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ABSTRACT

BACKGROUND: Disruptive behaviors are prevalent in children with autism spectrum disorder (ASD) and often cause
substantial impairments. However, the underlying neural mechanisms of disruptive behaviors remain poorly under-
stood in ASD. In children without ASD, disruptive behavior is associated with amygdala hyperactivity and reduced
connectivity with the ventrolateral prefrontal cortex (vVIPFC). This study examined amygdala reactivity and connectivity
in children with ASD with and without co-occurring disruptive behavior disorders. We also investigated differential
contributions of externalizing behaviors and callous-unemotional traits to variance in amygdala connectivity and
reactivity.

METHODS: This cross-sectional study involved behavioral assessments and neuroimaging in three groups of
children 8 to 16 years of age: 18 children had ASD and disruptive behavior, 20 children had ASD without
disruptive behavior, and 19 children were typically developing control participants matched for age, gender, and
IQ. During functional magnetic resonance imaging, participants completed an emotion perception task of fearful
versus calm faces. Task-specific changes in amygdala reactivity and connectivity were examined using whole-
brain, psychophysiological interaction, and multiple regression analyses.

RESULTS: Children with ASD and disruptive behavior showed reduced amygdala—vIPFC connectivity compared with
children with ASD without disruptive behavior. Externalizing behaviors and callous-unemotional traits were
associated with amygdala reactivity to fearful faces in children with ASD after controlling for suppressor effects.
CONCLUSIONS: Reduced amygdala-vIPFC connectivity during fear processing may differentiate children with ASD
and disruptive behavior from children with ASD without disruptive behavior. The presence of callous-unemotional
traits may have implications for identifying differential patterns of amygdala activity associated with increased risk
of aggression in ASD. These findings suggest a neural mechanism of emotion dysregulation associated with
disruptive behavior in children with ASD.
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Disruptive behaviors such as anger and/or irritability, aggres-
sion, and noncompliance are common and impairing among
children with autism spectrum disorder (ASD) (1,2). Co-
occurrence of ASD with disruptive behavior disorders
(DBDs), including oppositional defiant disorder and conduct
disorder, is estimated at 28% (3), and more than 50% of
children with ASD exhibit clinically significant levels of
disruptive behaviors (4) that are a primary reason for referral to
psychiatric services (5). While neuroimaging studies have
investigated the neural underpinnings of disruptive behaviors
in youths without ASD (6), similar types of studies are lagging,
and the neural mechanisms of disruptive behaviors remain
poorly understood in ASD.

Studies of children with DBDs indicate hyperactive circuitry
of emotional reactivity paired with reduced activity in prefrontal

regulatory circuits (7), particularly increased amygdala reac-
tivity (8-10) and reduced prefrontal response to emotional
stimuli (11-14). Of relevance to this study, reduced connec-
tivity between the amygdala and prefrontal regions implicated
in the cognitive control of emotion (15,16), such as the
ventromedial and ventrolateral prefrontal cortices (vmPFC and
VIPFC, respectively), was reported during emotional perception
tasks in children with DBDs (11,14). The emotion dysregulation
model of disruptive behavior, therefore, suggests abnormal
reactivity in the circuitry of experience and regulation of
emotions (17); specifically, amygdala hyperactivity and
reduced connectivity with the ventral prefrontal cortex (18).
Similarly, emotion dysregulation in ASD (19,20) can be asso-
ciated with reduced amygdala connectivity with the vIPFC (21)
and vmPFC (22) during emotional face perception tasks.
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However, no study to date has investigated patterns of
amygdala connectivity and reactivity that differentiate children
with ASD with and without disruptive behavior. A better un-
derstanding of the underlying neural mechanisms of disruptive
behaviors in ASD may also contribute to the development of
neuromarkers that can inform clinical interventions. Therefore,
this study sought to examine shared and distinct neural sig-
natures of emotional face perception in samples of children
with ASD with and without co-occurring DBDs to probe
amygdala reactivity and connectivity with prefrontal regions.

In children with DBDs, the presence of callous-unemotional
(CU) traits, defined by a lack of guilt, empathy, or remorse, can
be associated with higher levels of aggressive and antisocial
behaviors (23). Children with ASD can also exhibit elevated
levels of CU traits relative to typically developing children
(24-27) and impaired recognition of distress cues common to
children with DBDs plus CU traits (28,29). The association of
disruptive behavior with amygdala reactivity to emotional faces
can also be moderated by the presence of CU traits; specif-
ically, aggressive behavior in children with DBDs with CU traits
is linked with amygdala hypoactivity in response to fearful
facial expressions (11,30-32). Amygdala hypoactivity to soci-
oemotional cues, including faces, is also well documented in
ASD (33-37) and was shown to be a shared neural profile in
both children with ASD and children with DBDs with CU traits
(25). However, amygdala hyperactivity during emotional face
perception is also reported in ASD (37-41), which may indicate
heightened sensitivity to threat. Given that CU traits and
disruptive behaviors such as emotionally driven aggression
can have differential associations with amygdala reactivity to
fearful faces (i.e., amygdala reactivity to fear is negatively
associated with CU traits and positively associated with
disruptive behaviors) (42,43), it is important to account for
suppressor effects, which can mask the unique contribution of
each predictor variable to the dependent variable. Therefore,
including predictor variables that are correlated with each other
in the same regression model enhances the association of one
or both of the predictors with the dependent variable (44,45).
However, an understanding of differential patterns of amygdala
reactivity based on the presence of CU traits and disruptive
behaviors has not been tested in children with ASD.

To our knowledge, this study is the first to use functional
magnetic resonance imaging (fMRI) with categorical and
dimensional approaches to investigate shared and distinct
neural profiles of amygdala connectivity and reactivity as a
possible mechanism of disruptive behaviors in well-
characterized samples of children with ASD with and without
co-occurring DBDs. We used an emotional face perception
task of fearful expressions to allow comparison with prior fMRI
work in non-ASD youths with DBDs (10,30,43) and because
fearful expressions signal potential threat in the environment
that preferentially engages the amygdala relative to other re-
gions (46). Our first aim was to examine differential patterns of
amygdala—prefrontal connectivity comparing three groups:
subjects with ASD and disruptive behavior (ASD+DB), sub-
jects with ASD without disruptive behavior (ASD-only), and
typically developing (TD) control participants. Based on prior
work (11,13,14), we hypothesized that the ASD+DB group
would show reduced connectivity between the amygdala and
ventral prefrontal regions when viewing fearful versus calm
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faces compared with that of the ASD-only and TD groups. We
then examined the association between amygdala—prefrontal
connectivity and parent ratings of disruptive behaviors using
the Child Behavior Checklist (CBCL) (47) Externalizing
Behavior Problems scale and CU traits using the Inventory of
Callous-Unemotional Traits (ICU) (48) modeled as dimensional
variables in children with ASD. Based on previous fMRI studies
in children with DBDs (42,43), we expected that after control-
ling for suppressor effects between externalizing behavior
problems and CU traits, these variables would emerge as
significant predictors of amygdala—prefrontal connectivity in
ASD. Our second aim was to investigate amygdala reactivity
and its association with CBCL externalizing behavior problems
and CU traits. We predicted that the ASD+DB group would
show greater amygdala response relative to the ASDwoBD and
TD groups. We then examined the association between
amygdala reactivity and CBCL externalizing behavior problems
and CU traits in ASD. Prior studies of non-ASD youths with
conduct problems (42,43) informed our hypothesis that after
controlling for suppressor effects between externalizing
behavior and CU traits, the variance associated with these two
variables would differentially predict amygdala reactivity to
fearful faces.

METHODS AND MATERIALS

Participants

Three groups of children 8 to 16 years of age were included: 18
children with ASD+DB; 20 children with ASD-only; and 19 TD
healthy control participants matched for age, gender, and IQ.
Participants with ASD had a DSM-5-defined ASD diagnosis
confirmed with the Autism Diagnostic Interview—Revised (49) and
Autism Diagnostic Observation Schedule, second edition (ADOS-
2) (50). Table 1 shows demographic and clinical characterization
data. Details regarding participant inclusion and exclusion are
provided in the Supplement. To recruit a representative group of
children with ASD and aggression, common co-occurring psy-
chiatric diagnoses (e.g., attention-deficit/hyperactivity disorder,
anxiety disorders) and treatment with psychotropic medications
were not used as exclusion criteria. However, given that psycho-
tropic medication may influence functional brain connectivity (51),
we examined the effects of medication status in a separate post
hoc analysis (see Supplement).

Participants with ASD were recruited from the Yale Child
Study Center Autism Program. Healthy control participants
were recruited from the community via advertisements. Each
participant’s parent provided informed consent according to
specifications by the institutional review board at the Yale
University School of Medicine. Each child provided assent.

Clinical Assessment

Children received a comprehensive diagnostic evaluation that
included the Schedule for Affective Disorders and Schizo-
phrenia for School-Age Children—Present and Lifetime Version
(52). Parents also completed the ICU (48) and the CBCL (47).
The CBCL externalizing behavior scores were used to assess
levels of disruptive behaviors, such as aggression, in analyses.
Additional clinical assessments and measures are described in
the Supplement.
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Table 1. Participant Demographics and Clinical Characteristics

ASD+DB ASD-only TD

Variable (n=18) (n =20) n=19 p Value
Age, Years, Mean (SD) 12.7 (2.0) 12.6 (2.1) 12.9 (2.2) .895
Male, % 88.9 80.0 73.7 501
IQ%, Mean (SD) 104.4 (15.4) 104.3 (19.1) 112.8 (10.8) .168
Race, % .264

White 77.8 95.0 68.4

Black 111 0 211

Asian/Pacific Islander 5.6 0 0

Other/>1 race 5.6 5 105
Ethnicity, % .593

Hispanic 5.6 5 0

Non-Hispanic 94.4 95 100
CBCL Aggression T Score, Mean (SD) 73.6 (9.1) 50.7 (1.3) 51.2 (3.0) <.001P¢
CBCL Externalizing T Score, Mean (SD) 69.3 (5.8) 449 (7.1) 41.1 (7.8) <.001P¢
CBCL Internalizing T Score, Mean (SD) 67.1 (8.6) 54.3 (6.9) 43.1 (6.5) <.001°9
ICU Total Score, Mean (SD) 31.2 (10.5) 22.5 (10.7) 14.3 (6.7) <.001°<
ADOS-2 Module 3 Total Score, Mean (SD) 15.7 (3.8) 13.8 (6.1) .263

Social Affect subscale score, mean (SD) 11.9 3.2) 10.0 (3.5) .086

Restricted and Repetitive Behaviors subscale score, mean (SD) 3.78 (1.3) 3.80 (4.2) .983
ADI-R Subscale Scores, Mean (SD)

Social interaction 19.3 (5.2) 18.6 (4.3) .670

Communication 15.2 (3.2) 14.8 (4.1) 727
Primary Comorbid Diagnosis (K-SADS), %

Oppositional defiant disorder 100 0 <.001?

Attention-deficit/hyperactivity disorder 83.3 35 .003°

Anxiety disorder 27.8 0 .011°
Currently Taking Medication, % 66.7 20 .004°
Type of Medication, %

Stimulant 33.3 10

Antidepressant 27.8 10

Neuroleptic 222 0

Nonstimulant 22.2 10

Mood stabilizer 16.7 0

Benzodiazepine 11.1 0

ASD+DB, autism spectrum disorder with co-occurring disruptive behavior disorder; ASD-only, autism spectrum disorder (without disruptive
behavior); ADI-R, Autism Diagnostic Interview—Revised; ADOS-2, Autism Diagnostic Observation Schedule, second edition; CBCL, Child
Behavior Checklist; ICU, Inventory of Callous-Unemotional Traits; K-SADS, Schedule for Affective Disorders and Schizophrenia for School-Age
Children; TD, typically developing.

@Full-scale 1Q measured by the Wechsler Abbreviated Scale of Intelligence.

bSignificant group differences at p < .05, Bonferroni corrected, except for %2 test for categorical variables.

°ASD+DB > ASD-only; ASD+DB > TD.

9ASD+DB > ASD-only; ASD+DB > TD; ASD-only > TD.

Experimental Paradigm

Children underwent a block design fMRI task where they
viewed emotionally expressive faces from the NimStim face
stimulus set (53) that depicted fearful or calm expressions
with an equal number of male and female faces (see
Supplement for details). Participants were instructed to
perform a gender identification task. To examine amygdala
reactivity, we used fearful versus calm faces as the contrast
of interest. Additional task details are also reported elsewhere
(54). Prior to the fMRI session, a mock scanner was used to
acclimate participants to the scanning environment (see
Supplement).
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Imaging Acquisition/Preprocessing

fMRI data were collected using a Siemens MAGNETOM Tim
Trio 3T scanner (Siemens, Erlangen, Germany). More detail
regarding data acquisition and preprocessing is provided in the
Supplement. No between-group differences were observed in
mean head motion detected during the functional scan
(Supplemental Table S1).

Psychophysiological Interaction Analysis

Our primary aim was to test differential patterns of amygdala—
prefrontal coupling comparing ASD+DB, ASD-only, and TD
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groups. Thus, we conducted a psychophysiological interaction
(PPI) analysis (55) to measure changes in connectivity modu-
lated by fear processing. Whole-brain PPI tests were con-
ducted for the fearful versus calm contrast of interest to
examine connectivity between the structurally defined left and
right amygdala region of interest (ROI) and the rest of the brain.
We did not have a priori hypotheses regarding a specific
hemisphere, and therefore a single analysis was conducted for
both the right and left amygdala. A detailed description of the
PPl analysis is provided in the Supplement. We created a
general linear model that included four regressors: psycho-
logical (task), physiological (amygdala ROI time series), PPI,
and nuisance (six motion parameters).

To assess the differential contributions of disruptive
behavior problems (CBCL externalizing behavior scores) and
CU traits (ICU scores) to the strength of amygdala connectivity
from regions identified in the PPI analysis, we conducted a
multiple regression analysis in SPSS version 24 (IBM Corp.,
Armonk, NY) restricted to the ASD groups (n = 38). FSL
Featquery was used to extract B coefficients for each subject
of the mean parameter estimate values for the contrast of in-
terest (fearful vs. calm) from ventral prefrontal regions that were
identified in the PPI analysis. Externalizing behaviors and CU
traits were modeled as continuous variables to identify the
contributions of each variable (42,43,56). To test whether so-
cial deficits conferred by ASD contribute to the variance in
amygdala—prefrontal connectivity, we conducted a separate
exploratory analysis including the social affect scores from the
ADOS-2 in the last step of the regression model. We repeated
the same exploratory analysis to test whether internalizing
symptoms, which commonly co-occur with disruptive behavior
in children with ASD, are associated with amygdala—prefrontal
connectivity by entering the CBCL internalizing score in the
last step of the regression model.

General Linear Model fMRI Data Analysis

Our second aim was to interrogate the role of amygdala
reactivity to fearful versus calm faces between the three
groups and its association with CBCL externalizing behaviors
and CU traits in children with ASD. We conducted a whole-
brain analysis to develop B coefficients to conduct an ROI
analysis to test between-group differences in amygdala reac-
tivity and explore patterns of activity in other areas with no a
priori hypotheses. We extracted P coefficients for the right and
left amygdala to focus our analyses on this region, because it
might be advantageous to understand any lateralization effects
and a recent meta-analysis showed reduced activity of the
bilateral amygdala in conduct disorders (6). A general linear
model analysis that included the three groups was conducted
for the fearful versus calm comparison on regional activation
plus six motion parameters as covariates of no interest. Details
regarding fMRI data analysis are described in the Supplement.

To assess the differential contributions of externalizing
behavior scores and CU traits to amygdala reactivity to fearful
versus calm faces, we conducted a multiple regression anal-
ysis in SPSS version 24 restricted to ASD groups (n = 38).
Featquery was used to extract P coefficients of the mean
parameter estimate values for the contrast fearful > calm using
a bilateral amygdala anatomical ROl mask from the Harvard—
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Oxford Structural Atlas in FSL, which were then entered into
a multiple regression analysis. To test whether social deficits in
ASD contribute to the variance in amygdala reactivity, we
conducted a separate exploratory analysis including the social
affect scores from the ADOS-2 in the last step of the regres-
sion model. We repeated the same exploratory analysis to test
whether internalizing symptoms are associated with amygdala
reactivity by entering the CBCL internalizing score in the last
step of the regression model. We report data from the amyg-
dala ROI in the main text. For completeness, we report results
from the exploratory whole-brain analyses in the Supplement.
Behavioral results are reported in the Supplement.

RESULTS

Amygdala Functional Connectivity

Our hypotheses centered on connectivity between the amyg-
dala and ventral prefrontal regions implicated in emotion
regulation circuitry in children with ASD. Therefore, we first
examined between-group differences in amygdala—prefrontal
connectivity. The PPl contrast revealed that children with
ASD+DB showed reduced connectivity between the amygdala
and right vIPFC relative to children with ASD when viewing
faces with fearful versus calm expressions (Figures 1 and 2).
Reduced amygdala connectivity was also observed in the left
middle frontal gyrus, right inferior frontal gyrus, parietal lobules,
and subcortical regions including the right globus pallidus,
which extended to the thalamus, caudate, and insula. Peak
coordinates are reported in the Supplement. There were no
areas that showed greater connectivity with the amygdala for
the ASD+DB versus ASD-only contrast. Relative to the TD
group, children with ASD+DB showed reduced connectivity
between the amygdala and middle temporal gyrus and be-
tween the amygdala and a cluster in the precuneus that
extended to the superior parietal cortex (Figure 3). No signifi-
cant differences in connectivity were found for the reverse
contrast (ASD+DB vs. TD).

Next, we assessed the relationship between amygdala
connectivity and parent-rated measures of externalizing be-
haviors and CU traits across ASD groups (n = 38) while con-
trolling for possible suppressor effects between these
variables. Consistent with the definition of suppressor effects
(44,45), CBCL externalizing problem scores and ICU total
scores were correlated with each other (r = .53, p < .01).
Bivariate correlations between each of these variables and
amygdala-vIPFC connectivity were not significant (for CBCL
externalizing behavior score: r = —.317, p = .053; for ICU total
score: r = .018, p = .912). However, results of a regression
analysis revealed that externalizing problems, after we
controlled for CU traits, negatively predicted amygdala—-vIPFC
connectivity (p = .015) (Figure 4 and Table 2). Additionally, CU
traits did not significantly predict amygdala—-vIPFC connectivity
after controlling for externalizing problems (p = .132). As an
exploratory analysis, including the ADOS-2 social affect score
could not explain these effects (R? change = .003), and this
variable did not make a significant independent contribution to
the variance in amygdala—vIPFC connectivity (p = .74). A
separate exploratory analysis including CBCL internalizing
problems scores also could not explain these effects (R?
change = .09) and did not make a significant independent
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contribution to the variance in amygdala—vIPFC connectivity
(p = .054).

Amygdala Activation to Fearful Versus Calm Faces

We tested whether amygdala reactivity to fearful versus calm
faces was associated with CBCL externalizing behavior
problems and CU traits. First, B coefficients of amygdala
activation to fearful versus calm faces were extracted using an
anatomical ROl mask in Featquery. Results of a one-way
analysis of variance conducted in SPSS revealed no signifi-
cant differences in amygdala response to fearful versus calm
faces between groups (ASD+DB vs. ASD-only vs. TD) in the
right hemisphere (F254 = 0.205, p = .815) or left hemisphere
(F2,54 = 0.579, p = .564) (see Supplement).

Next, amygdala B coefficients were used to conduct a
regression analysis in SPSS restricted to children with ASD
(n = 38) to examine the relationship between externalizing
behaviors and CU traits in predicting amygdala reactivity to
fearful faces. Bivariate correlations between CBCL external-
izing problems, CU traits, and amygdala response were not
significant for the right hemisphere (for CBCL externalizing

Amygdala-Prefrontal Coupling in ASD and Aggression

Biological
Psychiatry:
CNNI

Figure 1. Reduced levels of connectivity with the
amygdala (inset) were observed for children with
autism spectrum disorder (ASD) with co-occurring
disruptive behavior disorders (ASD+DB group) in a
region of the right ventrolateral prefrontal cortex
(VIPFC) compared with children with ASD without co-
occurring disruptive behaviors (ASD group) when
viewing fearful vs. calm faces (z > 2.3, p < .05). The
figure shows psychophysiological interaction results
for the contrast ASD > ASD+DB. L, left; R, right.

problems score: r = .113, p = .501; for ICU total score:
r = —.265, p = .108) or the left hemisphere (for CBCL exter-
nalizing problems: r = .096, p = .567; for ICU total score:
r=—.277, p = .092). However, results from a multiple regres-
sion analysis within the right amygdala showed suppressor
effects between externalizing problems and CU traits
(Figure 5): that is, externalizing problems positively predicted
right amygdala response after controlling for CU traits (p =
.046), while CU traits negatively predicted right amygdala
response after controlling for externalizing problems (p = .014)
(Table 3). For the left amygdala, externalizing problems did not
significantly predict amygdala response after controlling for CU
traits (p = .055), while CU traits negatively predicted amygdala
response after controlling for externalizing problems (p = .013).
As an exploratory analysis, including the ADOS-2 social affect
score could not explain these effects for the right (R change =
.017) or left (R? change = .039) amygdala, and the score did not
make significant independent contributions to the variance in
response for the right (p = .404) or left (p = .207) amygdala. A
separate exploratory regression analysis including CBCL
internalizing problems scores could not explain these effects

Figure 2. Mean B coefficients for the right
ventrolateral prefrontal cortex (vIPFC) cluster
observed in the psychophysiological interaction
analysis (left panel) are shown for descriptive pur-
poses (right panel). Children with autism spectrum
disorder (ASD) and co-occurring disruptive behav-
iors (ASD+DB group) showed reduced amygdala—
VIPFC connectivity relative to children with ASD
without disruptive behaviors (ASD group) for the

Mean Beta Coefficient

RightvIPFC
(56 36-2)

ASD+DB ASD

fearful vs. calm contrast. Standard error is repre-
sented in error bars. *p < .05. TD, typically devel-
oping group.

™D
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Superior Parietal Cortex

Figure 3. Children with autism spectrum disorder with co-occurring disruptive behavior disorders showed reduced amygdala connectivity (z > 2.3, p < .05)
with the parietal cortex relative to that of typically developing children for the fearful vs. calm contrast. Rendered brains show psychophysiological interaction
results for the contrast typically developing > autism spectrum disorder with co-occurring disruptive behavior disorders. L, left; MTG, middle temporal gyrus;

R, right.

for the right amygdala (R® change = .001) or the left amygdala
(R? change = .001), and did not make significant independent
contributions to the variance in response for the right amyg-
dala (p = .847) or left amygdala (p = .814).

DISCUSSION

This study investigated distinct and shared patterns of
amygdala connectivity and reactivity in children with ASD with
and without co-occurring DBDs. To our knowledge, this is the
first study to examine amygdala—prefrontal connectivity and
amygdala reactivity in well-characterized samples of children
with ASD+DB and ASD-only. The primary aim of this study
was to test amygdala—prefrontal connectivity in children with

Amygdala-vIPFC Functional Connectivity
Standardized Residual

-3+

T T T T T
-2 -1 o 1 2

Externalizing Behaviors Standardized Residual

Figure 4. Results of a regression analysis for amygdala-ventrolateral
prefrontal cortex (VIPFC) connectivity in the combined sample of children
with autism spectrum disorder. The leverage plot shows the relationship
between the Child Behavior Checklist externalizing behavior score (x-axis)
with functional connectivity, quantified as the average bilateral amygdala
psychophysiological interaction B coefficient (y-axis) for the right vIPFC
(peak coordinates = 56, 36, —2) for the fearful vs. calm contrast after
accounting for the variance of callous-unemotional traits.

ASD+DB during a task of emotional face processing.
Consistent with our hypotheses, children with ASD+DB
showed reduced connectivity between the amygdala and the
right vIPFC compared with children with ASD-only. These
findings are in line with studies of non-ASD youths with DBDs
reporting reduced amygdala coupling with the ventral pre-
frontal cortex (11-14,32). Our findings of reduced amygdala—
VIPFC connectivity are also consistent with earlier studies of
children with ASD showing weaker amygdala connectivity with
the vmPFC (22,39,57) and vIPFC (21,58) during emotional face
perception tasks. Given that the top-down control of amygdala
reactivity to aversive or emotional stimuli is modulated by
coupling with the vmPFC (16,59-61) and vIPFC (15,62), our
finding of reduced amygdala—vIPFC connectivity in children
with ASD+DB suggests reduced cognitive control of reactions
to emotional stimuli that is consistent with the emotion dys-
regulation view of ASD (63) and pathophysiology of aggression
(17,18).

Children with ASD+DB also showed diminished connec-
tivity in regions of the posterior parietal cortex, which is
implicated in disruptive behavior, compared with that found in
the ASD-only and TD groups. However, we did not have a
priori hypotheses relevant to these regions. Children with
ASD+DB also showed reduced connectivity with fronto-
temporal regions relative to that of the ASD-only group (see
Supplement). Parietal regions implicated in memory and

Table 2. Multiple Regression Analysis for Amygdala-
Ventrolateral Prefrontal Cortex Functional Connectivity in
the Combined Sample of Children With Autism Spectrum
Disorder When Viewing Fearful Versus Calm Faces

Semipartial
Variable B (SE) B p Value r
Constant —0.029 (0.128)
CBCL Externalizing —0.012 (0.005) —.481 .015 -.397
Behaviors Score
ICU Total Score 0.008 (0.005) .290 132 .240

Model predicting amygdala-vIPFC connectivity: Fp35 = 3.278,
R? = .158, p = .05.

CBCL, Child Behavior Checklist; ICU, Inventory of Callous-
Unemotional Traits.
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Amygdala Response Standardized Residuals >

T T T T T
-2 -1 0 1 2

Callous-Unemotional Traits Standardized Residuals

Amygdala Response Standardized Residuals w

T T T T T
-2 -1 0 1 2

Externalizing Behaviors Standardized Residuals

Figure 5. Results of a regression analysis in the right amygdala across
the combined autism spectrum disorder group. The partial regression plots
show the associations between mean P coefficients extracted from the right
amygdala anatomical mask (y-axis) and (A) callous-unemotional traits and
(B) Child Behavior Checklist externalizing problems score after accounting
for the variance of the other variable.

attention are recruited during cognitive control processes
along with ventral prefrontal regions to modulate amygdala
reactivity (15,60,62). Reduced activation of parietal regions
during executive control tasks was associated with conduct
problems and aggressive behavior (7,25,64). Similarly, reduced
parietal cortex activity (65) and connectivity with the vIPFC (66)
was reported in individuals with ASD during both social
perception and executive functioning tasks. As such, the
recruitment of parietal regions may support adaptive
responding to threat and emotionally salient stimuli. Taken
together, it is possible that our findings of reduced connectivity
with the parietal cortex could reflect weaker modulation of
amygdala reactivity to negative emotional stimuli in children
with ASD+DB compared with that in ASD-only and TD groups.

Contrary to our predictions, however, there were no signif-
icant differences in amygdala-vIPFC connectivity between the
ASD+DB and TD groups. One possibility is that the emotional
face perception task did not elicit negative affect in TD children
and thereby required fewer neural resources of emotion
regulation circuitry. Another interpretation is that the task was
indeed successful in eliciting amygdala activation, and the
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Table 3. Multiple Regression Results Showing Externalizing
Behavior Problems and Callous-Unemotional Traits as
Predictors of Amygdala Response to Fearful Versus Calm
Faces in the Combined Autism Spectrum Disorder Group

Semipartial
Dependent Variable B (SE) B p Value r
Right Amygdala®
Constant 25.013 (13.134)
CBCL externalizing 0.999 (0.483) .386 .046 .318
behaviors score
ICU total score —1.399 (0.540) —.483 .014 —-.398
Left Amygdala®
Constant 25.0429 (12.011)
CBCL externalizing 0.878 (0.442) 371 .055 .306
behaviors score
ICU total score —1.288 (0.494) —.487 .013 —.401

CBCL, Child Behavior Checklist; ICU, Inventory of Callous-
Unemotional Traits.

“Model predicting right amygdala reactivity: F, 35 = 3.62, R? = 171,
p =.037.

PModel predicting left amygdala reactivity: Fo35 = 3.59, R? = .170,
p = .038.

differences in amygdala-vIPFC connectivity could be specific
to externalizing behaviors in the context of ASD, which could
be valuable in identifying subgroups of children with ASD. In
support of this, our regression results showed that external-
izing behavior was negatively associated with amygdala-
VIPFC connectivity across ASD groups controlling for CU
traits. Recent studies have also reported no significant differ-
ences in brain activation and/or connectivity in children with
disruptive behaviors versus those in TD groups using a similar
paradigm of fear processing (32,43), which could lend support
to the contribution of a dimensional framework to understand
disruptive behaviors in non-ASD and ASD youths (67). Alter-
natively, null findings could indicate increased amygdala-
VIPFC coupling to fearful versus calm faces for ASD+DB and
TD groups.

We also explored the relationship between CBCL external-
izing problems and CU traits with amygdala-vIPFC coupling.
Greater levels of externalizing behavior problems were asso-
ciated with weaker amygdala-vIPFC coupling across ASD
groups after controlling for CU traits, which could suggest that
the presence of CU traits in children with ASD+DB can mask
the neural mechanisms of emotion dysregulation. This finding
is also consistent with prior work in children with DBDs indi-
cating that reduced amygdala—prefrontal coupling is associ-
ated with greater levels of conduct problems (11,14,68).
However, CU traits did not significantly predict amygdala—
VIPFC connectivity in children with ASD after controlling for
externalizing behavior problems. Including ASD social deficits
did not make a significant contribution to the model predicting
amygdala-vIPFC connectivity, which suggests that neural
mechanisms of disruptive behaviors in ASD could be distinct
from core symptoms in ASD. However, future studies with
larger samples should examine social perception processes to
disentangle the overlap of ASD symptoms with disruptive be-
haviors as related to amygdala-prefrontal cortex connectivity.
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It is also noteworthy that in our sample of children with
ASD+DB, there was a high correlation between externalizing
and internalizing problem behavior scales of the CBCL and
28% of children in this group also met criteria for anxiety
disorders. Further, high rates of co-occurrence of disruptive
behavior and anxiety are common in children with ASD. For
example, in a recent study of co-occurring psychopathology in
children with ASD seeking treatment for disruptive behavior,
44% of children met criteria for one or more internalizing dis-
orders (69). In the current study, children with ASD+DB were
recruited based on clinically significant levels of disruptive
behavior, and all met criteria for oppositional defiant disorder
as a primary diagnosis. When entered in the regression model
as a last step after CU traits, CBCL externalizing problems, and
ADOS-2 social affect scores, CBCL internalizing scores did not
contribute  significantly to amygdala—vIPFC connectivity.
However, because anxiety can also be associated with
reduced amygdala-ventral prefrontal cortex connectivity (70-
72), larger studies of children with ASD with and without
disruptive behavior and anxiety are needed to dissociate the
role of externalizing and internalizing psychopathology.

Our second aim was to test amygdala reactivity to fearful
versus calm faces and its association with externalizing be-
haviors and CU traits. We did not observe significant differ-
ences in amygdala activation between the three groups when
modeled categorically. However, we found that amygdala
reactivity to fearful versus calm faces was differentially asso-
ciated with externalizing behaviors and CU traits when
modeled dimensionally across ASD groups. We modeled these
regression-based analyses on a recent study of children with
disruptive behaviors (43). Moreover, to allow comparison with
prior fMRI studies of children with disruptive behaviors
(10,42,43) and those comparing children with ASD (24,25,73),
we relied on the same measures of externalizing problems and
CU traits. We also used the fearful versus calm faces contrast
of the emotional perception task, because the expression of
these affective states is most sensitive in detecting effects of
CU traits. While there were no significant differences in
amygdala activation for fearful > calm faces in the current
study, other studies have reported similar amygdala responses
to fearful faces in children (33) and adults (74) with ASD
compared with TD control participants as well as in response
to facial expressions of different emotions (75). A recent study
using a similar paradigm of fearful faces also found no signif-
icant group differences in amygdala responses between chil-
dren with conduct problems and TD control participants (43).
Larger studies are necessary to understand the role of exter-
nalizing behaviors and CU traits in modulating amygdala
reactivity to fear in children with ASD. Nonetheless, this study
is a first step in investigating amygdala connectivity and
reactivity in a subgroup of children with ASD+DB.

Consistent with prior studies of children with conduct
problems (42,43), we found that right amygdala reactivity was
negatively associated with CU traits and positively associated
with externalizing behaviors after controlling for suppressor
effects across ASD groups. Further, neither CBCL external-
izing behaviors nor CU traits were significantly associated
with right or left amygdala reactivity in zero-order correlations.
Therefore, our findings support the use of a dimensional
approach to modeling externalizing behaviors and CU traits in
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ASD that is consistent with prior studies in children with DBDs
(42,43). Additionally, core ASD symptoms did not contribute
significantly or change the results of the regression model.
However, future studies of aggression in ASD should include
different tasks of social information processing to disambig-
uate the overlap of core ASD symptoms (e.g., deficits in
theory of mind) with disruptive behaviors. Further, including
CBCL internalizing problem behaviors as a last step in the
model did not make a significant independent contribution to
the variance in amygdala reactivity. In sum, our finding of a
differential association between amygdala reactivity and
externalizing problem behaviors and CU traits is consistent
with  previous evidence in children with DBDs
(10,11,30,32,43). Further, results of this study could suggest
that when externalizing behaviors are held constant, patterns
of amygdala responses to negative affect may reflect a neu-
roendophenotype that links CU traits with increased risk of
disruptive behaviors in ASD.

Study Limitations

First, the sample size was relatively small. However, the samples
of children with ASD with and without DBDs were well matched
on age, 1Q, gender, and ASD symptom severity. Nonetheless,
the replication of results with larger samples is needed. Second,
eye-tracking data were not collected and we cannot therefore
assess whether there were group differences in fixation that may
have influenced amygdala responses in participants with ASD.
However, the authors took steps to ensure that participants
were attending to faces, such as prescan training and gender
identification. Future studies should include eye tracking to
avoid this limitation. Third, the PPl method does not indicate
directional information and whether modulatory interactions
reflect direct or indirect pathways. Fourth, it will be important to
control for long-term use of psychotropic medication to un-
derstand its effects on patterns of brain connectivity in children
with ASD and co-occurring DBDs. Fifth, this study was not
powered for rigorous testing of the effects of co-occurring
internalizing disorders that can also be associated with aber-
rant amygdala—vIPFC connectivity. Studies with larger samples
are needed to disambiguate the overlap between internalizing
and externalizing psychopathology with amygdala—prefrontal
cortex connectivity in children with ASD. Finally, this study
consisted of predominately boys, and it will be important to
understand gender differences and neural signatures of
aggression in girls with ASD.

Conclusions

In summary, children with ASD+DB showed reduced
amygdala-vIPFC connectivity that was associated with
levels of externalizing behaviors. These findings provide
unique insights into a putative mechanism of emotion dys-
regulation in ASD that could pose increased risk of disrup-
tive behavior in children with ASD. This study also provides
the first evidence of a possible distinct neural mechanism of
correlates of emotion processing in children with ASD and
co-occurring disruptive behaviors, which is consistent with
studies of children with DBDs without ASD. Further, the
presence of CU traits may have implications for identifying
neural mechanisms of aggression in ASD. These findings
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also support the development of biomarkers that could
serve as neural targets for next-generation personalized
treatments in ASD.
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