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Abstract

Objective: Bipolar disorder and disruptive mood dysregulation disorder (DMDD) are clinically
and pathophysiologically distinct, yet irritability can be a clinical feature of both illnesses. The
authors examine whether the neural mechanisms mediating irritability differ between bipolar
disorder and DMDD, using a face emaotion labeling paradigm because such labeling is deficient in
both patient groups. The authors hypothesized that during face emotion labeling, irritability would
be associated with dysfunctional activation in the amygdala and other temporal and prefrontal
regions in both disorders, but that the nature of these associations would differ between DMDD
and bipolar disorder.

Method: During functional MRI acquisition, 71 youths (25 with DMDD, 24 with bipolar
disorder, and 22 healthy youths) performed a labeling task with happy, fearful, and angry faces of
varying emotional intensity.

Results: Participants with DMDD and bipolar disorder showed similar levels of irritability and
did not differ from each other or from healthy youths in face emotion labeling accuracy. Irritability
correlated with amygdala activity across all intensities for all emotions in the DMDD group; such
correlation was present in the bipolar disorder group only for fearful faces. In the ventral visual
stream, associations between neural activity and irritability were found more consistently in the
DMDD group than in the bipolar disorder group, especially in response to ambiguous angry faces.
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Conclusions: These results suggest diagnostic specificity in the neural correlates of irritability, a
symptom of both DMDD and bipolar disorder. Such evidence of distinct neural correlates suggests
the need to evaluate different approaches to treating irritability in the two disorders.

The nosologic implications of irritability have received considerable attention in the child
psychiatry literature in recent years, especially with regard to the diagnosis of bipolar
disorder in youths. Indeed, the diagnosis of disruptive mood dysregulation disorder (DMDD)
was introduced in DSM-5 in part to provide an appropriate diagnosis, distinct from bipolar
disorder, for children with severe, nonepisodic irritability. By definition, the irritability

seen in youths with DMDD is severe and relatively invariant over time. In contrast, some
youths with bipolar disorder may have irritability while euthymic (i.e., trait irritability), and
irritability may increase markedly during manic or depressive episodes (i.e., state-related
irritability). Thus, while the clinical presentation of irritability differs between DMDD

and bipolar disorder, the symptom is important in both disorders. However, it is unknown
whether the neural mechanisms mediating irritability differ between DMDD and bipolar
disorder; the question has potential treatment implications. In this study, we used a face
emotion labeling paradigm to compare brain activation associated with irritability in DMDD
and bipolar disorder.

Face emotion labeling deficits have been shown in both DMDD and bipolar disorder (1-5),
particularly in response to less intense, ambiguous facial expressions (6, 7). Indeed, one
behavioral study found that irritability symptoms mediate the association between bipolar
disorder and face emotion labeling deficits (5). In addition, evidence suggests that DMDD
and bipolar disorder may have distinct brain profiles when processing emotional faces, as
youths with DMDD show less amygdala activation (greater deactivation) compared with
youths with bipolar disorder (8), as well as functional differences in other temporal, parietal,
occipital, and prefrontal regions (9, 10) associated with face processing (11) and implicated
in bipolar disorder (12).

Our study addresses several gaps in the literature. First, whereas previous research has
provided evidence that bipolar disorder and DMDD are pathophysiologically distinct (8—
10), this study is the first to examine whether irritability is subserved by different neural
mechanisms in these two patient groups. Second, although several functional MRI (fMRI)
studies in DMDD and bipolar disorder have focused on face emotion processing (e.g., 8,
13), this is the first to use a face emotion labeling scanning paradigm per se. It is important
to scan face emotion labeling, as opposed to other aspects of face processing, because

this is where behavioral deficits have been found in bipolar disorder and DMDD (1-6).
Moreover, although previous work examined related constructs, such as trait aggression
(14), this study is the first, to our knowledge, to identify brain mechanisms of the
irritability dimension. Also of note, previous studies on bipolar disorder, DMDD, and
other disorders have identified ambiguous faces as important in eliciting group differences
in emotion labeling processes (6, 7), but they did not examine nonlinear patterns across
emotional face intensity. As modeling nonlinear relationships may be necessary to fully
capture pathophysiology (15), this study models both linear and nonlinear patterns in brain
activation across emotional face intensity.
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Thus, this study compares neural correlates of irritability severity in DMDD, bipolar
disorder, and healthy development. Youths with bipolar disorder, youths with DMDD, and
healthy comparison youths performed a labeling task with happy, fearful, and angry faces
of varying emotional intensity during fMRI acquisition. We hypothesized that activation
elicited by emotional face labeling in the amygdala, as well as in other temporal and
prefrontal regions previously identified as pathophysiologically distinct in DMDD and
bipolar disorder (8-10), would be associated with irritability, but that this association would
differ between DMDD and bipolar disorder, because the clinical presentation of irritability
differs in these two disorders.

Data from 71 youths (ages 9-21 years) were included; 25 had DMDD, 24 had bipolar
disorder, and 22 were healthy comparison youths. Of a total 95 participants who completed
the scan, eight were excluded because of excessive motion (average motion per time point
>0.25 mm, one youth with bipolar disorder, seven youths with DMDD), 14 because of
insufficient data in one of the conditions (<62 time points per condition, corresponding

to 8-10 trials, after motion censoring and removal of incorrect responses; three healthy
youths, three youths with bipolar disorder, eight youths with DMDD), and one youth

with DMDD for poor signal-to-noise ratio (<100). Excluded and included participants with
DMDD did not differ significantly in gender, likelihood of having an anxiety disorder,
anxiety severity, medication status, 1Q, or irritability. However, excluded participants tended
to be younger (t=2.29, df=39, p=0.03) and were more likely to have comorbid attention
deficit hyperactivity disorder (ADHD)(X2:6.72, df=1, p=0.01). In the final sample, the
DMDD, bipolar disorder, and healthy groups did not differ significantly in age, and the
DMDD and bipolar disorder groups did not differ in likelihood of having ADHD or any
other comorbid diagnosis (Table 1). Inclusion in the DMDD or bipolar disorder group
required a lifetime history of the disorder, as diagnosed using the Kiddie Schedule for
Affective Disorders and Schizophrenia (K-SADS) (16) in youths under age 18 (N=58) or
the Structured Clinical Interview for DSM-I1I-R (17) in youths over age 18 (N=13), with
the DMDD supplement, and clinical consensus. Exclusion criteria were conditions for which
MRI is contraindicated (including orthodontic braces), history of neurological disorders,
and an 1Q below 80. Participants were recruited through advertisements, and they received
monetary compensation. Participants over age 18 and parents of minor participants gave
written informed consent after receiving a complete description of the study; minors gave
written assent. Procedures were approved by the Institutional Review Board of the National
Institute of Mental Health.

Face Emotion Labeling Task

Participants performed a jittered, event-related task during fMRI acquisition in which they
labeled the emotion on angry, fearful, and happy faces morphed with neutral faces to create
0%(i.e., neutral), 50%, 75%, and 100% intensity faces presented for 4000 ms total (2000 ms
of face only and 2000 ms of face with options to label the emotion on the face) (Figure 1).
Across four 8.5-minute runs, there were 28 trials per emotion intensity condition, except for
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neutral faces, of which there were 84 trials (28 trialsx3). Details on the task are provided in
the data supplement that accompanies the online edition of this article.

Irritability Measure

The Affective Reactivity Index (18) was used to operationalize irritability symptoms as

a continuous measure. To include information from multiple informants, parent and child
reports were averaged. The Affective Reactivity Index score consisted of the sum of

six items, such as “gets angry easily” and “often loses his/her temper,” rated on a 0-2
scale, based on the past 6 months. The Affective Reactivity Index shows excellent internal
consistency in both clinical and nonclinical samples (Cronbach’s alpha values >0.88) (18).

Behavioral Data Analysis

To examine whether accuracy in identifying face emotion differs by diagnostic group,
emotion, and intensity level, an analysis of variance was conducted with diagnosis
(healthy youths, DMDD, bipolar disorder) as a between-subject factor and emotion

(angry, fearful, happy) and intensity (0%, 50%, 75%, 100%) as within-subject factors.

To investigate significant interactions, false-discovery-rate-corrected post hoc comparisons
were performed.

fMRI Data Analysis

Parameters for MRI data acquisition and preprocessing steps are provided in the online data
supplement.

Individual-level models.—For each participant, correct trials were categorized by
emotion (happy, fearful, angry) and intensity (0%, 50%, 75%, 100%). The resulting event
types (i.e., conditions) were modeled as regressors convolved with AFNI’s BLOCK basis
function over 4000 ms of face presentation for each trial. Incorrect trials were modeled with
a nuisance regressor. Motion parameters (estimated in the X, y, z, roll, pitch, yaw directions)
and fourth-degree polynomials modeling low-frequency drift, based on run durations of 508
seconds, were included in the baseline model. To further address excessive head motion,
time point pairs with >1 mm frame-wise displacement were censored. Beta coefficients were
estimated for each voxel and each regressor. The beta images, which represented estimated
activation in each condition for each participant, were then used in group-level analyses.

Group-level models.—AFNI’s 3dLME was utilized to create a whole brain linear mixed-
effects model with diagnostic group (healthy, DMDD, bipolar disorder) as a between-subject
factor, irritability score as a quantitative variable, and emotion (fearful, happy, angry)

and intensity (0%, 50%, 75%, 100%) weighted linearly, quadratically, and cubically as
within-subject factors. To identify brain regions where the association between irritability
and activation when labeling emotions of varying degrees of intensity varied by diagnostic
group, we examined diagnostic group-by-irritability-by-emotion-by-intensity interactions,
with intensity modeled linearly, quadratically, and cubically (all interactions specified within
the same model). The cluster extent threshold was set to k=39 (609 mm?3) with a height
threshold of p<0.005, equivalent to a whole-brain-corrected false positive probability of
p<0.05, as calculated by 3dClustSim, using blur estimates averaged across participants.
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Activation maps were masked to include only areas of the brain for which 90% of
participants had valid data. To characterize significant diagnostic group-by-irritability-by-
emotion-by-intensity interactions, false-discovery-rate-corrected post hoc analyses were
performed in SPSS (IBM, Armonk, N.Y.) using values extracted and averaged from the
clusters. These post hoc analyses tested whether irritability was associated with the brain
response modeled cubically across intensity levels for each emotion and diagnostic group
separately.

Participants’ demographic and clinical characteristics are summarized in Table 1.

The bipolar disorder and DMDD groups did not differ significantly in mean irritability
scores, and both the bipolar disorder and DMDD groups had greater irritability scores than
the healthy group (p values, 0.001; omnibus F=16.0, df=2, 68, p,0.001). The bipolar disorder
and DMDD groups were highly overlapping in their irritability distributions (see Figure S1
in the online data supplement). The diagnostic group-by-irritability-by-emotion-by-intensity
interaction did not significantly predict accuracy in face labeling, nor were there any other
group differences in face labeling accuracy, nor any associations between irritability and
accuracy. (See Table S1 in the data supplement for results of a parallel analysis with all
scanned participants.)

Brain Function

Whole brain analyses indicate significant four-way interactions among diagnostic group,
irritability, emotion, and intensity modeled cubically in multiple clusters, including the
amygdala and multiple temporal, parietal, occipital, and prefrontal cortical areas (superior
temporal sulcus, temporo-parietal and temporo-parietal-occipital junctions, temporal pole,
postcentral gyrus, lingual gyrus, and lateral prefrontal cortex) (Table 2). In these regions,

the strength and direction of the association between irritability severity and brain response
varied depending on diagnostic group as well as stimulus qualities (face emotion and
intensity of emotion). Here, wereport details from clusters identified in the highest-order
interaction (diagnostic group by irritability by emotion by intensity, modeled cubically), that
is, brain areas for which the cubic shape of the brain response across intensity levels differed
significantly depending on irritability level, diagnostic group, and emotion; lower-order
quadratic and linear results are reported in Table 2.

In the amygdala, false-discovery-rate-corrected post hoc analyses indicate that the diagnostic
group-by-irritability-by-emotion-by-intensity interaction was driven by exaggerated
responses to middle-intensity (50%, 75%) faces in youths with greater levels of irritability,
although the specific pattern (i.e., greater or less activation) depended on emotion and
diagnostic group (peak coordinates, —19, —4, —=11; F=9.33, df=4, 715, k=63 voxels, p<0.05
whole brain corrected) (Figure 2). Irritability was significantly associated with change

in brain response, modeled cubically across intensities, for all emotions in the DMDD

group (happy, p=0.04; fearful, p=0.03; angry, p=0.03), but only for fearful faces in the
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bipolar disorder group (p=0.03). In particular, whereas in youths in the bipolar disorder
group greater levels of irritability were associated with greater activation in response to
middle-intensity fearful faces, youths in the DMDD group showed the opposite pattern—
less activation with increasing irritability to the same stimuli. Irritability did not significantly
predict changes in the cubic shape of brain response to intensity levels for happy or angry
faces in youths with bipolar disorder, or for any emotion in healthy youths.

Intemporal, parietal, andoccipitalareas (temporo-parietal-occipital junction, temporal pole,
superior temporal sulcus, lingual gyrus) identified as significant in the diagnostic group-
by-irritability-by-emotion-by-intensity contrast with intensity modeled cubically, false-
discovery-rate-corrected post hoc analyses indicate that the interactions were driven by
significant associations between irritability severity and brain response across intensity
levels of negative emotion faces in the DMDD group only (see Figures S2-S5 in the
online data supplement). Within the DMDD group, youths with greater irritability exhibited
exaggerated brain responses to middle-intensity fearful faces or to fearful and angry faces,
depending on the brain region. Regions in the temporo-parietal-occipital junction and
temporal pole in the bipolar disorder group showed associations between irritability and
response to intensities of fearful faces that were in the opposite direction of those in the
DMDD group, but these were marginally significant after false discovery rate correction.

Post hoc analyses for other temporal and parietal (posterior superior temporal sulcus/
temporo-parietal junction, postcentral gyrus) and lateral prefrontal cortex clusters identified
in the diagnostic group-by-irritability-by-emotion-by-intensity contrast, with intensity
modeled cubically, were marginally significant or not significant after false discovery rate
correction and thus are not discussed further.

Additional Analyses

Additional analyses were performed to address potential effects of medication, mood state,
anxiety, global functioning, and age on the amygdala cluster identified in the diagnostic
group-by-irritability-by-emotion-by-intensity cubic whole brain analysis (Figure 2). These
additional analyses indicated that the results were not primarily driven by these factors.
Moreover, follow-up analyses on the main result in the amygdala were performed with
irritability and diagnostic group separately to contrast with the results from the primary
analysis that included both in the statistical model. Neither irritability nor diagnostic group
separately identified the full extent of amygdala dysfunction related to irritability (see the
online data supplement).

DISCUSSION

We demonstrated different brain activation patterns associated with irritability in DMDD
compared with bipolar disorder when labeling emotional faces. Using a whole brain
analysis, we observed divergent alterations in amygdala activation related to irritability

in youths with DMDD and youths with bipolar disorder. In temporo-occipital regions that
are important in face processing (11), the DMDD group in particular showed associations
between irritability and activation in response to ambiguous angry faces. Our findings
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extend previous work by using a novel paradigm and comparing the neural correlates of
irritability, operationalized dimensionally, between bipolar disorder and DMDD.

This study has implications for our understanding of pathophysiological differences between
DMDD and bipolar disorder. Eighteen of 24 youths with bipolar disorder in this study

were euthymic when scanned, and the level of irritability was similar between the bipolar
disorder and DMDD groups at the time of scanning. Thus, cross-sectionally in our samples,
the irritability of the DMDD group could not be distinguished from that of the bipolar
disorder group. However, previous research has shown that longitudinally, the pattern of
irritability differs markedly between DMDD and bipolar disorder. Specifically, the defining
feature of DMDD is persistent and severe irritability, whereas in bipolar disorder, the

extent of irritability during euthymia can differ among individuals, and the degree of
irritability across mood states can differ within an individual. In addition, the clinical course
between bipolar disorder and DMDD differs in that youths with bipolar disorder have manic
and depressive episodes, whereas such an outcome is unusual in patients with DMDD

(19). Our results indicate that these differences in clinical presentation and outcome are
associated with different brain mechanisms mediating irritability. As with many psychiatric
diagnoses, the diagnostic distinction between DMDD and bipolar disorder sometimes relies
on retrospective recall, which can be fallible; this finding raises the possibility that brain
imaging might eventually aid in the differential diagnosis.

Our results are largely consistent with previous findings suggesting that DMDD and bipolar
disorder can be differentiated by brain response to emotional faces (8-10). Of note,
divergent alterations in neural responses associated with irritability in DMDD compared
with bipolar disorder were apparent when subjects correctly labeled subtle (50%-75%
intensity) faces, not the overt (100% intensity) faces often used in face tasks. This may
indicate that subtle, ambiguous social stimuli are necessary to capture differences in neural
correlates, possibly because these faces are more difficult to identify correctly; consistent
with this, treatment approaches drawing on the present findings, discussed below, focus on
training responses to ambiguous faces. Overall, our findings suggest that even though both
disorders feature irritability symptoms, DMDD and bipolar disorder are in fact distinct
categories. Additionally, our finding of different neural correlates of irritability across
diagnoses suggests that treatments may have to differ as well.

Although we showed overall pathophysiological differences between youths with DMDD
and bipolar disorder, consistent with previous work (8-10), we failed to replicate findings of
hypoactivation in the left amygdala to neutral faces the DMDD group (8). This discrepancy
may be due to key differences in the scanning paradigms between this study and previous
work. Specifically, the psychological process probed in the paradigm used here (emotion
labeling) differs from that of Brotman et al. (8) (rating subjective fear). The present study
focused on emotion labeling because behavioral deficits have been consistently found with
emotion labeling in DMDD and bipolar disorder (1-5).

Our findings suggest that including information about the larger diagnostic context (i.e.,
DMDD versus bipolar disorder) may be essential to identify unique pathophysiological
mechanisms of irritability symptoms. Indeed, an analysis that included only diagnosis
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showed no group differences, and another that examined the neural correlates of irritability
irrespective of diagnosis found an association between irritability and response to the
intensity of happy but not fearful or angry faces (see the online data supplement). Thus,
these results suggest that in order to best capture the pathophysiology of irritability, it is
necessary to consider both symptom measures and diagnosis.

Our results have potential treatment implications. The adverse effects of many new
treatments (e.g., novel medications, brain stimulation) limit their use in children. Hence, it
is particularly important to test noninvasive computer-based cognitive training techniques in
children. Such techniques are developed by identifying perturbed psychological functions
in a disorder, characterizing their associated neural correlates, and designing training
regimens to alter symptoms and their associated neurocognitive correlates simultaneously.
For example, attention bias modification treatment for anxiety disorders gained traction
when investigators identified alterations in the engagement of threat circuitry in anxious
patients (20, 21); the present results delineate a parallel path for novel treatments in
irritability.

Specifically, in this and previous studies, irritable youths showed face emotion labeling
deficits (1-7) and associated perturbations in underlying neural circuitry (8-10). These
deficits motivated the creation of cognitive training protocols designed to ameliorate the
specific tendency of irritable youths to interpret rapidly presented ambiguous faces as angry
(22). In these training protocols, youths receive positive feedback for rating ambiguous
faces on the happy-angry continuum as happy rather than angry. Such training shifts the
patient’s judgment and was found to be associated with decreased irritability and anger

in a double-blind controlled trial in youths at high risk for criminal offending (23) and in

an open trial of youths with DMDD (22). These clinical findings in irritable youths are
consistent with the DMDD-related dysfunction we found in the present study. In response
to ambiguous faces, associations between irritability and neural activity differed between
the DMDD and bipolar disorder groups in the amygdala, superior temporal sulcus, frontal
pole, and lingual gyrus, all components of the ventral visual processing stream. In these
regions, we found associations between neural activity in response to ambiguous angry faces
and irritability in the DMDD group but not the bipolar disorder group. This suggests that
training designed to normalize a tendency to interpret ambiguous faces as angry might be
effective in DMDD, consistent with the existing data, but not in bipolar disorder. However,
because of the lack of behavioral differences in this particular study, this conclusion should
be considered tentative; further research will be needed to confirm it.

This study has several limitations. First, although it included data from three diagnostic
groups, there were relatively few participants (Ns ranging from 22 to 25) in each group.
These sample sizes are comparable to those of other fMRI studies on pediatric bipolar
disorder (mean=19, SD=6.8) in a recent meta-analysis (24), with Ns ranging from 10 to
32 participants. However, the results will need to be replicated with larger samples, which
would also afford better coverage across the entire irritability dimension.

Second, psychotropic medication usage was very high, particularly in the bipolar disorder
group, which could potentially affect results. Of note, when covarying number of
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medications, excluding individuals on each class of medications or including only the
medication-free participants in the DMDD group (N=10; all but three youths in the bipolar
disorder group were on medications), the results still stood (see the online data supplement).
This decreases the likelihood that the results were primarily driven by medication usage,
although definitive evidence would have to be drawn from a sample of medication-naive
individuals with bipolar disorder and DMDD, which, given the high rates of medication
usage, would be a challenge to recruit.

Third, among participants included in the imaging analyses, the groups did not differ
significantly in emation labeling accuracy, nor was accuracy related to irritability, unlike

in previous behavioral studies (1-6). However, in order to obtain a robust estimate of brain
activation, we included only those youths who had at least 62 time points in each condition
after removing incorrect trials and censoring. In contrast, previous behavioral studies did not
exclude participants for low accuracy. Indeed, when we included participants who had been
excluded for insufficient data in each of the conditions (in part for poor performance), we
found impaired emotion labeling ability in DMDD, consistent with previous studies (1-6).

CONCLUSIONS

This study lays the foundation for future studies by examining irritability across a range of
clinical presentations. The results support different neural correlates of irritability in DMDD
and bipolar disorder and have implications for treatment. Future studies investigating other
transdiagnostic symptom dimensions, such as anxiety or depression symptoms, could use
this integrated approach to better identify mechanisms of symptoms.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A. Trial Structure
Fixation cross
(mean=1800 ms, range=500-7000 ms)

B. Sample Face Stimuli
0%

(neutral) 50% 75%

+

Happy

Face presented (2000 ms)
Angry

Fearful

Participant responds via button press (2000 ms)

1-Angry : 3—-Happy

2—Fearful 4—Neutral

FIGURE 1. Schematic of the Face Emotion L abeling Task®
@ Panel A shows screenshots from a sample trial. Fixation cross timing varies across trials,

and each set of timings was unique to each participant. Panel B presents an example
of stimuli from one actor. Emotion faces were morphed with neutral to create varying
intensities of emotion.
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Angry
=
0% 50% 75% 100%
p=0.03
0% 50% 75% 100%
.
0% 50% 75% 100%
Intensity

FIGURE 2. Variable Association Between Irritability and Amygdala Response, Depending on
Diagnostic Group and Stimulus Char acteristics (Face Emotion and I ntensity of Emotion)2

@ Panel A shows brain images presented in sagittal, axial, and coronal sections, in
radiological orientation (right=Ileft) with the threshold set at a whole-brain-corrected false
probability rate of p<0.05. The graphs in panel B show the predicted left amygdala cluster
activation based on selected levels of irritability to illustrate significant group-by-irritability-
by-emotion-by-intensity interaction identified at the whole brain level, with intensity
modeled cubically. Irritability was used as a continuous variable in the analyses, but for
illustrative purposes, selected irritability levels are shown in the plots (low=0 [~1 SD below

Am J Psychiatry. Author manuscript; available in PMC 2024 June 23.
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the mean], mean=3.4, severe=6.4 [~1 SD above the mean], very severe=12 [maximum

of scale]). The plots were created using SPSS’s GLM graphing module. False-discovery-
rate-corrected post hoc analyses examined the association between irritability and intensity
levels modeled cubically for each emotion of each group. Plots for nonsignificant post hoc
analyses (p values >0.05 not shown) display amygdala response across intensity levels at the
mean irritability level. DMDD=disruptive mood dysregulation disorder.

Am J Psychiatry. Author manuscript; available in PMC 2024 June 23.



Page 15

Wiggins et al.

08y 4% 2'6¢ L sjue|nwng

0oy 0T L'y 0T sjuessadapnuy
009 qT L'16 [44 suoneatpau d1doioyahsd

§'lE 6 1

S'¢9 1 |
adA1 Jejodig

0'GL 8T olwAYyINg

00 0 paxIA

8'0¢ S oluewodAH

00 0 JIUBIA

00 0 47 T passaidag
% N % N ueds Joawl) Jearels poo N
29 S9 2103s 8]eds Buney eiuen BunoA
0€ S9 6'¢ L'L (3Inpe) a103s uoissaidag
Sy 374 L9 9.2 (P11yo) 21035 uoissaida@
86 999 60T 067 2109s Butuonouny [eqoj
96 L'8T 811 e T8 ¥'9 31025 AlpIXuy
e 6% €e 124 €1 60 21098 Aj1qet
0¢t 11T 8'6 TTTT 00T TETT o]]
6'TT Lel €Tl L'0L €01 g€l (%) Aoeinage ysel
v'e £a1 Le §'9T 8¢ eat (sseak) aby

as ues N as ues N as ues N
oor 07 €'¢ee 8 Rc14 0T slewa
% N % N % N

(Gz=N) dnous aawa (#z=N) dnoio seplosig rejodig

(2z=N) dnou AyieeH

edIS1BIE YD

Japlosig Jejodig pue (@ana)

JapJlosig uonenbaisAg poolN aandnisia ul Aljigeili] Jo saleallo) [ednaN ayl Jo Apms e ul siuedidned Jo sonsiis1oeIey) [ealul)d pue aiydeibowaq

Author Manuscript

‘T31avl

Author Manuscript

Author Manuscript

Author Manuscript

Am J Psychiatry. Author manuscript; available in PMC 2024 June 23.



Page 16

t al.

iggins e

W

'sdnoJf oMy asay) UsaMIaQ SBIUBIBYHP OU BSIMIBYI0 (G0 0>d) sdnoif Japlosip Jejodig pue QNG Y} Usamiag adusIaip Eﬁu_tcm_mQ

"1apJosip AAnoeladAy 1191yep uonusNe=aHAYV "€=N ‘sbunel Buiuonouny jeqolb ‘=N ‘sbunes Avixue :dnoib aana ays 4oy :G=N ‘sbuires Buiuonouny feqolb :dno.b saplosip Jejodiq

a1 oy ‘g=N ‘sbunes A1aixue :dnoib Ayyjeay Joy erep Buissin (QANQ YUM dnoy ‘1apaosip Jejodig Ym SYINOA UsAas—@T JaA0 SUINOA 01 palalsiulwpe) SI1apIosi aAI10a))Y [euoseas—a[eds Buirey uoissaidaq
uo}|IWeH ay} 1o} apINS) MaIAIBIU| PaINIdNJIS SU) UO 8109S Y} SI 8109S UoIssaldap 1npe ay) pue ‘Papnjoxa swiall ANjIgeIiil ay) Yyim ‘(8T Japun syinoA 01 palsisiulwpe) ajeas Buney uoissaidaq s,uaipliyd

3 U0 21098 3} SI 3109s Uoissaldap pIyo ayL "BuIuoIOUNS JO JUBWISSSSY [CO[S) Y} JO 3[BIS JUSLISSASSY [eqo]9) S, UBIP|IYD dY) U0 34093 8y S 2409s Buluonouny [eqoyf ay L ‘siaplosiq palejay-AleIxuy
pIYD Joj usaIds 8yl uo sbures Lodal-pIyd pue -Juaied Jo Ueaw sy} SI 8109s AJ8IXUR aU | “Xapu] AlIAIORSY a8y 8yl uo sBuljel 1iodal-pliyo pue -juated Jo ueaw ayl SI 8109s AjIgeILI mﬁw

0'95 vT 414 0t aHav
00 0 44 T J9pJosIp SSaJ1s d17eWwneNsod
00 0 €8 4 13pJosIp aAIS|NdW02-aAISS8SqO
(1724 T 2'6¢ L J1apJosIp A1BIXuUe pazijesauss)
0’8 14 €8 4 Japlosip AlaIxue [e190S
0¢T € €8 14 elgoyd oiy10ads/ajdwis
(1074 T €8 14 Japlosip A1aixue uolesedss
0’8y 45 0'0s 49 S19pJosIp AlBIXUY
00 0 €8 14 JapJosip juelap [euonisoddo
0¢T € 00 0 J19pJosip anissaidap Joley
% N % N AlpIgJowoo awipyi

o1 91 VT ze Qmm:_u a1donoyaAsd [elol
0 70 90 11T Qmo_uocu\?g:cm [ea1dAry
70 20 60 80 Qmo_am__%:c‘q
90 ¥'0 90 v'0 sBnip QHQV-Nue JuejNWISUON
S0 S0 90 €0 sjuenwng
S0 70 L0 S0 syuessaldapnuy
as ues N as ues |\ suoljedIpaW JO ,BquinN
09T v g8 12 Qmo:oco\?%cm [eaidAyy
091 v £'8s vT gsondayidenuy
0'8¢ L €ee 8 sbnip HQV-1Hue JUBINWASUON

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

PMC 2024 June 23.

in

available

Am J Psychiatry. Author manuscript



Page 17

Wiggins et al.

snJAB [enuadlsod 6€ 9¢- Pv¢- GTI'8 €9
snUAB |esusoaid 14 9€  6I- TIE 8.9 29
snauna ‘sniAb auiiedjed 8T 174 T.- TI- 0€9 99
snIAG [endiooo osdnselppIN- 8T T2 6/~ 61— 028 19
wnjjagaisd 6e- ¥S- 9y  €9€C 122
uonounl jendiodo-osodwa) 1€ 1T 99- 9% 169 18
SnIAB [esodwia) a1ppIA 6T  ¥T  T9- 1€~ OCEl 9
SnIAB [enuslsod €'y vy vI- 15— 196 0€T
snJAB [esodwiay Joliajul ‘wioysnH 1€ 9T- ¥G- Of ¥6'9T TET
sndwesoddiy/ejepbAwy TI- 1T 9¢- 267¢CT 0T
wnjsgai’d 18- 6v—- T¢ €9°0¢ VLT
snuiejey T 91- 1- SL'6 8.T
uawelnd ‘snajonu ayepned 9 6T 9 VASK] 28T
snAB suLieded ‘snaund 1€ v 69— T2 861 06T
wnnasado o1puejoy/sniAb [esodway Jotedns €T ‘T 6T 9z- ¥9 L1121 €99
SnIAB
[eutbreweldns ‘snojns [esodway Joladns JoLRISOd 22 ‘ST ¥-  TZ-  9v—  LTWC 06.
snuAB [enbuil ‘syenBuid ‘snsundaid  9'8T ‘L T9  9g- v—  OV'¥E 09.°C
(Aj1eoneipenb pajapow) Ansusiul Ag uonows Aq Aujigeiis Aq dnoib onsoubelq
SnIAB [enus0lsod ov 65 vr— ¥E€ 699 oy
X809 [ejuouga1d [essye] o 6 9¢ 114 06'9 Sy
snIAB jenbui 0 9 vS- 61— 0.8 Ly
elepbAwy ’/U T1- - 61— €£€6 €9
snojns [elodwisy Jolisdng Ty 'zz  TT 92— 19—  0SHT SL
ajod [eloduwa 8¢ Te- 61 1€ 8CTI 8
uonoun( reydid20-[esoried-osodwa 1€ T %9~ 9~ 669 8zT
uonoun( jelsred-osodway/snopns esodws) Joadns J0118)S0d cT 14 9r- € 6T'CT 00€

(A1rea1gna pajapow) Ansusiul Aq uonows Aq Aupigeinis Aq dnoab onsoubelq

uoiBey vd z A X (GTL'v=p) 4 b

218p1os1q Jejodig pue JapJiosiq uone nbaisAg pooN aAndnisiq ul AljigelL| JO S81e|a1I00) [e4naN 8yl 40 APNIS e Ul S)nsay ureig sJoyAA [euonippy

‘¢31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Am J Psychiatry. Author manuscript; available in PMC 2024 June 23.



Page 18

Wiggins et al.

"U011991409 Jayye JurdiubIS sasAjeue 20y 1sod yum ‘A|eaigna pajapow ‘uonoaelaiul AJsusiul-Ag-uonows-Ag-Aigeiui-Ag-dnolb ansoubelp ayi ui jueol
pue sabew ure.q 1oy Juawa|ddns elep auljuo ay) ul GS—zS sainbi4 pue g ainbi4 9as 'G0'0>d Jo pjoysaly) A

Author Manuscript

B1s s121sn]9 o siojd

eqoud aAnIsod as|e} pa3oali0d-ureld-ajoym e e Jue 1S SJBISN|D "eale s, ULeWwpoIg=ve,

X3H09 [eyuougaid [eIpaN ) 14 67 14 T0°0T ti%
snIAB |edicuo pIN o 9 65 T 90'6 €5
olod jesodwar ¥ 6T- 6T I€  OTTI S

(Ajreaun) pajapow) Alisusiul Aq uonowsa Agq Aujigeist Ag dnolb ansoubelq
snAB jenquosousdns sz 9T- T2 6- 8T8 14
wnjjeqaied 91- T/- 91— 9TL 4
SIWIBA Jej|agalad Te- 99— T1I- G9'8 ¢S

uoiBey vd z A X (STL'v=p) 4 A

Author Manuscript Author Manuscript Author Manuscript

Am J Psychiatry. Author manuscript; available in PMC 2024 June 23.



	Abstract
	METHOD
	Participants
	Face Emotion Labeling Task
	Irritability Measure
	Behavioral Data Analysis
	fMRI Data Analysis
	Individual-level models.
	Group-level models.


	RESULTS
	Behavior
	Brain Function
	Additional Analyses

	DISCUSSION
	CONCLUSIONS
	References
	FIGURE 1.
	FIGURE 2.
	TABLE 1.
	TABLE 2.

