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Abstract

Context—Youth with bipolar disorder (BD) and those with severe, non-episodic irritability
(severe mood dysregulation, SMD) show amygdala dysfunction during face emotion processing.
However, studies have not compared such patients to each other and to comparison subjects in
neural responsiveness to subtle changes in face emotion; the ability to process such changes is
important for social cognition. We employed a novel parametrically designed faces paradigm.

Objective—Using a parametrically morphed emotional faces task, we compared activation in the
amygdala and across the brain in BD, SMD, and healthy volunteers (HV).

Design—Case-control study.
Setting—Government research institute.
Participants—57 youths (19 BD, 15 SMD, 23 HV).

Main Outcome Measure—Blood oxygenated level dependent (BOLD) data. Neutral faces
were morphed with angry and happy faces in 25% intervals; static face stimuli appeared for
3000ms. Subjects performed hostility or non-emotional facial feature (i.e., nose width) ratings.
Slope of BOLD activity was calculated across neutral-to-angry (N—A) and neutral-to-happy
(N—H) face stimuli.

Results—In HV, but not BD or SMD, there was a positive association between left amygdala
activity and anger on the face. In the N—H whole brain analysis, BD and SMD modulated
parietal, temporal, and medial-frontal areas differently from each other and from HV; with
increasing facial-happiness, SMD increased, while BD decreased, activity in parietal, temporal,
and frontal regions.

Conclusions—Youth with BD or SMD differ from HV in modulation of amygdala activity in
response to small changes in facial anger displays. In contrast, BD and SMD show distinct
perturbations in regions mediating attention and face processing in association with changes in the
emotional intensity of facial happiness displays. These findings demonstrate similarities and
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differences in the neural correlates of face emotion processing in BD and SMD, suggesting these
distinct clinical presentations may reflect differing pathologies along a mood disorders spectrum.

INTRODUCTION

Pediatric bipolar disorder (BD) is diagnosed with increasing frequency,! perhaps because
some suggest that it presents as either severe, non-episodic irritability or episodic mania.2
This suggestion raises questions about clinical and pathophysiological differences between
these two presentations. To evaluate this, the phenotype of severe, hon-episodic irritability
was operationalized as “severe mood dysregulation” (SMD).2 Family history2 and
longitudinal data® 5 suggest that BD and SMD are dissociable phenotypes, whereas
behavioral data find similarities in face information processing.6-9 Imaging studies can
elucidate similarities and differences in neural mediators of such information-processing
findings.10: 11 Here, we compare blood oxygenated level dependent (BOLD) activation
patterns during the presentation of parametrically morphed emotional faces in BD, SMD,
and healthy volunteers (HV).

Emotional faces are salient nonverbal social cues. Appropriate identification of, and
responses to, such cues are necessary for proper learning and behavior in social situations.12
Children with BD or SMD, but not those with other forms of psychopathology, show
perturbed face-emotion labeling ability.5-19 On a task in which neutral faces morph into full
emotional expressions, both BD and SMD youth, compared to HV youth, require more
intense emotion to be displayed on the face before they can identify it.” In addition, both
SMD and BD patients perceive neutral faces as more fear-producing than do healthy
subjects.10

However, while BD and SMD youth exhibit similar behavioral impairments on face-labeling
tasks, the only study to compare face processing in the two phenotypes found that the neural
correlates of the two phenotypes differ.10 Specifically, Brotman et al.1? found that SMD,
relative to BD and HV youth, exhibited amygdala hypo-activation during explicit processing
of neutral faces. Of note, most pediatric BD studies find amygdala hyperactivation during
both implicit and explicit face-emotion processing, including hostility ratings of neutral
faces.13-17 Indeed, a recent study found that amygdala dysfunction extends to youth at risk
of BD,18 emphasizing the importance of the amygdala as a region of interest in BD.
However, while literature on affect dysregulation suggests the amygdala is important, the
amygdala functions in the service of affect regulation and dysregulation as part of a
distributed circuit encompassing other regions (including DLPFC and VLPFC).1® Together,
these studies suggest that amygdala dysfunction varies as a function of diagnosis. However,
insufficient work compares SMD and BD directly, so the degree to which dysfunction in the
amygdala or other regions is shared or disorder-specific in SMD and BD during face
processing requires further investigation.

Here, we build on prior work showing that SMD and BD perform more poorly than HV on
face emotion processing tasks. Specifically, BD or SMD patients require more intense
emotional information than do HV before they can identify an emotion,” and BD patients
rate neutral faces as being more hostile than do control subjects.” Both SMD and BD
demonstrate amygdala dysfunction;1? here we used a parametric design to examine
amygdala modulation in the context of an emotion processing task. We employed both an
implicit and explicit emotion processing condition since previous work has demonstrated
amygdala dysfunction in BD3-17 and SMD9 during explicit emotion processing, while
evidence suggests that implicit emotion processing activates the amygdala more consistently
in healthy populations?® and can also distinguish pediatric bipolar patients from controls.1’
Therefore, questions remain on whether group differences in the current study would
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manifest in both or one specific attention condition. Specifically, we morphed faces
parametrically from neutral to 100% happy or 100% angry in 25% increments and examined
the degree to which each group exhibited a linear relationship between face emotion
intensity and behavioral and neural measures. Thus, we examined the “dose-response” curve
of neural activity changes with increases in emotion on a face. This approach is sensitive to
subtle group differences; avoids problems with rapid amygdala habituation to identical
emotional stimuli; and allows us to examine the neural underpinnings to the finding that,
compared to HV, BD and SMD youths require more emotional intensity in order to label a
face emotion accurately.”- 10

Given our interest in amygdala dysfunction, we conducted an ROI analysis of this region, in
addition to a whole brain analysis. Based on the behavioral findings noted above, we
hypothesized that both SMD and BD youth would differ from HV in amygdala
responsiveness to subtle changes in emotional expression. However, the directionality of
expected differences was unclear, given inconsistencies in prior findings. Finally, given the
observed differences in the clinical presentation, longitudinal course, and pathophysiology
of SMD and BD, we expected diagnosis-specific neural correlates in other brain regions,
including the DLPFC and VLPFC, which have shown to be less active in youth with BD
compared to controls in emotional face tasks.14 1. 17, 21

Usable fMRI data were acquired from 57 subjects, including BD (N = 19), SMD (N = 15),
and HV (N = 23) (see Table 1); data from two controls, two BD, and three SMD were
excluded for excessive motion. All participants, ages 8-18, 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 and healthy subjects were recruited and
assessed using methods described previously.10 Subjects were assessed using the Schedule
for Affective Disorders and Schizophrenia for School-Age Children—Present and Lifetime
Version (K-SADS-PL), including a module to ascertain SMD.22 Interviewers were master’s-
and doctoral-level clinicians, with excellent interrater reliability (k>0.9 for all diagnoses,
including differentiating BD from SMD). Diagnoses were based on best-estimate procedures
generated in a consensus conference led by a psychiatrist. BD patients were “narrow
phenotype,” with at least one full-duration (hypo)manic episode characterized by
abnormally elevated mood and at least three DSM-IV “B” mania symptoms.2 SMD youth
had non-episodic irritability, over-reactivity to negative emotional stimuli at least three
times/week, and hyperarousal symptoms. Symptoms had to begin before age 12, be present
for at least one year with no symptom-free periods exceeding two months, and cause severe
impairment in at least one setting (i.e., home, school, peers), and mild impairment in
another. Euphoric mood or distinct (hypo)manic episodes lasting more than one day were
exclusionary.2 HV had no lifetime psychiatric diagnoses and, as ascertained by parent
interview, no first-degree relatives with a mood disorder.

Exclusion criteria for all subjects were: 1Q<70, history of head trauma, neurological
disorder, pervasive developmental disorder, unstable medical illness, or substance abuse/
dependence. HV were medication-free. Most BD and SMD youths were medicated.

Behavioral Paradigm

Faces were taken from the Ekman pictures of facial affect?® and were morphed between a
100% anger face and a neutral face, and between a 100% happy face and a neutral face
(Figure 1). Face morphs were created using methods from LaBar et al.24 with MorphMan
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2000 software (STOIK, Moscow, Russia). Five female faces and five male faces were
included.

Thee morphs were made at 25% increments, resulting in 9 face emotions [100 Angry
(hereinafter called A100), 75/25 Angry/Neutral (A75), 50/50 Angry/Neutral (A50), 25/75
Angry/Neutral (A25), 100 Neutral (Neut), 25/75 Happy/Neutral (H25), 50/50 Happy/Neutral
(H50), 75/25 Happy/Neutral (H75), and 100 Happy (H100)]. To have adequate statistical
power while keeping the paradigm brief enough to be well-tolerated by children with severe
psychopathology, we focused on only two emotions, one positive (happy) and one negative
(angry). We chose these emotions because previous neuroimaging work has shown

differences in neural activity between youths with BD and HV while processing
them.14. 15, 17

There were two behavior conditions: nose width and hostility ratings. Ratings were on a 5
point scale: 1=least wide/least hostile, 5=most wide/most hostile. In each trial, faces
appeared for 3000ms, during which subjects made ratings. The inter-trial interval varied
from 750-1250ms (average 1000ms; Figure 2).

There were four blocks, each including 41 nose-width rating trials, 41 hostility rating trials,
and 12 fixation trials to add jitter and provide a baseline. Stimuli and behavior conditions
were presented randomly within each block. Since we were especially interested in neural
activation while subjects viewed the morphs containing ambiguous emotion (i.e., A50, A25,
Neut, H25, H50), these had more replicates than emotionally unambiguous faces (i.e., A100,
AT75, H75, H100). For the heavily weighted morphs, there were 6 trials per morph in each
condition of each block (24 total), except that neutral had 5 trials per condition per block (20
total). For the less weighted morphs, there were 3 trials per morph in each condition of each
block (12 total). Each block contained 94 trials at an average of 4000ms/trial and was
approximately 6.3 minutes long, yielding a 25 minute experiment.

Image acquisition

Data were acquired on a 3T General Electric scanner. Structural images used T1-weighted
axial acquisition [three-dimensional spoiled-gradient-recall acquisition in the steady state
with inversion recovery prep pulse; 256 x 192 matrix; 124 1.2 mm axial slices; 22 cm field
of view (FOV)] to allow normalization to standard space.2> Functional imaging was
performed axially using a multi-slice gradient echo-planar sequence (24cm FOV, 96 x 96
matrix, 38 contiguous 2.6mm slices; TR=2300ms; TE=25ms).

Behavioral Data Analysis

Ratings and reaction time (RT) were compared in separate repeated-measures 3 (Group:
SMD, BD, HV) x 2 (Behavior. hostility, nose-width ratings) ANOVAs on linear trend
values that describe the data. We divided the analysis into neutral to 100% angry (N—A)
and neutral to 100% happy (N—H). Tukey-corrected post-hoc analyses were conducted as
needed.

Imaging Analysis

fMRI data were analyzed with Analysis of Functional Neurolmages (AFNI), using
preprocessing methods described previously,28 with 6mm root mean square (RMS) blur.
Data were scaled to a percentage of the voxel-wise mean, subject to a limit of 200 to avoid
truncation artifacts. We censored multiple movement spikes greater than 1.5 mm and
excluded participants with more than 5% censored time to repetitions (TRs). Regressors for
each morph in each behavior condition were created by convolving stimulus times with a
gamma-variate hemodynamic-response function. Linear regression modeling was performed
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per voxel, with 18 regressors, one for each stimulus condition (9 Morphs x 2 Behavior
states), a third-order polynomial modeling the baseline drift, and 6 motion parameters. Blank
fixation trials provided a baseline. Individual beta-coefficient maps were warped into
standard space with a high-resolution anatomical image that had been manually normalized
by identifying the anterior-posterior commissures, midsaggital plane, and outer boundary.

To model neural activity to the faces morphing from N—A and N—H, at the individual
subject level two trend analyses were performed for the parametrically modeled stimulus
classes, one each for N—A and N—H. The regressors were analyzed for linear trends
between BOLD signal and face stimulus intensity.

For the amygdala ROI, we extracted average BOLD linear trend magnitudes for N—A and
N—H in the right and left amygdala based on the Talairach-Tournoux Daemon.2® For each
amygdala ROI a repeated-measures Group (BD, SMD, HV) x Behavior (hostility, nose-
width) ANOVA was conducted on the linear trend magnitudes. If there was a main effect of
Group, using SPSS, we evaluated if the slope value for each group differed significantly
from zero using within-group t-tests, and conducted Tukey-corrected between-group post-
hoc analyses.

At the whole-brain level, we examined linear trends for both N—A and N—H in a Group x
Behavior ANOVA. We used AFNI’s AlphaSim Monte Carlo simulation to calculate the
cluster size associated with a map-wise (entire brain mask) whole-brain false positive
probability of p<.05. This threshold was applied to data initially passing a p<.005 threshold,
yielding a smoothness of 8-9mm. With these features, k=168 at a resolution of 2x2x2
emerged as the significance threshold. For clusters meeting this threshold, average signal
was extracted, and post-hoc ANOVAs and Tukey-corrected post-hoc analyses were
performed in SPSS. Anatomical locations were labeled using the Talairach-Tournoux
Daemon.

Exploratory post-hoc ANOVAS were conducted to examine the impact of potentially
confounding variables. For mood state, analyses were conducted in euthymic patients only
and HV. To test the effect of comorbid anxiety disorders, ANOVAs compared non-anxious
SMD, non-anxious BD, and HV. For medication, we conducted an ANOVA on BD and
SMD separately with medication status (on vs. off) as the between-group variable. We
additionally covaried medication status in the clusters where BD and SMD differed, and
explored the potential impact of age, sex, pubertal status (Tanner score), and CDRS scores,
which can be read in the Online Only Text.

Demographics

Behavior

BD, SMD, and HV did not differ on age, gender, 1Q, or the Children’s Global Assessment
Scale (CGAS). BD had higher Child Depression Rating Scale (CDRS) scores than SMD,
A1, 31)=5.86, p<.03 (Table 1).

Neutral — Angry—~For the linear trends of angry morph ratings, there was no Group x
Behavior interaction or Group main effect. There was a main effect of Behavior, with hostile
ratings showing a steeper positive slope than nose-width ratings, A1, 54)=117.68, p<.0001.
This indicates that subjects used a broader range of the 1-5 scale for hostility ratings than
for nose-width ratings.
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Linear trend analyses on RT values showed no Group x Behavior interactions for angry
morphs. To assess absolute RT differences between groups we also conducted a Group x
Behaviorx Morph ANOVA, and no group differences emerged.

Neutral — Happy—~For the linear trends of happy ratings, the Group x Behavior
interaction was significant, A2, 54)=4. 36, p<.02. Follow-up ANOVAs demonstrated a
group difference for hostile, but not nose-width, ratings of happy morphs, A2, 54)=7.76, p<.
001. Two Tukey HSD-corrected post-hoc analyses of the hostile ratings showed that the
linear trend for BD differed from both SMD (p<.04) and HV (p<.001), with BD modulating
their ratings less than the SMD and control youth.

Linear trend analyses on RT values showed no Group x Behavior interactions for happy
morphs. To assess absolute RT differences between groups we also conducted a Group x
Behaviorx Morph ANOVA. No group differences emerged.

ROI Analysis

Neutral — Angry: Separate Group x Behavior ANOVAs were conducted for right and left
amygdala on the linear trend magnitudes for N—A. In the left amygdala for N—A, there
was no Group x Behaviorinteraction and no main effect of Behavior. However, there was a
main effect of Group, A2, 54)=3.69, p<.04. Collapsed across the two task conditions, linear
trend values (SD) for the groups were: BD=.003(.021), SMD=.001(.023), and HV=.069(.
019), indicating stronger modulation by face-emotion features in healthy subjects than either
patient group. Between-groups Tukey-corrected post hoc analyses revealed a trend, with NV
differing from BD (p=.06) and SMD (p=.07). In addition, within-group contrasts were
conducted with one-sample t-tests. Only healthy subjects had a significant slope across
N—A, #22)=3.3, p<.005 (Figure 3), with an increase in amygdala BOLD activity with
increasing anger in the face. For BD and SMD, the slope did not differ from zero. In the R
amygdala, there was no Group x Behavior interaction and no main effects.

Neutral — Happy: Separate Group x Behavior ANOVAs were conducted for right and left
amygdala on the linear trend magnitudes for N—H. There was no Group x Behavior
interaction and no main effects in either amygdala.

Whole-brain Analysis

Neutral — Angry: At the whole-brain level, no clusters showed a Group x Behavior
interaction for N—A. Left posterior cingulate showed a main effect of Group, A2, 54) =
11.50, p<.0001, Table 2a. Three Tukey-corrected post-hoc analyses showed that HV had a
more positive slope than both BD (p<.0001) and SMD (p<.03).

Neutral — Happy: At the whole-brain level, no clusters showed a Group x Behavior
interaction for N—H. However, four clusters showed a main effect of Group (Table 2b): R
inferior parietal lobule (BA40/7), L Middle Occipital/Fusiform Gyrus (BA37), R Middle
Occipital Gyrus/Cuneus (BA18/19), and L Middle/Superior Frontal Gyrus (BA6/8) (overall
F£5>9.3, ps<.0001). In each region, Tukey-corrected post-hoc analyses showed that the
between-group difference was driven by BD having a more negative slope than SMD (all
5<.0001) and HV (all ps<.05, except for L middle occipital gyrus: p=.07), and SMD having
a more positive slope than HV (all ps<.05) (Figure 4).
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Effect of potential confounding variables

Effects of mood state: A post-hoc analysis in the L amygdala was conducted including only
euthymic BD and SMD (N=16 BD, 15 SMD). There remained a Group effect A2, 51)=3.29,
p<.05, with Tukey-corrected post-hoc analyses showing HV differing from BD (trend, p=.
06) and SMD (p=.03) for N—A. A similar analysis in the whole-brain clusters found
significant between-group differences. Thus, these analyses revealed no effect of current
mood state on our findings.

Effects of comorbid/co-occurring illness: An ANOVA comparing non-anxious SMD
(N=8), non-anxious BD (N=11), and HV on the L amygdala N—A showed a Group effect,
A2, 39)=3.46, p<.05. Tukey-corrected post-hoc analyses showed a difference between non-
anxious BD and HVs (p<.04), while non-anxious SMD did not differ from either group.

In an ANOVA comparing non-anxious SMD, non-anxious BD, and HV for N—A in the
posterior cingulate, and in the clusters identified in the whole-brain N—H, most of the
Group differences remained (see Online Only Text). Thus, excluding BD and SMD
participants with comorbid anxiety disorder lessened some of the group differences, but this
effect may be due to loss of statistical power.

Effects of medication: ANOVAs assessed medication effects on left amygdala N—A linear
trends. For SMD, an ANOVA comparing unmedicated SMD (N=6) to medicated SMD
(N=8) found no difference (p=.47). Only two BD subjects were unmedicated. However,
correlations between number of medications and activation in all BDs on the amygdala and
each whole-brain cluster were not significant. We also found no differences between SMDs
on vs. off medication in any of the whole-brain clusters (all p5>.16).

DISCUSSION

Research shows that both SMD and BD youth have face emotion processing deficits®—2 and
amygdala dysfunction on face-viewing tasks.19 However, studies have not explored
amygdala modulation in response to varying face emotion intensity.23-17 Moreover, because
only one prior brain-imaging study compared these two patient groups directly,10 questions
remain regarding similarities and differences of face-elicited amygdala dysfunction in BD
vs. SMD. Here, employing a novel parametric design, we compared BOLD activity in BD,
SMD, and HV while participants made implicit or explicit ratings of emational faces. We
examined modulation of activity with changes in the degree of emotion across faces whose
expressions ranged from neutral to 100% angry (N—A) or 100% happy (N—H), in 25%
increments.

During both implicit and explicit ratings of the N—A morphs, only healthy subjects showed
increasing amygdala activity with increasing anger intensity, as has been found using fear
faces in healthy adults.2” The fact that neither BD nor SMD youth exhibited this relationship
suggests similar amygdala dysfunction in SMD and BD youth. Of note, amygdala
dysfunction was present during hostility and nose-width ratings combined, consistent with
studies in BD demonstrating abnormalities during both implicit and explicit face emotion
processing conditions.13: 15 17. 21, 28 These data suggest that, in youth with SMD or BD vs.
HV, there is diminished amygdala responsiveness to changes in face-emotion across several
attentional conditions. This decreased amygdala responsiveness is consistent with behavioral
data demonstrating that, compared to healthy subjects, both SMD and BD perform poorly on
face emotion labeling tasks,® requiring more intense emotional information before
identifying face emotions.11
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BD and SMD differed from each other, and from HV, in behavioral and neural responses to
neutral faces as they morphed towards happy. HV youth, but not BD or SMD, exhibited
increasing amygdala activation in response to increasing face emotion intensity. Also,
compared to HV and SMD, BD patients perceived these faces to have a narrower range of
hostility. A failure to interpret facial stimuli as having a broad range of hostility may have
resulted in the lack of relationship between amygdala response and face emotion intensity.
Alternatively, amygdala and perceived hostility ratings may be driven by an unknown third
variable. While youths with SMD also exhibited a lack of amygdala modulation, they did
not display a restricted range of hostility ratings. This may indicate different
pathophysiological mechanisms between the two patient groups, warranting additional
study.

In this parametric task, we varied the level of emotion depicted in face stimuli and examined
between-group differences in the linear slope describing activation in response to each of the
face morphs; this differs from more typical analyses that compare mean activation between
groups. Since parametric designs model linear changes along a continuum, they may be
more sensitive to subtle between-group differences in activation patterns. Our design, which
includes different gradations of emotional expressions, may be particularly useful in
research on amygdala function, since the amygdala habituates rapidly to repeated
presentations of identical stimuli. However, our results cannot be compared directly to
studies that report amygdala hyper-15 17 or hypo-10 activation in response to faces
displaying 100% emotion, or in response to a limited number of morphs. Nonetheless, our
results are, broadly speaking, consistent with prior studies in youth and adults with BD that
find amygdala dysfunction during face emotion processing,10: 14-17. 21, 29-35 a5 wel| as with
a prior study in SMD youth.10 Additionally, our data need to be interpreted in light of the
tasks used, ratings of hostility and nose width, notemotion labeling.

At the whole-brain level for N—A, only one cluster differentiated groups i.e., in L posterior
cingulate (BA 29/30). The positive slope in HV indicates increased posterior cingulate
activation in association with increased anger on the face, perhaps suggesting more effortful
processing. In contrast, the negative slopes in BD and SMD suggest that increasing anger in
a face is associated with relative disengagement. The posterior cingulate is activated by
emotional stimuli;38 given its connections with amygdala, insula, orbito-frontal cortex, and
parahippocampal regions,3 it is well-placed to modulate motivation and spatial attention.38
Data suggest posterior cingulate dysfunction in adult BD while viewing sad3® and happy
faces.%0 To our knowledge, this is the first study in pediatric BD to report dysfunction in
posterior cingulated activity while viewing emotional faces. As in adult BD, such
dysfunction in youth could be related to the emotional and attention dysregulation that is
central to both BD and SMD.

For N—A morphs, BD and SMD demonstrated similar dysfunction relative to HV in the
amygdala ROI and whole-brain analyses. In contrast, for N—H, across both implicit and
explicit conditions, there were activation differences between BD and SMD in four regions
important for attention and visual processing: R inferior parietal lobule, L middle occipital/
fusiform gyrus, R middle occipital gyrus, and L middle/superior frontal gyrus. These
findings are interesting given research demonstrating BD neural dysfunction elicited by
happy face stimuli.32: 33. 41-43 As neutral faces morphed towards happy, each group showed
a characteristic and unique pattern of activity across regions; specifically, BD decreased in
activity (negative slope), SMD increased in activity (positive slope), and HV did not
modulate activity. While mood states fluctuate in patients with BD, SMD is characterized by
a persistent negative mood state; speculatively, the processing of positive stimuli may be
particularly demanding in patients with chronic, severe irritability? i.e., those with SMD.

Arch Gen Psychiatry. Author manuscript; available in PMC 2013 December 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Thomas et al.

Page 9

Like the posterior cingulate findings, these results should be viewed with both caution and
interest. Caution is warranted, given the lack of consistent prior face-viewing imaging work
implicating these regions in SMD or BD. Interest is also warranted, given evidence
implicating these structures in processes relevant to SMD and BD.19 Specifically, in healthy
subjects, both inferior parietal lobule and middle occipital/fusiform gyrus are key in face
processing.4-46 Additionally, the superior frontal gyrus is active during social emotion
processing,*”: 48 and the inferior parietal lobule mediates attention.49: 50

Depression in adult BD has been associated with dysfunction in anatomical and functional
connectivity between the amygdala and frontal areas® and between frontal areas.2> Here,
depression scores were higher in BD vs. SMD, and BD and SMD showed opposite patterns
of frontal activity on N—H with increasing amounts of happiness. Although the between-
group differences remained in post-hoc analyses covarying CDRS scores (see Online Only
Text), the impact of mood state on these findings merits further research.

Mood state, comorbidity, and medication all complicate research on BD and SMD. Most
(84%) BD patients were euthymic, and results remained unchanged when the analysis
included euthymic patients only. When only non-anxious BD (N=11) and SMD (N=8) were
included, the differences between BD and HV remained but, perhaps because of Type Il
error, SMD did not differ from the other two groups. This demonstrates the need for a larger
sample of non-anxious SMD patients. Since most patients were medicated, we cannot rule
out the possibility that medication influenced the blunted amygdala response in N—A seen
for BD and SMD. The 6 unmedicated vs. 8 medicated SMD did not differ in amygdala or
whole-brain cluster slope values, although this could be due to insufficient power. When
medication status was covaried from the four N—H clusters where BD and SMD differed,
the groups remained statistically distinct from each other. Given the post-hoc nature of this
analysis and the small sample sizes, replication in a larger sample is needed. While it would
be ideal to study unmedicated patients, it is neither ethical nor feasible to test all patients
medication-free. Since our paradigm included only angry and happy morphs, we cannot
generalize beyond these two emotions e.g., to fear or sadness. Also, while prior behavioral
studies demonstrate face emotion labeling deficits in BD and SMD, face emotion labeling
was not assessed directly here. An additional limitation is that we did not systematically
assess handedness.

In this novel parametric face paradigm with two attention conditions, we found that BD and
SMD have both similarities (amygdala) and differences (parietal and medial frontal areas) in
BOLD activity dysfunction versus healthy subjects. These data suggest that amygdala
activity in both groups does not change in response to increasing amounts of anger. In
contrast, in response to increasing amounts of happiness, BD and SMD have differing
directions of dysfunction in frontal and parietal regions. The current work adds to data
demonstrating that BD and SMD have clinical, neuropsychological and pathophysiological
similarities as well as differences,19: 26 suggesting that SMD and BD may be manifestations
of differing pathologies along a mood disorders spectrum. Future work is needed to examine
the role of these neural correlates as they relate to differences in clinical outcomes.

While these data cannot be used for diagnostic purposes, they support the growing need to
compare pediatric BD to children with SMD. SMD, like BD, is a severe mood disorder, but
SMD patients differ from BD in that only BD patients experience manic episodes
(presenting instead with non-episodic irritability), and, longitudinally, SMD patients develop
depressive and anxiety disorders.? 5 43.52 Future work can aid in distinguishing BD from
SMD pathophysiologically, which has important diagnostic and treatment implications for
children who present in community clinics with severe irritability and emotional
dysregulation.
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Figure 1.

Example of a male identity used for creating the 9 morphs in the current experiment. 100
Angry, 75/25 Angry/Neutral, 50/50 Angry/Neutral, 25/75 Angry/Neutral, Neutral, 25/75
Happy/Neutral, 50/50 Happy/Neutral, 75/25 Happy/Neutral, and 100 Happy.
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Hostile Rating Block Example

3000 ms 750-1250 ms 3000 ms 750-1250 ms
B Nose-Width Block Example
3000 ms 750-1250 ms 3000 ms 750-1250 ms
Figure 2.

Examples of the beginning of (A) hostility and (B) nose-width rating blocks. The event-
related paradigm consisted of two runs of four blocks each, two hostility and two nose-width
(47 trials/block). Attention state (nose vs. hostility) block order was randomized across
subjects.
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Figure 3.

A) Example of the L amygdala ROI. B) Beta weights for each group along each N—A
morph in the L amygdala. C) Linear trends for each group along N—A in the L amygdala.
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Figure 4.

A) Example of the R inferior parietal lobule (BA 40) cluster. B) Beta weights for each group
along each N—H morph in the R inferior parietal lobule (BA 40). C) Linear trends for each
group along N—H in the R inferior parietal lobule (BA 40).
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Table 1
Demographic data
BD(N=19) SMD(N=15) HV (N=23)
Mean+ SD Mean+ SD Mean+ SD
Age @ 15.33+£2.13 1453 +£2.24 14.92 £1.99
WASI |Qb 103.63+15.34 109.00+12.04 108.35+ 13.53
YMRS € 6.58 +5.22 - -
CDRs ¢ 28.63+7.70 2250+ 6.42
CGAS € 52.11+ 8.93 45.36 +18.61
Number of medications f 3.16 £1.64 153 +1.55 --
N (%) N (%) N (%)
Male 9 7(37) 11 (73) 12 (52)
Bipolar | 16 (84)
Bipolar 11 3 (16) --- -
MoodsState /7
Euthymic 16 (84) 15 (100)
Depressed 1(5) 0 (0)
Hypomanic 1(5)
Mixed 1(5)
ComorbidConditions
ADHD 10 (53) 13 (87)
ODD or CD 5 (26) 12 (80)
Anxiety
GAD 7(37) 4(27)
SAD 3(16) 2(13)
Social Phobia 4(21) 1(7)
Medication
Unmedicated 2 (11) 6 (40) 23 (100)
Atypical Antipsychotic 9 (47) 5(33)
Lithium 8 (42) 1(7)
Antiepileptic 11 (58) 3(20)
Antidepressant 7(37) 3(20)
Stimulants 7(37) 7 (47)
NS
bNS

chung Mania Rating Score.

dChiIdren’s Depression Rating Score; missing data from 1 SMD. p < .05.
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eChiIdren’s Global Assessment Scale of the past 6 months; missing data from 1 SMD.
fNumber of medications at time of scan. p <.01
INs

hMood State indicated by CDRS, Structured Interview Guide for the Hamilton Depression Rating Scale, Seasonal Affective Disorders (SIGH-
SAD), and YMRS.
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