored above the fifth percentile (i.e., >75) on
the Raven’s Standard Progressive Matrices Intelligence Question-
naire (25) (Table 1). Written informed consent/assent from par-
ents was given, and the study was approved by the local ethics
committee.

One-way analysis of variance (ANOVA) showed no group differ-
ences in age and IQ. Post hoc t tests revealed that ADHD patients
scored significantly higher than conduct disorder patients and
healthy comparison subjects on the hyperactivity subscale of the
Strength and Difficulties Questionnaire and conduct disorder pa-
tients scored significantly higher on the conduct disorder subscale
of the questionnaire relative to ADHD patients and healthy com-
parison subjects (Table 1). The three groups did not differ signifi-
cantly on the emotion symptom subscale of the questionnaire.

fMRI Paradigm: Rewarded Continuous Performance
Test

A rapid mixed-trial event-related fMRI design, along with jit-
tered and randomized presentation, was used to optimize statis-
tical efficiency. Patients and healthy subjects practiced the task
one time prior to scanning.

The computerized fMRI adaptation of the rewarded Continu-
ous Performance Test consists of a stream of 416 stimuli (letters),
with a presentation time of 300 msec each (mean intertrial inter-
vals: 900 msec) (3, 26). Forty-eight target stimuli, letters “X” and
“0,” are included. Subjects were required to respond with the
right-hand button box to target letters (“X” or “O”) only. For one
of the two target letters (counterbalanced across subjects), a cor-
rect response resulted in a monetary reward (£1 for every three
correct responses). The amount of money earned during the task
(£8 for 100% correct responses) was displayed on the right side of
the screen by one of two different rising colored score bars (red,
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FIGURE 2. Axial Slices for Group Activation Maps for Conduct Disorder (N=14) and ADHD (N=18) Patients and Healthy Com-

parison Subjects (N=16)?

A) Sustained Attention

+10 +15 +20 +25 +30

+35 +40 +45 +50

2 The images in the top box illustrate the contrast of sustained attention (unrewarded target trials minus nontarget trials [voxel level: p<0.05;
cluster level: p>0.01]). The images in the bottom box illustrate the contrast of effects of reward (rewarded minus nonrewarded target trials
[voxel level: p<0.05; cluster level: p<0.01]). The three groups are indicated as follows: healthy comparison subjects (red); ADHD patients
(green); conduct disorder patients (blue). Overlapping brain regions are indicated as follows: overlap between ADHD patients and healthy
comparison subjects (yellow); overlap between conduct disorder patients and healthy comparison subjects (magenta); overlap between
ADHD and conduct disorder patients (cyan); overlap between all groups (white). Talairach z coordinates are indicated for slice distance (mm)
from the intercommissural line. The right side of each brain image corresponds with the right side of the brain.

blue). For the nonrewarded target letter, the other score bar
would rise by one score for every three correct responses, but no
monetary reward was given (Figure 1).

In order to measure effects of sustained attention, fMRI was
used to contrast brain activation to nonrewarded target trials with
brain activation to nontarget trials. The number of nonrewarded
target trials was subtracted from the number of rewarded target
trials in order to measure the effect of reward.

Analysis of Performance Data

Although there were no significant differences in IQ or age,
ADHD patients had slightly lower IQ scores relative to conduct
disorder patients and healthy comparison subjects, and conduct
disorder patients were, on average, 1 year younger than ADHD
patients and healthy comparison subjects. Consequently, multi-
ple univariate analyses of covariance (ANCOVAs), with IQ and age
as covariates, were conducted to compare the following task per-
formances between the three groups: omission errors to targets,
commission errors (response to nontargets), mean reaction time
to target trials, and intrasubject response variability of reaction
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time to targets (standard deviation). The reward effect was tested
using univariate-repeated ANCOVAs, with reward as the within-
subject factor and group as the between-subject factor. The false
discovery rate was used to adjust p values for multiple testing.

fMRI Acquisition

Gradient-echo echo planar magnetic resonance imaging (MRI)
data were acquired via the GE Signa 1.5T Horizon LX System using
a semiautomated image quality control procedure. A quadrature
birdcage head coil was used for radio frequency transmission and
reception. In each of 16 noncontiguous planes parallel to the an-
terior-posterior commissural, 208 T2-weighted magnetic images,
which depicted blood-oxygen-level-dependent (BOLD) contrast
covering the whole brain, were acquired (TE=40 msec, time to re-
peat=1.8 sec, flip angle=90°, in-plane resolution=3.1 mm, slice
thickness=7 mm, slice skip=0.7 mm).

fMRI Analysis

Time series analysis for each subject was established according
to a previously published wavelet-based data resampling method
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TABLE 3. Group Activation During the Rewarded Continuous Performance Task for Male Children and Adolescents With

ADHD or Conduct Disorder and Healthy Comparison Subjects

Talairach Cluster?
Coordinates -
Brain Region of Activation (Brodmann’s area) x,y, 2 Voxels p
Sustained attention
Healthy comparison subjects
Right ventrolateral region, anterior cingulate, caudate, insula (Brodmann’s areas 47, 10, 32, 24)P 43,-15, 4 888 0.001
Right insula and caudate 43,-14,3 207 0.001
Right vermis of cerebellum 3, -50, -2 59 0.006
Right anterior cingulate gyrus (Brodmann’s area 24) 18, 4, 31 125 0.009
Right anterior cingulate gyrus (Brodmann'’s area 24) 18,-18, 37 246 0.001
Right anterior cingulate, ventrolateral prefrontal cortex (Brodmann’s areas 47, 32, 10) 10, 33, -7 251 0.001
Left sbuperior region, medial temporal gyrus, insula, posterior cingulate (Brodmann’s areas 22,39, -29, -48, 15 409 0.001
31)
Left superior temporal gyrus (Brodmann'’s area 21) -29,-48, 15 164 0.001
Left medial temporal lobe (Brodmann’s area 39) -36, 67, 26 37 0.001
Left medial temporal lobe (Brodmann’s area 39) —54, -33, -2 31 0.001
Left insula -18, 7, 26 67 0.001
Left posterior cingulate -21,-30, 42 110 0.001
ADHD patients
Right and left cerebellum, occipital region, middle region, inferior temporal region, posterior 18, 63, -7 1,249 0.002
cingulate (Brodmann’s areas 18, 19, 21, 37, 29)b
Right cerebellum, fusiform region, middle temporal gyrus (Brodmann’s area 21) 40, -52,-13 220 0.001
Left cerebellum, occipital region, middle temporal gyrus (Brodmann’s areas 18, 21) -7,-81,-13 100 0.003
Right cerebellum, occipital region, middle temporal gyrus (Brodmann'’s areas 1, 21) 18, -63, -7 139 0.001
Left inferior temporal gyrus (Brodmann’s areas 37, 19) -29,-67,-2 301 0.001
Left occipital region, middle temporal gyrus (Brodmann’s areas 19, 21) -7,-55, 4 98 0.001
Left superior region, middle temporal gyrus (Brodmann’s areas 21, 22) -43,-41,9 189 0.001
Right precuneus, posterior cingulate (Brodmann’s areas 7, 31) 18, -37, 53 36 0.001
Right posterior cingulate (Brodmann’s area 30) 18, -48, 15 56 0.002
Right posterior cingulate (Brodmann’s area 23) 18, -22, 31 112 0.001
Right ang left anterior cingulate, superior region, middle frontal gyrus (Brodmann’s areas 8, 10, 14, 33, 26 286 0.002
32, 24)
Right superior frontal gyrus (Brodmann’s area 10) 22,44, 20 51 0.003
Right medial frontal gyrus (Brodmann’s area 8) 22,11, 42 105 0.001
Left anterior cingulate (Brodmann’s areas 24, 32) -11, 4, 37 130 0.001
Conduct disorder patients
Right caudate® 25,19,15 12 0.04
Right parietal lobe (Brodmann’s area 39)P 43, -63, 26 12 0.04
Effect of reward
Healthy comparison subjects
Rightand Iefg orbitofrontal region, anterior cingulate, mesial frontal region (Brodmann’s areas 47, —4,37,-2 393 0.001
32, 24, 10)
Left anterior cingulate (Brodmann’s areas 24, 32) —4,37,-2 131 0.0001
Right orbitofrontal region, inferior prefrontal gyrus (Brodmann’s areas 47, 11) 39, 44, -7 123 0.0001
Right mesial frontal gyrus (Brodmann’s area 10) 7,59,9 69 0.0001
Left medial region, inferior frontal gyrus (Brodmann’s areas 9, 44) —-40, 22, 31 70 0.001
Left premotor region, insula, posterior cingulate (Brodmann'’s areas 4, 6, 31)b -54,-4,15 119 0.0001
Left parietal region, caudate, posterior cingulate, precuneus (Brodmann’s areas 40, 31, 7)P —40, =59, 31 558 0.0001
Left supramarginal gyrus (Brodmann’s area 40) -40, -59, 31 150 0.0001
Left inferior parietal lobe (Brodmann’s area 40) -32,-33,42 57 0.0001
Left caudate 0, -26, 20 107 0.0001
Left precuneus, posterior cingulate (Brodmann’s area 31) -7,-70, 26 117 0.0001
Left caudate -25, 0, 20 45 0.0001
Right posterior cingulate (Brodmann'’s areas 30, 23) 3,-55, 20 82 0.0001
Right posterior cingulate (Brodmann’s area 31)P 32,-19,42 110 0.001
ADHD patients
Right inferior frontal cortex, insula, caudate (Brodmann’s areas 47, 45, 44, 9)b 29, 26, 37 304 0.0009
Right medial frontal gyrus (Brodmann’s area 9) 29, 26, 37 132 0.0001
Right anterior cingulate, insula, caudate 18, 30, 9 56 0.002
Right inferior frontal gyrus (Brodmann’s area 47) 36, 26, -2 116 0.0003
Left dorsal region, inferior prefrontal cortex (Brodmann’s area 46)b —40, 44,9 98 0.002
Left dorsolateral prefrontal cortex (Brodmann’s area 46) —40, 44,9 55 0.002
Left inferior frontal gyrus (Brodmann’s area 47) -40, 26, -2 43 0.003
Right superior temporal region, premotor region, striatal region (Brodmann’s areas 22, 6)° 58, 4,9 419 0.0009
Right superior temporal gyrus (Brodmann’s area 22) 58, 4,9 212 0.0001
Right putamen, caudate 14,4, 4 120 0.002
Right premotor cortex (Brodmann’s area 6) 40, -14,15 87 0.002
Left occipital region, inferior temporal gyrus (Brodmann’s areas 19, 37)° -43,-67,-7 105 0.0009
Left fgontal region, premotor region, parietal region, insula, thalamus (Brodmann’s areas 9, 6, 22,  -36, —26, 48 664 0.008
40)
Left inferior parietal lobe (Brodmann’s area 40) -36, —26, 48 108 0.0001
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Table 3. Group Activation During the Rewarded Continuous Performance Task for Male Children and Adolescents With
ADHD or Conduct Disorder and Healthy Comparison Subjects (continued)

Talairach Cluster?
Coordinates -
Brain Region of Activation (Brodmann’s area) x,y, 2 Voxels p
Left premotor region, insula, thalamus (Brodmann’s area 6) -28, 4,15 87 0.003
Left inferior parietal lobe (Brodmann’s area 40) -50, —41, 37 85 0.002
Left medial frontal gyrus (Brodmann'’s area 9) -39, 11, 37 102 0.001
Left inferior parietal lobe (Brodmann’s area 40) -29, -44, 53 34 0.0001
Left inferior parietal lobe (Brodmann’s area 40) -54,-22,31 166 0.001
Left premotor cortex (Brodmann’s area 6) -21,-11, 59 81 0.001
Conduct disorder patients
Left cerebellum vermis, brainstem® —4, —44, -2 46 0.003
Left precuneus (Brodmann’s area 7)° -4,-70, 37 23 0.006
Left cerebellum® -7,-85,-24 13 0.007

a Group activation maps were p<0.05 for voxel activation and p<0.01 for cluster activation, except for the conduct disorder group during the
sustained attention condition, for which p<0.05 was selected for the cluster activation. These p values were selected in order to yield less than

one false positive cluster per brain map.

b Regions of activation representing large clusters, which were broken into smaller subclusters indented underneath.

for assessing fMRI data (27, 28). Using rigid body and affine trans-
formation, individual maps were registered to Talairach standard
space (29). A group brain activation map was then produced for
each experimental condition, and hypothesis testing was con-
ducted at the cluster level. In essence, a voxel-wise test at p<0.05
was conducted to identify any voxels that might be activated by a
subsequent test at a cluster level threshold of p<0.01 to remove
false positive clusters produced by the voxel-level test. This com-
bination (voxel/cluster) of tests, coupled with permutation test-
ing, allows for excellent type I error control at the cluster level (27,
28). For each task, we expected less than one false positive acti-
vated cluster at a p value <0.05 at the voxel level and <0.01 at the
cluster level. For between-group comparisons, one-way
ANCOVAs, with group as a factor and age and IQ as covariates,
were conducted using a randomized test to assess voxel- or clus-
ter-wise differences (27, 28). For ANCOVAs, less than one false
positive activated cluster was expected at a p value <0.05 for both
voxel and cluster comparisons. In each significant cluster of the
ANCOVAs, statistical measures of BOLD response for each partic-
ipant were extracted, and post hoc least significance difference t
tests (corrected for multiple comparisons) were conducted to
identify between-group differences.

In large connected clusters, we identified local maxima that
were farther apart than the upper bound of the likely Talairach
mapping error (3 voxel radius:10 mm) (30). Voxels were then as-
signed to the nearest local maximum with a statistic value that ex-
ceeded that of the voxels.

Results

Task Performance

ANCOVAs showed no significant group effects, with the
exception of a tendency for omission errors, which were
higher in ADHD patients (Table 2). There was no signifi-
cant group-by-reward effect. However, there was a signifi-
cant effect of reward alone for all three groups on omission
errors (F=5, df=1, 47, p<0.03) and standard deviation to
mean reaction time (F=8, df=1, 47, p<0.005), both of which
were lower during the rewarded condition.

Brain Activation

Motion. ANOVA showed no significant between-group
differences for three-dimensional motion during task per-
formance.

88 ajp.psychiatryonline.org

Sustained attention: nonrewarded target trials com-
pared with nontarget trials. Group activations are de-
tailed for all three groups in Table 3 and Figure 2. ANCOVAs
showed significant group effects in 1) right and left ventro-
lateral prefrontal activation, comprising inferior and orbital
frontal gyri; 2) alarge cluster in the cerebellum, occipital gy-
rus, thalamus, hippocampus, and left middle temporal gy-
rus; 3) a cluster comprising the right insula and hippocam-
pus; and 4) the anterior cingulate gyrus (Table 4, Figure 3).
Post hoc comparisons (corrected) revealed that ADHD pa-
tients showed reduced brain activation in the left and right
ventrolateral prefrontal cortex relative to healthy compari-
son subjects (left ventrolateral prefrontal activation: p<0.02;
right ventrolateral prefrontal activation: p<0.004) and con-
duct disorder patients (left ventrolateral prefrontal activa-
tion: p<0.003; right ventrolateral prefrontal activation:
p<0.01). No difference was observed between conduct dis-
order patients and healthy comparison subjects. Post hoc
comparisons (corrected) also revealed that ADHD patients
showed increased activation in the cerebellar/temporal/
occipital cluster (ADHD patients >healthy comparison sub-
jects: p<0.02; ADHD patients >conduct disorder patients:
p<0.02), which was reduced in conduct disorder patients
relative to healthy comparison subjects (p<0.02 [Figure 3]).

Patients with conduct disorder showed reduced brain
activation in the cluster in the right insula and hippocam-
pus relative to healthy comparison subjects (p<0.0001)
and ADHD patients (p<0.03). No difference was found be-
tween ADHD patients and healthy comparison subjects.
Conduct disorder patients also showed reduced brain ac-
tivation in the anterior cingulate gyrus relative to healthy
comparison subjects (p<0.005) and ADHD patients
(p<0.001). ADHD patients did not differ from healthy
comparison subjects (Table 4, Figure 3).

To test the hypothesis that the magnitude of activation
in ventrolateral prefrontal clusters was related to better
sustained attention, scalar measures of BOLD response
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TABLE 4. ANCOVA Differences in Brain Activation in Male Children and Adolescents With ADHD or Conduct Disorder and

Healthy Comparison Subjects

Talairach Cluster?
Coordinates -
Brain Region of Activation (Brodmann’s area) Group Contrast x,v, 2 Voxels p
Sustained attention
Left ventrolateral prefrontal cortex (Brodmann’s areas 47, (Healthy comparison=Conduct —47, 44,13 151 0.02
45, 44, 10) disorder) >ADHD
Right ventrolateral prefrontal cortex (Brodmann’s areas 47, (Healthy comparison=Conduct 43,41,-13 95 0.04
45,11) disorder) >ADHD
Right insula, hippocampus, premotor cortex (Brodmann’s (Healthy comparison=ADHD) 36, -15,-13 205 0.02
area 6) >Conduct disorder
Right insula and premotor cortexP 26,-15,-13 164 0.002
Right hippocampus® 32,19, -7 39 0.005
Left postgenual anterior cingulate (Brodmann’s area 32) (Healthy comparison=ADHD) —4,19, 42 129 0.02
>Conduct disorder
Right and left cerebellum, occipital region, temporal re- ADHD >Healthy comparison 36, —48, -24 1,162 0.0007
gion, thalamus, hippocampus (Brodmann’s areas 19, 21, >Conduct disorder
31)
Right cerebellum (lateral hemisphere)? 36, —48, -24 122 0.0001
Right cerebellum (lateral hemisphere)P 32, -66, —24 114 0.0001
Left cerebellum, inferior temporal region, hippocampus -18, -62, -23 265 0.002
(Brodmann’s area 21)°
Right cerebellumP 18, -74, 13 140 0.0001
Left middle temporal region, hippocampus, thalamus —43, 44, 12 184 0.0003
(Brodmann’s area 21)
Left occipital region (Brodmann’s area 18)b -11, -60, 4 108 0.0008
Left posterior cingulate (Brodmann’s area 31) P -14,-74,9 157 0.0003
Left precuneus (Brodmann’s area 7)b -18, -44, 53 71 0.004
Effect of reward
Right lateral and medial orbitofrontal gyrus (Brodmann’s (Healthy comparison=ADHD) 32,37,-2 64 0.05
area 47) >Conduct disorder
Left precuneus and posterior cingulate gyrus (Brodmann’s (Healthy comparison=Conduct —4,-52,15 211 0.009

area 29)

disorder) >ADHD

3 ANCOVAs at p<0.05 for voxel and cluster activation.
b Smaller subclusters from large clusters.

were extracted for each participant in these clusters, and
Pearson correlations (two-tailed) were calculated between
these clusters and omission errors across all subjects.
Omission errors were negatively correlated with left (r=
-0.3, p<0.03) and right ventrolateral prefrontal activation
(r=-0.3, p<0.02 [Figure 4]).

Effects of reward (rewarded versus nonrewarded
target trials). Group activations are detailed in Table 3
and Figure 3. Three-way ANCOVAs revealed significant
group effects in a cluster comprising the right lateral and
ventromedial orbitofrontal gyri and a cluster comprising
the precuneus and posterior cingulate gyrus (Table 4, Fig-
ure 5). Post hoc comparisons showed that ADHD patients
had significantly reduced brain activation in the cluster in
the right precuneus and posterior cingulate gyrus relative
to healthy comparison subjects (p<0.001) and conduct
disorder patients (p<0.002). Healthy comparison subjects
and conduct disorder patients did not differ. Conduct dis-
order patients showed reduced brain activation in the
right orbitofrontal cortex relative to healthy comparison
subjects (p<0.001) and ADHD patients (p<0.004). Healthy
comparison subjects and ADHD patients did not differ
(Figure 5).

To test the hypothesis that activation in the orbitofron-
tal cortex was associated with a greater reward effect on
performance measures, we correlated across all subjects
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the magnitude of BOLD response in this cluster with the
reward effect on performance measures. There was a ten-
dency for a positive correlation between the magnitude of
reward effect on mean reaction time and orbitofrontal ac-
tivation (r=0.2, p<0.09).

Discussion

Patients with noncomorbid conduct disorder and non-
comorbid ADHD showed disorder-specific brain abnor-
malities during the two task conditions. During sustained
attention, conduct disorder patients demonstrated disor-
der-specific dysfunction in paralimbic regions of the in-
sula and hippocampus and the postgenual anterior cingu-
late gyrus. However, ADHD patients demonstrated
disorder-specific underactivation in the right and left ven-
trolateral prefrontal cortex but increased activation in a
cluster comprising the cerebellum, thalamus, and hippo-
campus. During the reward condition, conduct disorder
patients showed disorder-specific dysfunction in the right
orbitofrontal cortex, while ADHD patients showed disor-
der-specific reduced brain activation in the posterior cin-
gulate and precuneus.

The underactivation in conduct disorder patients dur-
ing sustained attention was in regions of the paralimbic
system that lie at the interface between emotion and cog-
nition. The postgenual anterior cingulate is connected to
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FIGURE 3. Axial Sections of ANCOVA Between-Group Difference Effects in Brain Activation of Conduct Disorder (N=14) and
ADHD (N=18) Patients and Healthy Comparison Subjects (N=16)2

A) ANCOVA group effect: sustained attention (nonrewarded target minus nontarget trials).
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B) Standardized BOLD response in ANCOVA group difference clusters.
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2 The images in the top box illustrate the contrast of sustained attention (nonrewarded target minus nontarget trials [voxel and cluster levels:
p<0.05]). Talairach z coordinates are indicated for slice distance (mm) from the intercommissural line. The bottom graph illustrates the stan-
dardized BOLD response in the brain regions of ANCOVA group effects for the three groups. The activation clusters in the left and right vent-
rolateral prefrontal cortex were reduced in ADHD patients relative to conduct disorder patients and healthy comparison subjects. The activa-
tion clusters in the cerebellum and occipital lobe were increased in ADHD patients relative to conduct disorder patients and healthy
comparison subjects. The activation clusters in the anterior cingulate gyrus were decreased in conduct disorder patients relative to ADHD pa-
tients and healthy comparison subjects, and the clusters in the hippocampus and insula were reduced in conduct disorder patients relative
to healthy comparison subjects and “trend-wise” relative to ADHD patients.

frontal-parietal attentional networks but is crucial for mo-
tivation and arousal (31, 32). A more anterior part of the
insula has been shown to contribute to sustained atten-
tion (33), and the hippocampus plays a role in selective vi-
sual attention to targets (34). These findings suggest that
conduct disorder is characterized by reduced brain activa-
tion in paralimbic regions that contribute to attention net-
works, presumably through their role in motivation.

The dorsal anterior cingulate gyrus has previously been
found to be dysfunctional in boys with conduct disorder
during the presentation of images with negative emo-
tional valence (15). Other limbic regions, such as the
amygdala and its connectivity to the orbitofrontal cortex,
have been found to be dysfunctional in callous-unemo-
tional children with conduct disorder and/or oppositional
90

ajp.psychiatryonline.org

defiant disorder relative to children with ADHD and com-
parison subjects during fearful face processing (16). Struc-
tural studies have found abnormalities in orbitofrontal
and temporal regions, including the amygdala and hip-
pocampus, in boys with conduct disorder (35, 36). The
findings of functional abnormalities in limbic structures
during attention are thus consistent with the hypothesis
that aggressive behavior is related to abnormalities in the
paralimbic system, which mediates the control of motiva-
tion that may effect attention functions (14).

The underactivation in ventrolateral prefrontal brain re-
gions during sustained attention in ADHD patients was
hypothesized. Lateral inferior and orbital prefrontal ab-
normalities have consistently been observed in boys with
ADHD during a range of cognitive functions, including in-
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FIGURE 4. Linear Correlations for Conduct Disorder (N=14) and ADHD (N=18) Patients and Healthy Comparison Subjects
(N=16) Between Statistical BOLD Response in the Left and Right Ventrolateral Prefrontal Activation and Omission Errors
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hibition (4, 5, 17) and attention tasks during fMRI (6), and
in adolescent girls during an auditory Continuous Perfor-
mance Test (7). Left and right ventrolateral prefrontal acti-
vation was correlated across all subjects with omission er-
rors, which were reduced at a tendency level in ADHD
patients, suggesting that the underactivation in these re-
gions may cause poor sustained attention capacity. The
finding of disorder specificity of ventrolateral prefrontal
underactivation is consistent with our previous findings of
disorder-specific underactivation of left ventrolateral pre-
frontal activation in the same ADHD patient group relative
to healthy comparison subjects and conduct disorder pa-
tients during a motor response inhibition task (17). To our
knowledge, this provides the first evidence that the consis-
tently reported ventrolateral prefrontal dysfunction in
ADHD patients during tasks of attention and inhibition
may be specific to the disorder, at least when compared
with conduct disorder.

The increased activation in posterior and subcortical re-
gions in ADHD patients could have been a compensation
for the poor frontal activation. The cerebellum, hippo-
campus, and thalamus are activated during the perfor-
mance of sustained attention tasks (9, 33, 37), and a pre-
frontal dysfunction in ADHD patients may have prompted
the recruitment of posterior regions of a fronto-striato-
thalamo-cerebellar attention network. The findings of cer-
ebellar abnormalities in ADHD patients during attention
are relatively novel in the context of functional imaging
but are consistent with robust evidence for volumetric ab-
normalities of this brain area in structural imaging studies
(38). A possible alternative interpretation could be that
ADHD patients showed lower activation in the cerebellum
during nontarget trials, and thus the activation difference
between target and nontarget trials in this region was en-
hanced in these patients. Interestingly, this cluster was re-
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duced in patients with conduct disorder relative to healthy
comparison subjects, suggesting that this region may be
another area of neurofunctional differentiation between
ADHD and conduct disorder.

The findings of underfunctioning of paralimbic contri-
butions to attentional networks in conduct disorder pa-
tients and of lateral fronto-cerebellar network abnormali-
ties in ADHD patients support the theory, based on
neuropsychological studies, that motivational abnormali-
ties mediated by the paralimbic system may be underlying
conduct disorder, while attentional cognitive abnormali-
ties mediated by fronto-striato-cerebellar networks may
be underlying ADHD (4, 5, 14, 17). This is further sup-
ported by the findings in the present study of a process-
dependent dissociation of prefrontal dysfunction in both
patient groups, which was in a bilateral ventrolateral pre-
frontal location during sustained attention in ADHD pa-
tients and a more medial right hemispheric orbitofrontal
location in conduct disorder patients.

Although the ventrolateral prefrontal cortex has been
reported to be involved in sustained attention (33, 37),
more medial regions of the orbitofrontal cortex are known
to play a role in motivation and monetary reward (39, 40).
The orbitofrontal cortex is also known to modulate para-
limbic regions that mediate aggression (14). The orbito-
frontal cortex, together with temporal and limbic areas,
was reduced in gray matter in boys with conduct disorder
(35). It has been hypothesized that abnormalities in re-
ward computations that are mediated by the orbitofrontal
cortex, leading to enhanced frustration, could trigger reac-
tive aggression, which would explain the link between ag-
gression, abnormalities in reward-related brain regions,
and orbitofrontal abnormalities (14). Our findings are
consistent with this theory and, to our knowledge, provide
the first functional evidence that aggressive and antisocial
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FIGURE 5. ANCOVA Group Differences for the Effects of Reward in Brain Activation of Conduct Disorder (N=14) and ADHD

(N=18) Patients and Healthy Comparison Subjects (N=16)2

A) ANCOVA group effect: reward (rewarded minus nonrewarded target trials).
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B) Standardized BOLD response in ANCOVA group difference clusters for the three contrast conditions.
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3 The images in the top box illustrate significant ANCOVA group differences for the effects of reward (rewarded target minus nonrewarded tar-
get trials). Talairach z coordinates are indicated for slice distance (mm) from the intercommissural line. The two graphs at the bottom illus-
trate the standardized BOLD response in the areas of ANCOVA group effects for the three contrasts of the task for the three groups. The acti-
vation cluster in the right orbitofrontal cortex was decreased in conduct disorder patients relative to ADHD patients and healthy comparison
subjects. The activation cluster in the posterior cingulate was decreased in ADHD patients relative to conduct disorder patients and healthy

comparison subjects.

behaviors are related to a dysfunction of the orbitofrontal
cortex and paralimbic areas during reward and attention.

The findings of underactivation in reward-related or-
bitofrontal regions in patients with conduct disorder only
support the hypothesis of a disorder-specific hyposensi-
tivity to reward in conduct disorder. This is consistent with
findings of reduced autonomic responses in children with
conduct disorder relative to children with ADHD and
healthy comparison subjects during emotional stimuli
(41). Our findings do not support the theory of a hypersen-
sitivity to reward in ADHD patients. To the contrary, our
findings show reduced recruitment of the posterior cingu-
late and precuneus that are important for visual-spatial
attention allocation to visually or motivationally salient

92 ajp.psychiatryonline.org

events, such as reward (42). This is consistent with evi-
dence of a dopamine deficiency in ADHD patients (43, 44),
which is associated with a blunted attentional response to
saliency (45). We previously found reduced posterior cin-
gulate and precuneus activation in boys with ADHD dur-
ing motor timing (4), error detection (5, 17), and attention
allocation (46), which correlated with scores of hyperac-
tivity on the Strength and Difficulties Questionnaire (5).
The posterior cingulate therefore appears to be an impor-
tant—but thus far neglected—brain region of dysfunction
in ADHD patients that could be the neural substrate for
the reduced capacity in these patients for attention alloca-
tion to relevant targets.
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In the present study, the three groups did not differ in
performance, although there was a tendency for more
omission errors among ADHD patients relative to healthy
comparison subjects. This finding is not consistent with
the majority of studies that reported deficits in children
with ADHD during the continuous performance task (2,
3), although it is consistent with findings from several
studies on conduct disorder (11). ADHD adolescents are
usually less impaired than ADHD children, and our fMRI
adaptation of the Continuous Performance Test using
single targets—designed to reduce working memory
demands and confounds of performance differences
between groups—was deliberately easier than more com-
monly used double-target versions (i.e., Continuous Per-
formance Test [A-X]).

One common problem with fMRI adaptations of contin-
uous performance tasks is that motor responses to targets
are not controlled, since a motor response to nontargets
would introduce unwanted attentional demands. Thus,
some activation differences could have been potentially
motor- rather than purely attention-related. However, the
main ANCOVA findings were not in motor regions. Inferior
prefrontal activation, which was reduced in ADHD pa-
tients, is known to mediate sustaining attention during
motor-controlled vigilance and parametric-sustained at-
tention tasks (33, 37), and this activation correlated with
omission errors, which were the main attention measure
of the task. Likewise, the paralimbic areas that were re-
duced in conduct disorder patients were not located in
motor regions.

The careful selection of patients who differed from each
other in conduct and ADHD problems is a strength of the
present study. However, this selection limits generalizabil-
ity to more commonly occurring comorbid cases. Future
research should clarify the extent to which comorbidity re-
sults from the blending of conduct disorder and ADHD.

The findings of the present study suggest that conduct
disorder and ADHD, two clinically overlapping disruptive
disorders, may be based on different etiopathophysiologi-
cal substrates implicating orbitofrontal-limbic motiva-
tional networks in patients with conduct disorder and
fronto-cerebellar attention networks in patients with
ADHD. Our results can be considered a first step toward
the delineation of the specific biomarkers of the two diag-
nostic disorders, which will ultimately contribute to the
development of more objective phenomenological differ-
entiation and disorder-specific tailored treatment.
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