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Outline

1. Emotion regulation and disruptive behavior disorders
2. Related brain mechanisms
3. Ongoing opportunities for study participation
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Emotion Regulation: Cognitive Control of Emotion
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Table  2
The range of explicit emotion regulation strategies used in everyday life by young adults (adapted from Heiy and Cheavens, 2014, with author permission). Experience
sampling methods have shown that adolescents also use many of these strategies (e.g. Silk et al., 2003); although as yet it is unclear whether adolescents have access to the
same  breadth of strategies as adults, or how adolescents recognise the need for regulation and select particular strategies. It is possible that these processes may  relate to
neural  maturation associated with underlying executive function and social cognitive skills.

Strategy Strategy impacts negative or
positive emotion

How strategy is used

Acceptance Negative I accepted the situation and/or my emotions
Behavioural activation Negative and positive I found an activity to keep myself distracted/I sought out activities and socialising
Benefit  finding Negative I thought about how I could become stronger or learn from the situation
Broadening Positive I thought about all the good things that were happening in my life as well
Capitalising Positive I made a plan to make the good situation happen again
Consequences Negative or positive I thought about all the different things in my life that this situation would impact
Denial  Negative or positive I just acted like the situation never happened
Exercise Negative I exercised
Emotional expression Positive I emphasised my emotions by showing them
Entertainment Positive I listened to upbeat music or watched a happy movie or show
Future focus Positive I concentrated on upcoming positive events in my life
Generalising Negative I thought about all the other things that have happened to me in addition to this
Minimising Positive I thought about how the situation was not really that great
Non-suicidal self-injury Negative I hurt (pinched/cut/burned/hit) myself
Other-blame/credit Negative and positive I thought about how the situation was someone else’s fault/due to someone else
Perspective Negative I reminded myself that things could be worse
Positive refocusing Negative I thought of something pleasant instead of what had happened
Problem solving Negative I made a plan to make the situation better
Reappraisal Negative or positive I thought about the situation in a different way
Reminiscing Positive I reminisced about pleasant memories
Replaying Positive I replayed all the details of the event in my head
Reward Positive I treated myself to something special
Rumination Negative I thought over and over again about the situation and my feelings
Savouring Positive I tried to revel in the moment and concentrate on how good I felt
Self-blame/credit Negative and positive I thought about how my actions brought about this situation
Sleep Negative I went to sleep
Social support/sharing Negative or positive I found a friend or family member to talk to
Stimulus control Positive I avoided all negative thoughts and stressors
Substance use Negative or positive I smoked a cigarette/drank alcohol/got high
Suppression

Expressive Suppression Negative or positive I controlled my  emotions by not showing them
Emotional Suppression Negative I ignored my feelings and acted like the situation never happened at all

pattern did not hold for the ‘reduce’ condition: conversely, greater
connectivity was found in depressed adolescents when instructed
to ‘reduce’. This suggests that dysregulation of PFC–limbic circuitry
may  contribute to adolescent depression under some circum-
stances (in this case the instruction to ‘maintain’), but that this is
not necessarily a constant marker in adolescent depression.

A similar pattern of results was seen in an fMRI study using
a more ecologically valid ‘chatroom’ task in which social stress
is created by participants being rejected by virtual peers, relative
to being accepted (Guyer et al., 2009). Adolescents are likely to
encounter peer rejection in everyday life, and may  show greater
sensitivity to its effects than do adults (Sebastian et al., 2010a). It
has further been argued that rejection may  play a special role in
the aetiology of adolescent depression, with reciprocal relation-
ships developing over the course of adolescence between social
rejection and depressive symptoms (Platt et al., 2013). Platt et al.
(2015) instructed 15 depressed and 15 non-depressed adolescents
aged 15–17 to either ‘attend’ or to ‘reappraise’ instances of social
rejection. Both groups were able to implement reappraisal, reduc-
ing negative affect in response to rejection; however, the depressed
group showed increased connectivity between right frontal pole
and regions including amygdala and hippocampus, specifically dur-
ing reappraisal. Together, the two extant studies of reappraisal in
adolescent depression raise the possibility that mechanisms under-
lying poor emotion regulation may  not be identical to those in adult
depression. However to date there have been no studies directly
comparing depressed adolescents and adults on emotion regulation
abilities in the same sample. Platt et al. (2015) speculate that this
increased connectivity during instructed reappraisal may  reflect an
ability for depressed adolescents to address their pre-existing emo-
tion regulation deficits using cognitive strategies, and suggest that

reappraisal training may  therefore represent a particularly fruit-
ful avenue for treating adolescent depression. This is an intriguing
possibility, but will require additional studies with larger samples
to confirm. Another possibility is that depressed adolescents need
to engage regulatory mechanisms to a greater extent to achieve the
same behavioural effect.

There have also been several studies which have looked at the
neural bases of typical adolescent responses to peer rejection in the
absence of an explicit instruction to regulate (Guyer et al., 2009;
Masten et al., 2009; Sebastian et al., 2011), although participants
are fully aware of being rejected and of the negative emotions gen-
erated, meaning participants may  use explicit regulatory strategies
spontaneously. One longitudinal fMRI study explored relationships
between neural responses to social rejection and depressive symp-
toms one year later in 20 13-year olds (Masten et al., 2011). This
study used the ‘Cyberball’ paradigm (Williams et al., 2000), in which
participants play an online ball tossing game and are unknowingly
systematically included or excluded at particular points during
the game by the experimenter. Responses in the subgenual ACC
predicted depressive symptoms at follow-up. This region was  of
particular interest given evidence that heightened activity here
has been associated both with depressive symptoms (Saxena et al.,
2003) and with heightened responses to peer rejection in typically
developing adolescents (Masten et al., 2009). Future work could
investigate whether instructed strategies such as reappraisal could
influence the responsivity of this region in adolescent depression.

6.2. Externalising symptoms

While conduct disorder sometimes onsets before the age of
10 (childhood onset), the majority of externalising symptoms,

Ahmed et al., Dev Cogn Neurosci, 2015
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Teaching emotion regulation
• Different methods can be 

used to express emotion 
(and facilitate regulation)
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Disruptive mood and behavior
• Implicated in oppositional defiant disorder, conduct 

disorder, disruptive mood dysregulation disorder
• DSM-5 classification: Disruptive Behavior Disorders
• Characterized by the presence of clinically significant 

levels of: 
• maladaptive aggression 
• noncompliance
• irritability/anger 

• Transdiagnostic construct
• Most common reason for referral to mental health services
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Disruptive behaviors and the social brain
• Disruptive behaviors are socially 

impairing

• Impairment in social functioning 
associated with disruptive behavior

• Disruptive behaviors prevalent in 
>50% of children with autism 
spectrum disorder (ASD)
• ~40% go on to meet diagnostic criteria for 

DBD

• High rate of disruptive behaviors in ASD 
thought to be related to emotion 
regulation impairments
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Neural Bases of Cognitive Control of Emotion

Etkin et al., Nature, 2015
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Neural Bases of Cognitive Control of Emotion

Emotion Generation

Etkin et al., Nature, 2015
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Neural Bases of Cognitive Control of Emotion

Emotion Generation

Emotion Control

Etkin et al., Nature, 2015
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Neural networks involved in emotion regulation
Emotion 

Generation

Emotional 
Control

• Prefrontal cortex
• Parietal cortex
• Supplementary 

motor area

• Amygdala
• Insula
• Dorsal anterior cingulate
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period of development when this ability may be especially vulnerable to
influences of the social and emotional environment. This review article
focuses on two key questions. How do dynamic changes in neural cir-
cuitry help to explain changes in emotion reactivity and regulation
during the transition into and out of adolescence? When does the ca-
pacity for emotion regulation reach adult levels of functioning and does
this vary across emotional contexts?

1.1. Neurobiological models of adolescence

Several models of adolescence have been proposed to explain the
neurobiology underlying heightened fluctuations in emotions and di-
minished emotional control during this time. Specifically, adolescent
behaviors have been attributed to two competing brain systems.
Dichotomous frameworks typically emphasize competing cognitive
control and emotive systems (e.g., [3,4]). According to these dual sys-
tems accounts, behavior breaks down when emotional systems win out
over less mature cognitive control systems. Empirical evidence for this
model emphasizes value and often pitches reward versus control sys-
tems [5]. These models have been effective in simplifying and con-
veying complex scientific findings to the lay public and in informing
policies relevant to the protection and treatment of youth [6]. However,
this heuristic account of brain development may not fully capture the
complexities and temporal time course of emotionally driven behaviors
[7].

The imbalance model, unlike dual systems accounts of adolescence
[4,8], emphasizes a circuit-based account of the complex and nonlinear
ways in which emotion reactivity and regulation change with age [1].
Emotionally driven behaviors are complex and rely on a number of
interconnected circuits from subcortical to cortical. Temporal differ-
ences in the fine-tuning of each of these circuits with age and experi-
ence could impact the functioning and development of these interacting
circuits [7]. According to the imbalance model, changes in behavior
during adolescence coincide with a series of developmental changes
across multiple systems with the regional fine-tuning of connections
within subcortical limbic circuits, then between cortical prefrontal and
limbic circuits and subsequently between corticocortical circuits ([7],
see Fig. 1). Thus, the most prominent difference between dual systems
and imbalance models is in how one would approach the study of brain
mechanisms. Rather than simply contrasting specific systems against
one another as discrete regions, the focus is on how connections from
subcortical to cortical circuits change and lead to different forms of
behavior gradually emerging across development from early to mid to
late adolescence.

Viewing developmental findings through a circuit lens is not only
faithful to the organization of the underlying biological systems and to

knowledge gained from elegant nonhuman studies, but it readily ac-
commodates key findings demonstrating how the interactive effects of
emotive signals on cognitive control continuously and gradually change
over development [7]. This approach also highlights the profound dif-
ferences between the developed brain and the developing brain [9].
The dual systems model fits a model of individual differences [10] to
development and while an effective heuristic, it may limit our ability to
measure and test subtle developmental progressions in behavior that
parallel continued hierarchical development of distributed brain net-
works from childhood, throughout adolescence and into young adult-
hood.

Evidence in support of hierarchical developmental changes in the
brain comes from post mortem studies showing selective stabilization
and regional elimination of excitatory synaptic connections in sensor-
imotor cortex before prefrontal cortex [11]. These processes have been
suggested to alter the balance between excitatory and inhibitory neural
connections within these regions [1]. Human neuroimaging studies
have shown corresponding patterns of regional brain changes across
development [12] with functional connectivity studies [13,14] sug-
gesting refinement of local subcortical circuits precedes refinement of
distal cortical ones. Regional increases in white matter [15] are thought
to occur through myelination of axons, influencing conduction of
electrical impulses across the brain and transport of cargoes essential
for neurotransmission, cell metabolism, and survival [2]. The regional
changes in synaptic morphology, dendritic arborization, cortical cell
firing, and availability of neurochemicals and their receptors during
adolescence have been posited to lead to transient imbalances in
functional brain circuitry that impact behavior [1].

Fig. 1 provides a simplified illustration of hierarchical changes from
subcortical to cortical circuits during childhood, adolescence and
adulthood that correspond with behavioral changes reported in the
developmental literature. The notion of temporally defined cascading
events of this nature across the brain parallels psychological theories of
developmental cascades in behavior [16] and provide a plausible me-
chanistic account for observed nonlinear changes in behavior with age.
Specifically, these developmental cascades could serve a critical func-
tion in stimulating neurodevelopment. For example, robust subcortical
signaling could provide the key functional inputs to provoke strength-
ening of descending cortical projections. Subsequently, the capacity for
top-down control of cortico-subcortical circuits may be dependent in
part on the functional development of subcortical circuits as part of a
dynamic cascade [7]. This view is consistent with Thelen’s notion of
development as hierarchical [17]. Accordingly, each phase of devel-
opment builds on the preceding one. Thus, heightened functionality
and connectivity of subcortical circuits may be a necessary precursor
for signaling top-down cortical control circuitry which is then a

Fig. 1. Illustration of hierarchical changes
in brain circuitry from subcortical to cortical
with age. Regional changes in connectivity
from childhood to adolescence to adulthood
are indicated by the colors of pink (sub-
cortico-subcortical), orange (subcortico-cor-
tical), green (cortico-subcortical) and blue
(cortico-cortical). Ventromedial prefrontal
cortex, vmPFC; lateral prefrontal cortex,
lPFC; ventral striatum, VS; amygdala, Amy.

B.J. Casey et al. 1HXURVFLHQFH�/HWWHUV��������������²��
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top-down modulation
“unchecked” 
subcortical system “priming” Fine-tuning

Casey et al., 2019

Development of emotion regulation networks
• Childhood: early stages of 

maturation (emotional cue-
driven impulsivity)

• Late adolescence: top-down 
regulation

• Young adulthood: fine-
tuning of regulation
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Prefrontal regions involved in emotion regulation

vmPFC activation is not observable in contrasts comparing re-
appraisal to responding naturally to emotional stimuli because
it is engaged by both. This could be because vmPFC is
engaged during reappraisal as well as on baseline trials, either
because it is important for relatively passive or nongoal-
oriented forms of emotion regulation, such as extinction
(Schiller and Delgado 2010; Diekhof et al. 2011), that might
arise spontaneously on baseline trials. Alternatively, it could be
that vmPFC is involved in processes related to emotion gener-
ation, such as self-reflection (Denny et al. 2012). Indeed,
whether emotion generation and regulation necessarily rely
upon distinct neural mechanisms remains an open question,
given that partially overlapping prefrontal regions have been
shown in prior work to support emotion generation, percep-
tion, experience, and regulation (Kober et al. 2008; Fusar-Poli

et al. 2009; Ochsner et al. 2009; Vytal and Hamann 2010; Gross
and Barrett 2011; Lindquist et al. 2012). To further investigate
this issue, future work might seek to examine neural responses
during reappraisal using experimental and analytic methods
that do not rely on subtraction logic between emotion gener-
ation and regulation conditions.

That said, although an early meta-analysis of 13 reappraisal
studies did not find any consistent activity in vmPFC (Kalisch
2009), a larger, more recent meta-analysis of 25 studies by
Diekhof et al. (2011) did report consistent engagement of
vmPFC. There are at least 4 possibilities for the differences in
results between the present meta-analysis and those of
Diekhof and coworkers. First, the study of Diekhof and co-
workers included far fewer studies and thus would be more
prone to false positives than the present meta-analysis. A
second possibility is that vmPFC recruitment is only observed
in a subset of studies and such studies were more heavily
sampled in the Diekhof meta-analysis than the present one.
For example, it may be that vmPFC is not critical for emotion
regulation per se, but is recruited in paradigms that rely more
heavily on holding conceptual information in mind (Roy et al.
2012). This includes paradigms such as those utilized by
Delgado et al. (2008) that involve imagining a calming stimulus
like the ocean during exposure to affective stimuli. Indeed,
Diekhof and coworkers only observed vmPFC activity in 3 of
the 25 studies included. Yet, when we conducted an ROI analy-
sis to examine this possibility, we found that only 1 of the 838

Figure 1. Results of the meta-analysis of brain regions supporting reappraisal (reappraise > emotional baseline).

Table 3
Peak voxel and corresponding maximum z-values for brain regions modulated by reappraisal
(emotional baseline > reappraise)

MNI coordinates

Region Side Extent z x y z

Amygdala Right 126 3.72 30 −3 −15
Extended amygdala Right – 3.72 27 6 −12

Amygdala Left 111 3.72 −18 −3 −15

Local maxima are denoted with “–.”

Cerebral Cortex November 2014, V 24 N 11 2985Downloaded from https://academic.oup.com/cercor/article-abstract/24/11/2981/301871
by Yale University user
on 13 June 2018

ventrolateral prefrontal 
cortex (vlPFC)

temporoparietal 
junction (TPJ) dorsolateral PFC (dlPFC)

Buhle et al., Cereb Cortex, 2014

ventrolateral prefrontal 
cortex (vlPFC) medial prefrontal cortex

anterior cingulate/
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Neural Correlates of Disruptive Behavior
In general, disruptive behavior associated with:

1. Over-activity of circuitry involved in emotion 
reactivity/generation
• Fear or threat circuitry
• e.g., Amygdala (limbic circuitry) 

2. Under-activity of prefrontal regions involved in 
control of emotion
• Dorsal/ventral prefrontal cortex 

3. Disruptions in “cross-talk” (i.e., functional 
connectivity) between emotion generative regions 
and prefrontal regions to modulate emotion
• e.g., Impairment in recruitment of regulation circuitry during 

anger provocation or frustration
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p = 0.01
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Reduced amygdala-prefrontal connectivity in 
children with ASD and disruptive behavior

z = 5.4

z = 2.3

R L
vlPFC

Parietal cortex

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1

0.15

0.2

0.25

M
ea

n 
Be

ta
 C

oe
ffi

ci
en

t

*

ASD+DB ASD TD

A
m

yg
da

la
-v

lP
FC

co
nn

ec
tiv

ity

Ventrolateral prefrontal cortex

ASD+
disruptive 
behavior

ASD alone Healthy 
Controls

Ibrahim et al., Biol Psychiatry:CNNI, 2019

p < 0.05

17
Ibrahim et al., Mol Psychiatry, 2022

Positive Predictive Networks

Negative Predictive Networks

B) Positive and Negative Networks Predicting Aggression
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Negative Predictive Networks of Aggression

ventromedial PFC

Neural Correlates of Disruptive Behavior

Cognitive control 
(emotion regulation, 
executive function)

Social functioning 
(salience of social 
and emotion cues)

Coordination of Networks

Disrupted between-
network integration

Emotion generation

Salience

Sensori
-motor

Sub-
cortical

Medial 
Frontal

Fronto-
parietal

DMN

Broader network dysfunction involved in childhood disruptive behavior
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Brain Imaging Study of Emotion Regulation in 
Children with Disruptive Behavior
• Children 9-12 years

• With and without disruptive behavior
• Subgroups

• non-ASD
• ASD 

• Imaging
• Resting-state fMRI
• Task based fMRI (Emotion regulation task)

• 2 study visits
• Visit 1: 

• C onsent/assent
• M ock scan
• D iagnostic  assessm ents (ch ild  psychopathology, autism )
• C ognitive perform ance/IQ

• Visit 2:
• fM R I scan (1-1.5 hours)
• parent-/se lf-report form s of behavior and em otion

• Compensation: $100
• Other considerations for participants/families

• Summary of diagnostic assessment
• Cover cost of transportation
• Want study to be accessible to children and families

Do you have a child between the 
ages of 5 and 15?
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Brain Imaging Study of Emotion Regulation in Children

If you have a child who is 5 to 15 years old and has disruptive behaviors (such as anger, irritability, or aggression), they 
may be eligible to participate in a free and confidential study that examines your child’s social and emotional skills. This 
research will lead to new ways of understanding how children processes and regulate their emotions. 

The study will require two visits. At each visit you and your child will complete questionnaires, and your child will 
participate in an fMRI scan. Functional magnetic resonance imaging (fMRI) is a technique for measuring and mapping 
brain activity that is noninvasive and safe. You will also receive a free psychoeducational assessment describing your 
child’s social and emotional development. The study is conducted at the Yale Child Study Center by caring and 
supportive research staff.

If interested, contact Megan Rutten at 203-737-7664 or email megan.rutten@yale.edu

Scan this QR code 
with your smartphone 
to send an email that 
you are interested.

Eligibility:
• Between the ages of 5 - 15
• Significant levels of disruptive behavior (anger outbursts, irritability, noncompliance, easily frustrated)
• Be able to complete fMRI research procedure
• Be able to commute to New Haven, CT
Compensation up to $100.

Study coordinator: Ms. Megan Rutten
megan.rutten@yale.edu
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Thank You!
karim.ibrahim@yale.edu
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