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Abstract
Objective—To understand disorder-unique and common pathophysiology, studies in multiple
patient groups with overlapping symptoms are needed. Deficits in emotion processing and
hyperarousal symptoms are prominent features of bipolar disorder, attention deficit hyperactivity
disorder (ADHD), and severe mood dysregulation. The authors compared amygdala response
during emotional and nonemotional ratings of neutral faces in youths with these disorders as well
as a group of healthy comparison youths.

Method—Blood-oxygen-level-dependent (BOLD) signal in the amygdala was examined in
children with bipolar disorder (N=43), ADHD (N=18), and severe mood dysregulation (N=29) and
healthy comparison subjects (N=37). During functional magnetic resonance imaging (fMRI),
participants attended to emotional and nonemotional aspects of neutral faces.

Results—While rating subjective fear of neutral faces, youths with ADHD demonstrated left
amygdala hyperactivity relative to the other three groups, whereas youths with severe mood
dysregulation demonstrated hypoactivity.

Conclusions—These findings support the role of unique neural correlates in face-emotion
processing among youths with bipolar disorder, ADHD, and severe mood dysregulation.

Pathophysiological studies in psychiatry typically compare one small, clinically
homogeneous patient sample with healthy peers. However, comparisons of patient groups
with overlapping symptoms allow investigators to map unique and common perturbations.
In the present study, we compared amygdala activation during face-emotion processing in
youths with attention deficit hyperactivity disorder (ADHD), bipolar disorder, and severe
nonepisodic irritability (operationalized using Leibenluft et al.'s criteria for severe mood
dysregulation [1]) as well as in healthy comparison subjects.

Several studies have examined the neural circuitry mediating face-emotion processing in
bipolar disorder (2–6) and childhood psychopathology (7–13). For both pediatric and adult
bipolar disorder, amygdala dysfunction is perhaps the most commonly reported finding in

Address correspondence and reprint requests to Dr. Brotman, 15K North Dr., Rm. 208, Bethesda, MD 20892;
brotmanm@mail.nih.gov.
The authors report no financial relationships with commercial interests.

NIH Public Access
Author Manuscript
Am J Psychiatry. Author manuscript; available in PMC 2011 April 13.

Published in final edited form as:
Am J Psychiatry. 2010 January ; 167(1): 61–69. doi:10.1176/appi.ajp.2009.09010043.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



functional magnetic resonance imaging (fMRI) studies of the illness, with amygdala
hyperactivity being reported in a variety of paradigms involving face emotions (2,3,6,14).
Of particular note, Pavuluri et al. (10,12) found increased amygdala activation during face-
emotion processing in pediatric bipolar disorder. In the present study, we focused on neutral
faces because we previously found that 1) children with bipolar disorder rate neutral faces as
more hostile and fear producing than comparison subjects, and 2) these differences are
associated with amygdala hyperactivity (11). When viewing neutral faces that transform
gradually into an emotional expression, patients with bipolar disorder and severe mood
dysregulation require more intense emotional information than comparison subjects in order
to identify the expression (15). Although patients with bipolar disorder or severe mood
dysregulation both have impairments in face-emotion labeling, they differ in clinical
presentation (16), outcome (17–20), family history (21), and psychophysiological correlates
of frustration (22). Therefore, one important question is the extent to which neural circuitry
mediating face-emotion processing of neutral faces differs between bipolar disorder and
severe mood dysregulation.

To our knowledge, no previous fMRI study has included youths with severe mood
dysregulation, despite considerable interest in whether these youths have a developmental
presentation of bipolar disorder (1,23). Epidemiological studies (17–20) suggest that severe
mood dysregulation may be a risk factor for major depressive disorder. Identifying
similarities and differences between severe mood dysregulation and other psychopathology
is essential, and determining the neural circuitry engaged in processing neutral faces may
assist in the differential diagnosis of disorders with overlapping clinical features.

Given the high rates of ADHD in children with bipolar disorder and severe mood
dysregulation (16), nonirritable children with ADHD are an important comparison group.
Emotion regulation and face-emotion labeling deficits emerge in some (24–28) but not all
(29) studies of ADHD. Studies in pediatric disruptive behavior disorders have found biased
threat appraisal, manifested by subjects rating neutral or ambiguous social situations as
affectively negative (30,31). Structural and functional imaging studies report amygdala
dysfunction in ADHD (32,33) (e.g., hyperactivity during reward processing in adults with
ADHD [34]).

Employing a face-emotion processing task, we compared amygdala perturbations among
children with bipolar disorder, ADHD, and severe mood dysregulation as well as healthy
comparison subjects. Specifically, subjects made emotional or nonemotional ratings of
neutral faces. The contrasts of interest compared neural activity during fear ratings with that
of nose-width ratings and neural activity during hostility ratings with that of nose-width
ratings (11). Based on previous work using these contrasts (11), we hypothesized that
relative to healthy comparison subjects, children with bipolar disorder would demonstrate
amygdala hyperactivity during emotional (fear or hostility) as opposed to nonemotional
(nose-width) ratings of neutral faces. Children with severe mood dysregulation also have
deficits in face-emotion labeling (29), including on a behavioral paradigm that involves
neutral faces (15). Data suggest that this form of mood dysregulation is a risk factor for
depressive disorders (17–20), and two studies suggest that youths with major depressive
disorder exhibit amygdala hypoactivation when viewing faces in some contexts (9,13).
Accordingly, we hypothesized that children with severe mood dysregulation would show
decreased amygdala activation while rating emotional or nonemotional aspects of neutral
faces. No prior studies, to our knowledge, have examined amygdala response to emotional
and nonemotional ratings of faces in ADHD patients, and behavioral results in face-emotion
labeling studies are inconsistent (24–29). Therefore, while we expected functional amygdala
perturbation in patients with ADHD, data to generate specific hypotheses are insufficient.
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Method
Subjects

Usable fMRI data were acquired from subjects with bipolar disorder (N=43), ADHD
(N=18), and severe mood dysregulation (N=29) as well as healthy comparison subjects
(N=37). Participants, ages 8 to 17 years, were enrolled in an Institutional Review Board-
approved study at the National Institute of Mental Health. Parents and youths gave written
informed consent/assent. Patients were recruited through advertisements to mental health
support groups and mental healthcare professionals. Healthy comparison subjects were
recruited by advertisement and had no lifetime psychiatric diagnoses and no first-degree
relatives with a mood disorder.

Subjects were assessed using the Schedule for Affective Disorders and Schizophrenia for
School-Age Children–Present and Lifetime Version (K-SADS-PL) (35). Interviewers were
master's- and doctoral-level clinicians, with excellent interrater reliability (κ>0.9 for all
diagnoses, including differentiating bipolar disorder from severe mood dysregulation).
Diagnoses were based on best-estimate procedures generated in a consensus conference led
by two psychiatrists. Youths with bipolar disorder met “narrow phenotype” criteria, with at
least one DSM-IV full-duration hypomanic/manic episode characterized by abnormally
elevated mood and at least three B mania symptoms (1). Youths with severe mood
dysregulation had nonepisodic irritability, overreactivity to negative emotional stimuli ≥3
times per week, and hyperarousal (i.e., at least three of the following symptoms: insomnia,
distractibility, psychomotor agitation, racing thoughts/flight of ideas, pressured speech,
intrusiveness). Symptoms began before age 12; were present for at least 1 year, with no
symptom-free periods exceeding 2 months; and caused severe impairment in at least one
setting (i.e., home, school, peer) and mild impairment in another. Euphoric mood or distinct
episodes lasting more than 1 day were exclusionary (1). Youths with ADHD met DSM-IV
criteria for ADHD but not for severe mood dysregulation or any mood disorder. In the
ADHD group, anxiety disorders were exclusionary, except for separation anxiety and social
phobia.

The Wechsler Abbreviated Scale of Intelligence was administered to determine IQ. To
evaluate mood in patients with bipolar disorder or severe mood dysregulation, clinicians
with interrater reliability (κ>0.9) administered the Children's Depression Rating Scale and
the Young Mania Rating Scale to the parent and child within 48 hours of scanning. Elevated
Young Mania Rating Scale scores in patients with severe mood dysregulation reflect
hyperarousal symptoms because, by definition (1), patients with this type of mood
dysregulation cannot meet criteria for hypomania, mania, or a mixed episode.

Exclusion criteria for all subjects were an IQ <70, a history of head trauma, a neurological
disorder, a pervasive developmental disorder, an unstable medical illness, or substance
abuse/dependence. Patients with ADHD taking short-acting stimulants were included but
were medication-free for ≥48 hours before scanning. Thus, both healthy comparison
subjects and ADHD patients were medication-free at testing. Patients receiving medication
for bipolar disorder or severe mood dysregulation were included. For ethical reasons, only
those patients who were not responding to current psychotropic medication were withdrawn
from treatment.

One hundred eighty-six subjects were scanned, yielding 127 (68.3%) usable scans. Groups
differed in the proportion of excluded scans (p=0.02) but not in reasons for exclusion.
Relative to patients with bipolar disorder, more severe mood dysregulation patients (p<0.01)
and healthy comparison subjects (p=0.02) had unusable scans. Of the 59 excluded scans, 25
were excluded for poor behavioral data (no response ≥7 times), 22 for a >3.5-mm movement
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in any plane, and 12 for technical malfunction. Data from 20 bipolar disorder patients and 12
healthy comparison subjects have been published previously (11). Thus, among the 127
participants studied, data from 95 have not been presented previously.

Behavioral Paradigm
Subjects viewed 32 gray-scale adult faces (eight happy, eight angry, eight fearful, eight
neutral [36]), drawn from three stimulus sets (37–39), as described by Rich et al. (11). The
experiment consisted of the following four blocks: 1) passive viewing; 2) rating the
perceived threat (“How hostile is this face?”); 3) rating subjective fear (“How afraid are you
of this face?”); and 4) rating nose width (“How wide is the nose?”). Blocks were randomly
ordered across subjects. Prior to each condition, an instruction screen was presented for
3,000 msec. Each randomly ordered stimulus event (eight faces, two fixation trials) was
displayed for 4,000 msec. Using a five-key button box (MRI Devices, Waukesha, Wisc.),
ratings (1 [not at all] to 5 [very]) were recorded while subjects viewed the face.
Randomization controlled for the potential influence of facial features on activation. Each
individual was exposed to a randomly selected set of 32 faces drawn from the three stimulus
sets. This insured that potential confounds (e.g., facial feature, gender, or race of the
stimulus) were controlled across each group. Stimuli were presented during one 14.2-minute
160-trial run.

Scanning Acquisition and Preprocessing
Whole brain blood-oxygen-level-dependent (BOLD) T2-weighted fMRI data were acquired
on a General Electric Signa 3T scanner (Milwaukee) using Avotec Silent Vision Glasses
(Stuart, Fla.). Images were acquired using an echo planar single-shot gradient echo pulse
sequence (matrix size=64×64, repetition time=2,000 msec, echo time=40 msec, field of
view=240 mm, voxels=3.75×3.75×5 mm). Images were acquired in 23 contiguous slices
covering the entire brain, positioned parallel to the anterior commissure-posterior
commissure plane. A high-resolution T1-weighted anatomical image was acquired for
spatial normalization (180 1-mm sagittal slices; field of view=256 mm; number of
excitations=1; repetition time=11.4 msec; echo time=4.4 msec; matrix size=256×256; time
to inversion=300 msec; bandwidth=130 Hz/pixel). Given our focus on the amygdala and for
consistency with prior approaches (9), we relied on unsmoothed data.

fMRI Data
Amygdala boundaries were defined using standard anatomical criteria (40) on a single
Montreal Neurological Institute template and applied to all normalized brain images at the
group level. Using Statistical Parametric Mapping 1999 (SPM99) software (Wellcome Trust
Centre for Neuroimaging, University College of London), BOLD signal changes were
averaged across all voxels in each amygdala structure, providing a single average amygdala
value for each event type for every subject. Subjects' results were then entered into
multivariate group-level models implemented in SPSS.

During preprocessing, we corrected functional data for slice timing and motion, coregistered
functional and anatomical data, and spatially normalized the data to the Montreal
Neurological Institute T1-weighted template image in SPM99. Event-related response
amplitudes for each event type (e.g., rating fear or nose width of the neutral facial
expression) were estimated using the general linear model. The waveform in the general
linear model was a rectangular pulse (4-second duration) convolved with the hemodynamic
response function. Contrast images were created for each subject using pairwise
comparisons of the event-related BOLD response amplitudes across conditions. Each
contrast image was then divided by the subject-specific voxel time series mean, yielding the
percent of fMRI signal change (41).
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For all group-level analyses, a random effects model was employed to permit population-
level inferences (42). Using SPSS, analyses of covariance (ANCOVAs), with age as a
covariate and including all four groups (bipolar disorder, ADHD, severe mood
dysregulation, and healthy comparison), were performed in the left and right amygdala for
the two a priori contrasts of interest while subjects viewed neutral faces. We examined
subjects' neural activity 1) during ratings of fear relative to ratings of nose width and 2)
during ratings of hostility relative to ratings of nose width. We also examined nose-width
ratings relative to fixation trials. Given our a priori hypotheses and the use of a single mean
value for each subject's amygdala activation, a statistical threshold of p<0.05 was used for
both primary and post hoc analyses. In the left amygdala, the omnibus four-group ANCOVA
was significant for the fear versus nose-width contrast (p<0.05). A priori-planned two-way
contrasts were performed in order to understand the overall between-group differences
observed. In particular, these planned contrasts tested the hypotheses that bipolar disorder
patients would show amygdala hyperactivity when viewing neutral faces, while severe mood
dysregulation patients would exhibit amygdala hypoactivity when viewing neutral faces.
Exploratory post hoc analyses included adding reaction time and ratings as covariates as a
result of between-group behavioral differences, comparing bipolar disorder patients with and
without ADHD and medicated and unmedicated patients. We also performed an analysis
excluding the three ADHD youths with comorbid anxiety disorder. Finally, we used at test
to compare bipolar disorder patients with and without euthymia and Pearson correlations to
examine associations between amygdala activation, number of medications (for the bipolar
disorder and severe mood dysregulation groups), and behavioral performance (ratings and
reaction time).

Behavioral Data
Behavioral ratings and reaction time were analyzed using separate ANCOVAs covaried for
age. Post hoc analyses employed t tests. We performed Pearson correlations to assess
associations between mood and performance. A statistical threshold of p<0.05 was used.

Results
Demographic Characteristics

Groups differed in age (F=3.43, df=3, 123, p=0.02), with the severe mood dysregulation
group being younger than the bipolar disorder group (p<0.01) (Table 1). Subsequent
analyses covaried for age. There was no significant difference in IQ among the groups.
Fifty-six percent of bipolar disorder patients (N=24/43) and 96% of severe mood
dysregulation patients (N=26/27; data missing for two subjects) were euthymic at the time of
imaging.

Behavioral Data
Ratings—ANCOVA revealed a significant group effect on fear ratings of neutral faces
(F=3.12, df=3, 122, p=0.03) (Table 2). Patients with bipolar disorder (p<0.01) and severe
mood dysregulation (p=0.02) were more afraid of neutral faces than healthy comparison
subjects. ADHD patients did not differ significantly from the other three groups. Groups did
not differ on hostility or nose-width ratings. There was no relationship between ratings and
Young Mania Rating Scale or Children's Depression Rating Scale scores.

Reaction time—ANCOVA revealed nearly significant reaction time differences in ratings
for hostility of neutral faces (F=2.53, df=3, 122, p=0.06), with bipolar disorder patients
reacting slower than healthy comparison subjects (p=0.01) and severe mood dysregulation
patients (p=0.05) (Table 2). Groups did not differ significantly on reaction time when rating
fear or nose width. Higher Young Mania Rating Scale scores were associated with faster
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reaction times for fear ratings (r=–0.26, p=0.03). Children's Depression Rating Scale scores
were not related to reaction time.

fMRI Data
Fear and nose-width ratings contrast—Data revealed disorder-specific perturbations
in left amygdala activation (F=4.53, df=3, 122, p>0.01) (Figure 1). Relative to healthy
comparison subjects, ADHD patients manifested hyperactivation in this brain region
(p=0.05), whereas severe mood dysregulation patients demonstrated hypoactivation
(p=0.04). Bipolar disorder patients did not differ significantly from healthy comparison
subjects. Disorder-specific perturbations extended beyond comparisons with healthy
subjects. ADHD patients manifested hyperactivity when compared with bipolar disorder
patients (p=0.05) and severe mood dysregulation patients (p<0.01). Severe mood
dysregulation patients showed hypoactivity relative to bipolar disorder patients (p=0.04) and
ADHD patients (p<0.01). There were no significant between-group differences in the right
amygdala.

Hostility and nose-width ratings contrast—There were no significant between-group
differences in the left or right amygdala.

Nose-width ratings and fixation trials—There was a significant group effect in the left
amygdala (F=3.28, df=3, 122, p=0.02), with severe mood dysregulation patients showing
hyperactivation relative to the other three groups (all p values <0.01). Nearly significant
differences emerged in the right amygdala (F=2.25, df=3, 122, p=0.09): severe mood
dysregulation patients showed hyperactivation relative to healthy comparison subjects
(p=0.02), and healthy comparison subjects showed hypoactivation relative to bipolar
disorder (p=0.08) and ADHD patients (p=0.06).

Post Hoc Analyses of Fear and Nose-Width Ratings Contrast in the Left Amygdala
Covarying behavioral ratings and reaction time—When ratings and reaction times
were covaried, results remained the same as the aforementioned, except the difference
between severe mood dysregulation and bipolar disorder patients fell short of significance
(p=0.09). Thus, behavioral differences did not account for the neural differences.

Comorbidities, mood state, medications, and behavioral performance—There
were no significant differences in left amygdala activation between bipolar disorder patients
with (N=20) and without (N=23) ADHD. In an ANCOVA excluding the three ADHD
patients with anxiety disorders, the ADHD group still showed hyperactivation relative to the
other three groups (all p values <0.03). Among bipolar disorder patients, those with (N=24)
and without (N=19) euthymia did not differ significantly in amygdala activation.

There were no significant differences between medicated (N=32) and unmedicated (N=11)
bipolar disorder patients or between medicated (N=21) and unmedicated (N=6) severe mood
dysregulation patients (data missing for two subjects). There was no relationship between
the number of medications and amygdala activations in the bipolar disorder or severe mood
dysregulation group. There also was no relationship between the presence of any specific
medication class (i.e., antipsychotic, lithium, antiepileptic, antidepressant, or stimulant) and
left amygdala activation.

Ratings and reaction times were related to amygdala activation in healthy comparison
subjects and patients with severe mood dysregulation and ADHD but not bipolar disorder.
Increased amygdala activation was associated with 1) slower reaction time for hostility
ratings among patients with severe mood dysregulation (r=0.38, p=0.04), 2) slower reaction
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time during nose-width ratings among ADHD patients (r=0.50, p=0.03), and 3) higher fear
ratings among healthy comparison subjects (r=0.40, p=0.02).

Discussion
It is important to examine phenotypic entities with overlapping clinical features to determine
similarities and differences in neural perturbations. Face-emotion processing is a salient
feature of social cognition and is deficient in several childhood pathologies, including
bipolar disorder, severe mood dysregulation, and, possibly, ADHD (25–29). We compared
amygdala activation during a face-emotion processing task in youths with ADHD, bipolar
disorder, or severe mood dysregulation as well as healthy comparison subjects (i.e., subjects
with no axis I diagnosis). This is the first study, to our knowledge, to compare amygdala
activation in these clinically overlapping groups using a face-emotion processing paradigm
and the first fMRI study to examine face processing in severe mood dysregulation.

We found an imaging-based double dissociation in amygdala activation in patients with
ADHD and severe mood dysregulation. Nonirritable ADHD youths showed amygdala
hyperactivity when completing subjective fear ratings of neutral faces relative to healthy
youths and those with bipolar disorder or severe mood dysregulation. In contrast, children
with chronic irritability (operationalized using Leibenluft et al.'s criteria for severe mood
dysregulation [1]) showed amygdala hypoactivity relative to healthy youths and those with
bipolar disorder or ADHD. Contrary to our hypothesis, patients with bipolar disorder did not
differ significantly from healthy comparison subjects. These findings suggest that there may
be functional differences among ADHD, bipolar disorder, and severe mood dysregulation
patients, despite the presence of overlapping behavioral deficits and clinical symptoms.

Severe mood dysregulation is characterized by severe, nonepisodic irritability and
hyperarousal. Although youths with severe mood dysregulation typically meet criteria for
ADHD (16) and are often assigned the diagnosis of bipolar disorder, they may be seen as
clinically “in between” these two groups. Unlike ADHD, severe mood dysregulation is
characterized by a distinct and highly impairing mood component. However, in contrast to
bipolar disorder, it does not involve discrete hypomanic or manic episodes. Several studies
indicate that similar to youths with bipolar disorder, youths with severe mood dysregulation
are deficient in the ability to identify and label facial emotions (15,29), which is consistent
with the behavioral and neural findings in the present study. When performing emotional
ratings (i.e., subjective fear) of neutral faces, severe mood dysregulation patients exhibited
reduced activity in the amygdala relative to healthy comparison subjects and patients with
bipolar disorder or ADHD. The amygdala mediates emotional processing and valence (43)
and is involved in the processing of facial affect (44). In severe mood dysregulation, the
deficit in amygdala engagement while processing emotional aspects of facial expressions
could contribute to interpersonal difficulties and mood problems.

Our finding in severe mood dysregulation resembles data reported for youths with major
depressive disorder. Using this same task, viewing both fearful and neutral faces, Beesdo et
al. (9) found amygdala hypoactivation in children with major depressive disorder.
Similarities between fMRI findings in severe mood dysregulation and major depressive
disorder are interesting because longitudinal epidemiological research suggests that severe
mood dysregulation, and chronic irritability in general, are associated with subsequent
depressive disorders (17–20,45). Thus, both longitudinal and neuroimaging data suggest
associations between severe mood dysregulation and major depressive disorder.
Pathophysiological similarities between these two disorders merit further investigation, with
a particular emphasis on whether amygdala dysfunction in severe mood dysregulation
predicts later major depressive disorder. In addition, the psychological and physiological
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underpinnings of amygdala hypoactivation in severe mood dysregulation during fear versus
nose-width ratings of neutral faces warrant further exploration. For example, our data
suggest that this finding could, in part, reflect relative hyperactivation in youths with severe
mood dysregulation, compared with other youths, while rating nose width, perhaps because
youths with this disorder have difficulty attending away from face emotions. Alternatively,
it could reflect perturbations in other baseline conditions, given questions regarding the
appropriate baseline in fMRI (46).

Given the high rate of ADHD in youths with severe mood dysregulation (16), it is
interesting that the neural correlates of face-emotion processing differ markedly between
these two patient groups. Although both severe mood dysregulation and ADHD patients
have symptoms of distractibility and increased motor activity, they differ in that patients
with severe mood dysregulation, but not ADHD, have significant irritability. Using the K-
SADS-PL, with an additional severe mood dysregulation module, the ADHD subjects in the
present sample were evaluated carefully to ensure that they did not have significant
irritability or other mood symptoms. Thus, it is somewhat surprising that the ADHD
children demonstrated amygdala hyperactivity during a face processing task. However,
studies demonstrate structural (32) and dopaminergic (33) abnormalities in the amygdala in
ADHD patients, suggesting that amygdala abnormalities in ADHD are not without
precedent. In the only previous fMRI study of face processing in ADHD, Marsh et al. (47),
employing a partially overlapping ADHD group, found that amygdala activity did not differ
between ADHD patients and comparison subjects. The task used by Marsh et al. and the one
used in the present study differ significantly in attentional demands (i.e., implicit versus
explicit processing), possibly accounting for the disparate results.

Using a subset of the present sample, we previously found increased activation in the left
amygdala in bipolar disorder patients relative to healthy comparison subjects in the hostility
and subjective fear conditions (11). In both our previous study (11) and the present study,
bipolar disorder patients, relative to healthy comparison subjects, rated neutral faces as more
fear producing and exhibited slower reaction times when rating face hostility. Our failure to
extend this previous neuroimaging finding might be the result of a type II error, particularly
since the current analysis includes four groups rather than two. Indeed, this face-viewing
paradigm is particularly prone to type II error because it includes multiple face emotions and
attention states, each sampled relatively sparsely (eight replicates per attentional condition).
Such sparse sampling was necessary to maintain short task duration and increase tolerability
for youths with severe psychopathology.

In addition, we were interested in a task that included neutral faces, given our prior
behavioral and imaging results (11,15). However, in examining responses to neutral faces, it
is important to embed them in other face emotions, since other emotions can affect the
interpretation of neutral faces (48). Thus, our task represents a compromise. We sampled
activation when neutral faces were viewed in multiple attention states against a background
of multiple emotions, but the number of trials for neutral faces in each attention state was
relatively low.

Indeed, it is possible that the presence of other emotions may have influenced our findings
of amygdala activity in response to neutral faces. Although all subjects were exposed to the
same number of emotional facial expressions, one group may have been particularly affected
by exposure to angry and/or fearful faces, and this, in turn, may have influenced the group's
processing of neutral faces. Research in amygdala dysfunction in pediatric bipolar disorder
could use more powerful paradigms, perhaps focused specifically on emotional ratings of
neutral faces or on other face emotions, such as fear or anger (49).
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Additional limitations complicate interpretations. First, most bipolar disorder and severe
mood dysregulation youths were medicated. However, prior work suggests that medications
do not typically cause type I errors and may even diminish between-group differences (50).
Youths with ADHD but not bipolar disorder or severe mood dysregulation were withdrawn
from stimulants before scanning. The influence of recent medication withdrawal on
activation remains unknown. Second, some bipolar disorder and severe mood dysregulation
patients were not experiencing a period of euthymia at the time of testing, and negative
affect on the day of the scan was not assessed in the ADHD group. Third, age differed
among the groups, although analyses controlled for this difference. Fourth, we used standard
anatomical criteria to locate the amygdala boundaries. Since studies report abnormalities in
amygdala structure in patients with bipolar disorder and ADHD (32,51), standard anatomical
criteria may not be the most accurate method of identifying this region of interest. Future
research might trace the individual amygdala for each subject, although this may become
infeasible as studies continue to increase in size.

The present study suggests unique neural mechanisms mediating face-emotion processing
deficits in clinically overlapping groups. There was a double dissociation in amygdala
activity in youths with ADHD and severe mood dysregulation when completing fear
(emotional) versus nonemotional ratings of neutral faces. ADHD patients demonstrated
hyperactivation, while patients with severe mood dysregulation demonstrated
hypoactivation, relative to the other groups. Additional neuroimaging studies are needed to
examine amygdala activity in response to other emotional facial expressions in these youths
and further specify the neural perturbations associated with nosologically and
phenotypically similar and distinct clinical entities.
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FIGURE 1. Left Amygdala Activation During Ratings of Fear and Nose Width
a Amygdala activation in ADHD patients was greater than that for healthy comparison
subjects (p=0.05).
b Amygdala activation in ADHD patients was greater than that for bipolar disorder patients
(p=0.05).
c Amygdala activation in severe mood dysregulation patients was less than that for bipolar
disorder patients (p=0.04).
d Amygdala activation in severe mood dysregulation patients was less than that for ADHD
patients (p<0.01).
e Amygdala activation in severe mood dysregulation patients was less than that for healthy
comparison subjects (p=0.04).
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