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Abstract

Pediatric irritability is prevalent and impairing, yet little is known about its pathophysiology and
treatment. In this article, we build on our and others’ previous work to posit core mechanisms of
irritability operating across the brain, behavior, and environment. Specifically, we propose
proximal processes that surround the symptomatology of irritability and are potential targets for an
exposure-based cognitive-behavioral therapy (CBT) for irritability that our group has developed.
The heart of this model focuses on neurocognitive processes: youth’s encoding of nonreward and
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threat stimuli, which involves prediction error signaling in the brain, and cognitive control in the
context of frustration. Alterations in these processes are theorized to be central to chronic, severe
irritability. Environmental responses to youth’s symptom expression are also examined. Exposure-
based CBT for irritability utilizes controlled, /n vivo exposure to nonreward and threat stimuli with
the aim to engage cognitive control and target top-down regulation of frustration. This intervention
integrates selected parent management training (PMT) techniques to target symptom
reinforcement processes. Continued pathophysiological and treatment studies of irritability will
not only refine our emerging understanding of the phenotype, but also inform broader questions on
the brain and behavioral mechanisms of CBT efficacy.

Keywords

irritability; frustrative nonreward; threat; exposure; cognitive-behavioral therapy; functional
magnetic resonance imaging

Irritability is a common and consequential domain of pediatric psychopathology (Brotman,
Kircanski, Stringaris, Pine, & Leibenluft, 2017; Leibenluft, 2011). Chronic, severe
irritability in youth is associated with functional impairment and increased risk for
depression, anxiety, and suicidality (Copeland, Angold, Costello, & Egger, 2013; Orri et al.,
2018; Vidal-Ribas, Brotman, Valdivieso, Leibenluft, & Stringaris, 2016). Despite this
clinical significance, relatively little is known about the pathophysiology of pediatric
irritability. Further, there are no well-established treatments for chronic, severe irritability as
seen in disruptive mood dysregulation disorder (DMDD) (Kircanski, Clayton, Leibenluft, &
Brotman, 2018; Stringaris, Vidal-Ribas, Brotman, & Leibenluft, 2018). Here, we build on
our recent pathophysiological model of irritability that posits core mechanisms operating
across the brain, behavior, and environment (Brotman et al., 2017). We specify components
of the model that can serve as targets for an exposure-based cognitive-behavioral therapy
(CBT) for irritability that our group has developed, and we hypothesize how this exposure-
based CBT targets the proposed mechanisms. We conclude by outlining key questions for
future research.

Brief Background and Rationale

Definition and Assessment of Irritability

Irritability refers to an increased proneness to anger, compared to one’s peers (Brotman et
al., 2017; Leibenluft, 2017; Leibenluft & Stoddard, 2013). Proneness to anger is a
continuously-distributed (Copeland, Brotman, & Costello, 2015) and stable (Caprara,
Paciello, Gerbino, & Cugini, 2007) individual difference in youth. However, there are
normative developmental variations such that certain behaviors (e.g., temper tantrums) are
more frequent in early childhood and decrease thereafter (Wakschlag et al., 2012, 2015).
Here, we focus on severe, impairing, and developmentally-atypical irritability in later
childhood and adolescence that necessitates clinical intervention. Children and adolescents
with this high level of irritability exhibit temper outbursts that are more frequent,
behaviorally intense, longer, and contextually atypical relative to their peers (Brotman et al.,
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2017). These youth also exhibit a sustained angry mood over many days, which may
manifest as sullenness or annoyance at minor provocations (Brotman et al., 2017).

Clinically-significant irritability is codified in the DSM-5 as the defining symptom of
disruptive mood dysregulation disorder (DMDD) (American Psychiatric Association, 2013).
DMDD is placed in the mood disorders section of the DSM-5, in recognition of its primary
affective component and associations with unipolar depression and anxiety. Diagnostic
criteria for DMDD include: (a) severe, recurrent temper outbursts occurring at least three
times per week that are out of proportion to the situation and inconsistent with
developmental level; and (b) persistently irritable mood between outbursts, for most of the
day, nearly every day. Symptoms must begin by age 10 and be present for at least 1 year, but
DMDD cannot be diagnosed before age 6. Because DMDD is a new diagnosis, current
prevalence data relies on post-hoc analyses of datasets that asses irritability using a variety
of methods. Community-based prevalence estimates from this work range from 0.12% to
5%, with the estimate for DMDD criteria converging at 3% (Althoff et al., 2016; Brotman et
al., 2006; Copeland et al., 2013).

The symptoms of DMDD can be assessed using a specialized module of the Kiddie
Schedule for Affective Disorders and Schizophrenia for School-Age Children (K-SADS),
developed by Leibenluft and colleagues (see Wiggins et al., 2016). In addition, the Affective
Reactivity Index (ARI; Stringaris et al., 2012) is a brief child- and parent-report
questionnaire designed to provide a dimensional measurement of irritability. Recently, our
research group developed a clinician-administered ARI (CL-ARI), which probes temper
outbursts, irritable mood, and irritability-related impairment in a more fine-grained, but
similarly transdiagnostic and dimensional, manner as with the original ARI (Haller et al.,
under review). Of course, in clinical settings, irritability should always be assessed and
conceptualized in the context of any other co-occurring symptoms or syndromes to inform
treatment decisions.

Irritability in the Setting of Other Psychopathologies

The symptom criteria for DMDD share certain features with the criteria for oppositional
defiant disorder (ODD), a disruptive behavior disorder characterized by at least 6 months of
angry mood and/or defiant behavior (American Psychiatric Association, 2013). Diagnostic
guidelines indicate that DMDD supersedes ODD when both are applicable, given that the
severity of the irritability required is greater for DMDD. Studies have examined the
‘irritable” symptom dimension within ODD (versus the oppositional behavior dimension)
and found that irritability is uniquely related to depression and anxiety (Burke, Hipwell, &
Loeber, 2010; Drabick & Gadow, 2012; Stringaris & Goodman, 2009ab; Vidal-Ribas et al.,
2016). DMDD is also frequently comorbid with attention-deficit/hyperactivity disorder
(ADHD) (Brotman et al., 2006; Roy et al., 2013). Importantly, interventions involving parent
management training (PMT) (Barkley, 2013; Kazdin, 2010) have demonstrated efficacy in
reducing disruptive behavior in ODD and ADHD, as most commonly applied in young
children or in adolescent conduct disorder (Comer, Show, Chan, & Cooper-Vince, 2013;
Furlong et al., 2012; NICE, 2013). Despite this established literature, there is a paucity of
data on PMT efficacy specifically for the irritability symptom dimension. Therefore, future
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research is needed to test whether PMT is effective specifically for chronic, severe
irritability.

Irritability as a symptom transects multiple diagnoses in youth, particularly mood and
anxiety disorders (American Psychiatric Association, 2013). However, irritability does not
relate to all domains of psychopathology uniformly. In fact, during the 1990s it was
proposed that pediatric bipolar disorder can present as chronic, severe irritability without
distinct episodes of hypo/mania. Subsequent research on longitudinal course, family history,
and pathophysiology documented that pediatric irritability is not a developmental phenotype
of bipolar disorder (Leibenluft, 2011). Irritability in youth was found to predict unipolar, but
not bipolar, depression and anxiety in adulthood (Vidal-Ribas et al., 2016), partly due to
shared genetic liability among irritability, anxiety, and unipolar depression (Savage et al.,
2015; Stringaris, Zavos, Leibenluft, Maughan, & Eley, 2012). These findings have important
treatment implications, in that first-line treatments for bipolar disorder are not indicated for
pediatric irritability across the spectrum of pediatric psychopathology. Indeed, currently
there are no established treatments specifically for DMDD (Brotman et al., 2017; Kircanski,
Clayton, et al., 2018; Stringaris et al., 2018). The need for intervention development is
underscored by the prevalence and public health burden of irritability.

Despite its presence across multiple diagnoses, irritability is not a general severity marker or
risk factor for all forms of psychopathology. In addition to its lack of prediction of bipolar
disorder, early irritability does not significantly predict later conduct disorder or substance
use disorder. Finally, irritability accounts for unique variance in functional impairment, even
when co-occurring diagnoses are covaried (Vidal-Ribas et al., 2016). As we discuss below
with respect to future directions, further studies will need to interrogate the brain and
behavioral correlates of irritability in the settings of diverse co-occurring symptoms. Future
treatment studies should also test whether exposure targeting irritability may be
incrementally beneficial for youth with primary diagnoses other than DMDD. Here, we
focus on chronic, severe irritability as seen in DMDD.

Exposure-Targeted Pathophysiological Model of Irritability

We (Brotman et al., 2017) developed a translational neuroscience model of pediatric
irritability that integrates the available pathophysiological research. Synthesizing previous
findings, the model proposes that aberrant brain and behavioral responses to frustrative
nonreward and threat are key mechanisms driving the development and maintenance of
severe, chronic irritability. Frustrative nonreward, first articulated in rodent research (Amsel,
1958), is the state induced when an organism does not receive a reward that it has been
conditioned to expect (i.e., blocked goal attainment). Threats are stimuli that signal
increased potential for harm to an organism (LeDoux & Pine, 2016). Studies of frustrative
nonreward and threat processing in irritability have most consistently implicated disruptions
in fronto-striatal-amygdala circuitry (Deveney et al., 2013; Kircanski, White, et al., 2018;
Stoddard et al., 2017; Tseng et al., 2018). However, the available literature is still limited
and some findings are mixed, so replication and further research is needed to support
reliable neural correlates of irritability (Brotman et al., 2017; Leibenluft, 2017).
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Our initial pathophysiological model (Brotman et al., 2017) proposed a range of risk and
maintaining factors in irritability. Here, we focus on specific, proximal processes within this
broader framework that are potential targets for an exposure-based CBT for irritability.
Figure 1 presents this new exposure-targeted model. This conceptualization includes a series
of proximal processes that surround a clinically-significant temper outburst and typically
occur within a timescale of minutes. Below, we describe each of the component processes.

Triggering Stimulus

Consistent with prior work, our published model posits that a temper outburst is elicited by
one or more triggering stimuli that can be characterized as nonrewarding and/or threatening
(Brotman et al., 2017; see also Berkowitz, 1993; Buss & Durkee, 1957; Caprara et al.,
1985). Importantly, both nonreward and threat stimuli signal an aversive event. Indeed,
Wagner (1969) postulated that frustrative nonreward serves as a punishment or threat akin to
shock. Here, we use the abbreviated term, nonreward to refer to a broad class of stimuli or
situations involving the “withdrawal or prevention of reward” (https://www.nimh.nih.gov/
research-priorities/rdoc/constructs/frustrative-nonreward.shtml). Of note, frustrative
nonreward was defined as resulting from a very specific combination of conditioned reward
associations that were then violated (Amsel, 1958). The more general term, nonreward, is
more inclusive. Common clinical examples of nonreward triggers include: removal of a
preferred activity or state (e.g., parent telling child to stop playing a video game);
withholding of a desired activity or state (e.g., parent telling child that s/he cannot play a
video game); and transitioning from a preferred to a nonpreferred activity or state (e.g.,
parent telling child to stop playing a video game and start doing homework). In severe
irritability, outbursts occur in response to multiple nonreward triggers across home, school,
and peer contexts.

As noted, threat stimuli convey increased potential for harm. Threat stimuli vary in
proximity; imminent threats normatively provoke flight or attack behavior in the service of
survival and safety (Blair, 2010; Fanselow, 1994). However, youth with significant
irritability exhibit atypical approach behaviortoward non-imminentthreats in the form of
temper outbursts (Brotman et al., 2017; see also Crick & Dodge, 1994). That is, in many
instances, the behavior that defines an outburst clinically (e.g., verbal or physical aggression)
manifests as active approach toward and engagement with a threat. Common triggers of this
type include: stimuli indicating potential for danger (e.g., peer looking at child with an angry
facial expression); and stimuli indicating potential for personal failure (e.g., parent telling
child to complete challenging homework). Perceptions of threat in the environment can be
heightened by individuals’ cognitive biases. Not surprisingly, youth with high levels of
irritability tend to exhibit such threat-relevant cognitive biases, including differential
attention toward threat vs. neutral stimuli (Hommer et al., 2014; Salum et al., 2017) and
more threat-based interpretations of neutral or ambiguous stimuli (Brotman et al., 2010;
Dodge, 1980; Stoddard et al., 2016).

Some situations that trigger outbursts may involve both nonreward and threat (e.g., teacher
telling child to transition from a preferred state [open study time] to a nonpreferred state
[math work], the latter of which also involves increased potential for failure). Last, while we
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view nonreward and threat as two distinct constructs, our current model is agnostic as to
whether temper outbursts may differ meaningfully based on the type or combination of
triggers. This is an interesting question for future clinical research.

Negative Prediction Error

The second component of the model, prediction error (PE), refers to the difference between
an expected and a received outcome (Schultz & Dickinson, 2000). Outcomes that are better
than expected result in positive PEs, whereas outcomes that are worse than expected result in
negative PEs (Schultz, 2016). Foundational animal studies have shown that midbrain
dopamine neurons encode PEs across a range of situations (Tobler, Fiorillo, & Schultz,
2005). Further work has shown that PE-guided reward learning involves the amygdala as
well as the striatum (Averbeck & Costa, 2017), and ventral and dorsal circuits through the
striatum differentially process stimulus-based and action-based reward learning, consistent
with our model’s focus on triggering stimuli (Rothenhoefer et al., 2017).

We speculate that negative PE may be a common pathway through which nonreward and
threat stimuli are represented in the brain. Specifically, negative PE may represent the shift
from one’s current affective state to a more negatively-valenced state, due to the occurrence
or expectancy of an aversive event. As reviewed above, both nonreward and threat stimuli
signal an aversive event (i.e., the shift to a less positive and/or more negative state or the
prediction of such a shift). We hypothesize that, relative to their peers, severely irritable
youth encode more extreme negative PEs in response to nonreward or threat. Negative PE as
a common pathway may also aid in understanding outburst triggers that entail a change to
the child’s status quo or expectation, but are not related overtly to nonreward or threat. For
example, a child may expect to be driven home from school one way, and instead be driven
another way, triggering an outburst. The negative PE framework suggests that, for this child,
the loss of or threat of losing the status quo or an expected feature of one’s environment is
an aversive event. This may be related to threat-relevant cognitive biases. For example, the
child may disproportionately attend to slight changes in certain features of the environment
(e.g., slightly more traffic) and/or disproportionately interpret those changes as frustrating
(e.g., thinking that this will delay a preferred activity at home). It is also possible that
because the child is often in an irritable state, the neural circuitry engaged in PE-guided
learning may link aspects of the environment with the irritable state. That is, the child’s
irritable state itself may drive learning, erroneously linking neutral environmental cues to the
irritability. Moreover, dopamine neurons have been shown to change their firing rate in
response to shifts in sensory features of the environment (i.e., sensory or identity PES)
(Takahashi et al., 2017). While this neural marker has not been investigated with respect to
irritability, we might speculate that more irritable youth overweight or encode more strongly
changes in sensory or identity features of the environment per se, which would be evidenced
by stronger PEs.

While some neural substrates of positive PE are established, the mechanisms involved in
generating and responding to negative PE are not well known. This gap in understanding is
partly due to the low baseline firing rate of midbrain dopamine neurons, which can make
inhibition difficult to detect (Bayer & Glimcher, 2005). In addition, fewer studies have
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examined PE during learning from losses or punishments vs. learning from rewards. In a
lesion experiment with non-human primates, Taswell and colleagues (2018) found that the
ventral striatum contributed uniquely to learning from rewards, but not to learning from
losses. Similarly, a recent study in youth reported that insular, but not striatal, activation
varied as a function of negative PE (Keren et al., 2018). Schultz’s (2016) two-component
theory of PE argues that aversive stimuli primarily impact an initial, nonspecific response to
novelty in midbrain dopamine neurons, rather than a true PE with respect to computation of
the subjective value of the stimulus. Thus, the little available evidence on negative PE
remains inconclusive.

Further, no studies of irritability have investigated PE signaling per se. In one study, youth
with severe mood dysregulation (SMD), the precursor to DSM-5 DMDD, exhibited reduced
striatal activity (greater deactivation) in response to nonreward relative to healthy volunteer
youth (Deveney et al., 2013). This finding is consistent, but not synonymous, with an
enhanced negative PE in irritability. Youth with SMD also showed striatal dysfunction
during reward learning as compared to healthy youth (Adleman et al., 2011). Youth with
conduct problems and oppositionality, a related but distinct phenotype, showed atypical
modulation of striatal activity based on stimulus expected value (White et al., 2016).
Adolescents with anxiety disorders showed similar striatal dysfunction (Guyer et al., 2012).
Finally, youth at risk for depression were characterized by reduced striatal activity to loss,
again consistent with an enhanced negative PE (Luking, Pagliaccio, Luby, & Barch, 2016).
Clearly, much more research is needed to interrogate the neural basis of negative PE, both
from a basic science perspective and in potential clinical applications. Our research group is
currently developing and conducting functional magnetic resonance imaging (fMRI)
experiments designed to identify neural substrates of positive and negative PEs in youth
along the dimension of irritability.

In our exposure-targeted model, negative PE in response to nonreward or threat generates
frustration. Amsel (1958) conceptualized frustration as a normative response to blocked goal
attainment that is associated with increased motor activity and aggression as the animal tries
to obtain the reward. Since that time, the definition of frustration has expanded to include
affective responses not only to nonreward, but also to failed attempts to avoid punishment,
thus implicating threats (Berkowitz, 1989; Berkowitz & Harmon-Jones, 2004). Consistent
with this, we view frustration as an adaptive, normative response to negative PE triggered by
nonreward and/or threat. We propose negative PE as a neural mechanism through which
these triggering stimuli come to elicit frustration.

As we describe below, our model also suggests that cognitive control may moderate the link
between negative PE and level of frustration (relevant literature is reviewed below).
Specifically, impairments in cognitive control may place youth at risk for (a) increased
frustration in response to negative PE, and (b) increased temper outbursts in response to
frustration, thus manifesting as chronic, severe irritability. Below, following a description of
temper outbursts, we further discuss how cognitive control may moderate these associations.
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Temper Outburst

Compared to their peers, youth with clinically significant irritability have a lower threshold
for experiencing outbursts (i.e., their outbursts are more frequent and occur in more diverse
contexts). Their outbursts are also more severe on average, including greater motor activity
(e.g., stomping, waving arms), verbal aggression (e.g., yelling), and sometimes physical
aggression (e.g., hitting) (Brotman et al., 2017). Such temper outbursts can be viewed as
non-normative behavioral responses to frustration.

Although temper outbursts often manifest as approach behavior toward nonreward or threat
stimuli, outbursts can ultimately serve to neutralize or avoid'the triggering stimuli, akin to
behavioral avoidance in anxiety disorders. We postulate that a temper outburst, while
unpleasant to the child in the moment, can function to return the child to a less negatively-
valenced affective state than that which was originally triggered (i.e., can generate a positive
or less negative PE). This is partly because, as discussed below, a temper outburst can lead to
environmental responses that remove the initial trigger (e.g., parent giving child what s/he
wants, thus removing nonreward) (Barkley, 2013; Kazdin, 2010).

Cognitive Control

Cogpnitive control is a multifaceted construct. It refers to the capacity to deploy cognitive
resources flexibly in response to changing environmental contingencies (McTeague et al.,
2017). Cognitive control involves top-down (primarily prefrontal cortex [PFC] and parietal)
regulation of lower-level brain processes to achieve goal-driven behavior. Inhibitory control,
a key subcomponent of cognitive control, is the ability to suppress behaviors that are
maladaptive or incompatible with current goals (e.g., the ability to stop an automatic or
prepotent behavior) (Friedman & Miyake, 2017). Therefore, it is plausible that impairments
in cognitive control, in particular inhibitory control, increase the behavioral expression of (a)
frustration in response to negative PE, and (b) temper outbursts in response to frustration. In
both cases (a) and (b), impairments in inhibitory control would manifest as difficulties
stopping affective or behavioral impulses to the preceding input, resulting in increased
frustration and temper outbursts (Schall, Palmeri, & Logan, 2017). Consistent with this idea,
youth with clinically-significant irritability often (but not always) report higher levels of
frustration than healthy youth following nonreward (Deveney et al., 2013; Rich et al., 2007,
2011; but see Grabell et al., 2018; Tseng et al., 2018).

Support for the role of cognitive control in modulating the expression of temper outbursts
comes from normative development and developmental psychopathology. Temper outbursts
occur most commonly in the preschool years, and then decrease steadily in frequency from
mid-childhood through adulthood (Wakschlag et al., 2012, 2015; Wiggins, Mitchell,
Stringaris, & Leibenluft, 2014). This temporal pattern follows, inversely, maturation of the
PFC and development of inhibitory control (Luna, Marek, Larsen, Tervo-Clemmens, &
Chahal, 2015). Research on irritability has implicated brain regions known to mediate
cognitive control. In particular, Perlman and colleagues have been studying cognitive
control, frustration, and irritability in young children. Findings included associations
between higher irritability and decreased activation in regulatory PFC regions during
frustration (Grabell et al., 2018; Perlman, Luna, Hein, & Huppert, 2014; Perlman et al.,
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2015). However, other reports from this group indicated increased PFC activation during
cognitive control in relation to higher irritability (Fishburn et al., 2019; Li, Grabell,
Wakschlag, Huppert, & Perlman, 2017). The specific ability to control one’s attention in
emotional contexts (i.e., executive attention) also has been related to developmental and
individual differences in youth’s regulation of mood (Posner & Rothbart, 1998; Rueda,
Posner, & Rothbart, 2005). We recently found that, in children and adolescents, higher levels
of irritability were associated with increased PFC engagement when performing an attention
orienting task immediately following frustration. In some PFC regions, the irritability-
related increased activation was specific to younger children. This increased PFC
engagement could reflect a compensatory mechanism that allows irritable youth to recruit
these regions to a greater extent and thus be able to meet task goals (Tseng et al., 2018).
Last, Karim and Perlman (2017) showed that, in irritable youth, PFC activation to
negatively-valenced images increased with advancing age.

Thus, there is evidence for both irritability and age effects on dysfunction in brain regions
known to mediate cognitive control. However, the precise direction of these neural effects
has been mixed, and neural effects have been reported in the absence of behavioral deficits
in cognitive control (e.g., Tseng et al., 2018). A large body of research documents behavioral
impairments in cognitive control in externalizing disorders that are frequently comorbid with
DMDD (e.g., ADHD) (Nigg, 2000; Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005).
Importantly, such behavioral impairments have not yet been isolated to irritability vs. other
symptom dimensions in these populations. In contrast, anxiety has been associated with
excessive inhibitory control (Moser, Moran, Schroder, Donnellan, & Yeung, 2013), although
findings may vary across development (Meyer et al., 2018). We are currently conducting
further behavioral and fMRI research to characterize the nature of inhibitory control in
irritability, both at baseline (i.e., cold cognitive control) and in the context of frustration,
across a range of ages from mid-childhood through late adolescence. It will be particularly
important to distinguish between baseline inhibitory control vs. inhibitory control
specifically during frustration. Last, while our model proposes moderating effects of
cognitive control on symptom expression, some neurocognitive theories of child
psychopathology (e.g., ADHD; Nigg & Casey, 2005) propose that perturbed cognitive
control can contribute directly to PE signaling deficits. In future work, it will be important to
test differing conceptualizations of how these neurocognitive functions relate to one another.

Consequences of Outburst

As the final component of the model, consequences of temper outbursts include parental or
other environmental responses that influence the likelihood and/or intensity of future
negative PEs and outbursts. This component is based on extensions of basic behavioral
principles (Mowrer, 1960) to research on disruptive psychopathology, as reflected in
longstanding parent-child interaction research with relevance to therapeutics (e.g., Patterson,
DeBaryshe, & Ramsey, 1989; Patterson, 1982; Patterson, Reid, & Dishion, 1992).
Specifically, the treatment literature indicates a causal effect of parenting interventions on
child behavior (e.g., Comer, Chow, Chan, Cooper-Vince, & Wilson, 2013; Furlong et al.,
2012), including the prevention of aggressive behavior in youth at high risk (e.g., Brotman et
al., 2008). Parents are also key participants in CBT for child anxiety disorders, which often
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includes PMT components (Higa-McMillan, Francis, Rith-Najarian, & Chorpita, 2016).
Proximal environmental responses to temper outbursts may be reinforcing (i.e., increase
future negative PEs and outbursts) or punishing (i.e., decrease future negative PEs and
outbursts). Common examples of responses that can be reinforcing are: differential attention
(e.g., parent increasing attention to child); and removal of triggering stimuli (e.g., parent
giving child what s/he wants). Differential attention and removal of triggering stimuli most
likely reinforce outbursts directly through response-outcome learning (Barkley, 2013;
Kazdin, 2010). Here, there are parallels to pediatric anxiety, in which overprotective parental
responses (i.e., attention to potential threats and removing the child from anxiety-producing
stimuli or situations) may reinforce youth’s anxiety and avoidant behavior (Rapee,
Schniering, & Hudson, 2009). In addition, parents of irritable youth may engage in negative
affective responses to temper outbursts (e.g., parent displaying anger or anxiety), serving to
differentially reinforce negative PEs. Specifically, such responses can increase the
attentional salience of nonreward and/or threat events, enhancing their encoding (Stoddard &
Jones, personal communication). Negative affective responses may also increase the
subjective aversiveness of nonreward and/or threat events for youth, making future negative
PEs even more extreme. In this manner, learning history could lead to amplification of
negative PEs in youth with irritability.

In sum, this conceptualization of specific, proximal mechanisms in irritability includes
elevated negative PEs to nonreward and/or threat stimuli, which lead to increased frustration.
Increased frustration, along with impaired cognitive control in the context of frustration,
generates more frequent and severe temper outbursts. Temper outbursts, in turn, lead to
environmental responses that may reinforce future negative PEs or outbursts. Here, specific
component processes represent key targets for intervention.

Exposure-Based CBT for Irritability

In this section, we describe the exposure-based CBT that our group has been developing for
chronic, severe irritability such as that seen in DMDD. We postulate how this treatment
targets key mechanisms of irritability proposed above, and we discuss how we are testing
predictions regarding target engagement and clinical efficacy in an ongoing trial
(ClinicalTrials.gov: NCT02531893).

Overview of the Treatment

Exposure is a behavioral technique grounded in the phobia and anxiety disorder treatment
literature. Patients confront and tolerate (i.e., no longer avoid) stimuli that they perceive as
threatening, and learn that expected adverse outcomes do not occur (Craske et al., 2008; Foa
& McLean, 2016). Our initial consideration of exposure as an intervention for irritability
began with several broad observations. First, pediatric irritability and anxiety disorders are
highly comorbid (Cornacchio, Crum, Coxe, Pincus, & Comer, 2016; Stoddard et al., 2014),
partly due to shared genetics (Savage et al., 2015). Second, irritability and anxiety are both
characterized by threat-relevant cognitive biases (Bar-Haim, Lamy, Pergamin, Bakermans-
Kranenburg, & van 1Jzendoorn, 2007; Hommer et al., 2014; Lau & Waters, 2017,
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Rozenman, Amir, & Weersing, 2015; Salum et al., 2017; Stoddard et al., 2016; Waters &
Craske, 2016; White, Suway, Pine, Bar-Haim, & Fox, 2011), and there is an established
neural circuit mediating threat responding including the ventromedial PFC, amygdala,
hypothalamus, and periaqueductal gray (Blair, 2010). Third, both irritability and anxiety are
characterized by high-arousal negative affective states in response to a triggering stimulus
(Rothbart, 2007; Watson & Clark, 1984), therefore potentially suitable for exposure. In the
adult anger treatment literature, a pilot study of imaginal exposure appeared promising
(Grodnitzky & Tafrate, 2000). Thus, we began to discuss whether 7n vivo exposure to stimuli
that evoke temper outbursts within a safe, supportive therapeutic context could generate
corrective learning in patients with clinically-significant irritability.

The treatment that we developed focuses on controlled, graduated exposure to nonreward
and/or threat stimuli with therapeutic support. The current manualized CBT protocol
(Brotman, Kircanski, Gold, & Leibenluft, 2018) includes 12 weekly outpatient therapy
sessions, each 60-90 minutes in duration. The first half of each session (30-45 minutes)
involves the patient completing exposure exercises. The second half of each session (30-45
minutes) involves selected parent management training (PMT) techniques (Barkley, 2013;
Kazdin, 2010). While therapists initially facilitate the exposures, parents are encouraged to
facilitate the exposures both in session and during weekly practices once PMT skills are
sufficiently demonstrated. Common examples of /n vivo exposures include: child having an
electronic device taken away and withstanding not taking it back; transitioning from a
preferred activity to a nonpreferred activity; interacting with a confederate who is “acting
out” a peer who the child perceives as threatening; and completing challenging schoolwork.
The therapy also includes imaginal exposures when appropriate (e.g., imagining interacting
with a peer who is perceived as threatening).

We recently published an open active pilot of the treatment in 10 youth diagnosed with
DMDD, through which we manualized therapy procedures and documented preliminary
feasibility (Kircanski, Clayton, et al., 2018). The pilot study data did not indicate any
evidence of DMDD symptom worsening in any patient as a result of the treatment; this is
important as some theorists have cautioned that exposure for anger may be contraindicated
or may not lead to reduction in affective responding (Abramowitz, 2013). For a full
description of the treatment, see Kircanski, Clayton, et al. (2018). Here, we elaborate our
hypotheses on how specific techniques within the treatment target the mechanisms of
irritability outlined above.

Primary Targets of Exposure

As shown in Figure 1, therapeutic exposure to nonreward and/or threat stimuli is posited to
engage cognitive control circuitry and target top-down regulation of frustration. Specifically,
we hypothesize that repeated exposure to and toleration of negative PE-driven frustration
(i.e., shifts from one’s current affective state to a more negatively-valenced state) will
increase patients’ inhibitory control capacity in this context. For inhibitory control to be
successfully deployed, therapists must work with patients to block prepotent outburst
behaviors (e.g., yelling or grabbing at parent to not take away video game). Therefore, prior
to initiating exposures, therapists and patients discuss the precise behaviors to be inhibited.
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Over the course of treatment, it is expected that increasing top-down regulation will be
associated with (a) decreased frustration in response to negative PE, and (b) decreased
temper outbursts in response to frustration.

Previous work in fear and anxiety disorders documents engagement of the ventromedial PFC
to downregulate amygdala activity during extinction (e.g., Maren & Quirk, 2004; Sotres-
Bayon, Cain, & LeDoux, 2006) and exposure therapy (e.g., Hauner, Mineka, Voss, & Paller,
2012). Based on the reviewed findings for cognitive control dysfunction in irritability
(Fishburn et al., 2018; Li et al., 2017; Tseng et al., 2018), we predict that regional activation
including the ventromedial and dorsolateral PFC will be more normalized from pre- to post-
CBT. To test this prediction, we are currently conducting a within-subjects multiple baseline
trial of the CBT, which includes pre-, mid-, and post-treatment fMRI scanning on the task
that assesses attention orienting in the context of frustration (Tseng et al., 2018). As noted
above, higher irritability was related to increased PFC engagement on that task, potentially
reflecting a compensatory mechanism to meet task goals despite frustration. Therefore, an
intriguing possibility is that PFC activation may decrease from pre- to post-CBT, indicating
a normalization or recalibration of top-down and bottom-up processes. The fMRI assessment
at mid-treatment will be used to interrogate neural changes as mediators of subsequent
clinical changes.

In addition to engaging cognitive control to regulate behavior, exposure may also have
downstream effects on negative PE. This is because, as noted above, temper outbursts may
serve an avoidant function in which the child does not actually confront the aversive event
(e.g., parent gives child what s/he wants, thus removing the nonreward event). By inhibiting
temper outbursts and thus their avoidant function, patients can learn through exposures that
the nonreward or threat stimuli are not as aversive as they expected, or that they can folerate
their level of frustration while completing the aversive tasks (Craske et al., 2008). That is,
patients’ elevated negative PEs will no longer be instrumentally reinforced, and thereby
reduced at post-treatment. To test this hypothesis, CBT patients complete a reward learning
fMRI task pre- and post-treatment. This task assesses reward learning both in a neutral
affective context and following an acute frustration induction. Using this task, we will
computationally model the neural substrates of positive and negative PE in a whole-brain
analysis.

Primary Targets of Parent Interventions

As noted above, the selected PMT interventions within exposure-based CBT for irritability
are theorized to target reinforcement mechanisms (Barkley, 2013; Kazdin, 2010). Indeed,
PMT is based in principles of operant conditioning in which behavior is influenced by its
consequences (Mowrer, 1960). With respect to our current model of treatment targets in
irritability, interventions designed to reduce parents’ attention to temper outbursts and
parents’ tendency to remove the triggering stimuli are expected to decrease direct
reinforcement of outbursts. In addition, therapists conducting the CBT focus heavily on
parents’ affective responses to outbursts. Therapists work with parents to minimize their
negative affect in response to outbursts, thus reducing reinforcement of patients’ negative
PEs posited above. This component of the treatment is predicted to decrease the likelihood
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or intensity of future negative PEs by reducing the associative strength between parents’
negative affective responses and the triggering stimuli. Parents participating in the trial
complete pre-, mid-, and post-treatment measures of parenting behaviors in response to child
temper outbursts. These measures include ecological momentary assessment (EMA), in
which parents use smartphones to report on their responses to child outbursts in real time
(e.g., attention vs. active ignoring). Parents also complete behavioral tasks that parallel the
patient tasks described above, assessing attention orienting and reward learning in the
context of frustration. We will examine these data in relation to the patients’ data, to
investigate how changes in parental responses to temper outbursts relate to neural,
behavioral, and clinical changes in patients.

Key Questions for Future Research

In the coming years, we plan to test the hypotheses described here through continued
pathophysiological and treatment-related studies. As work in this area progresses, it will be
important to focus on several specific questions.

First, how might the mechanisms of exposure-based CBT for irritability compare to
mechanisms of exposure therapy for anxiety disorders? As noted above, our initial
consideration of exposure as an intervention for irritability stemmed from observations of its
comorbidity and shared features with anxiety. Similar to the model of irritability proposed
here, anxiety disorders involve phasic affective responses to threats and associated non-
normative behavior (LeDoux & Pine, 2016). However, whereas irritability involves aberrant
approach behavior toward threats, anxiety disorders involve avoidance behavior. These
differing behavioral responses to threat may implicate different neural circuitry and,
therefore, distinct potential targets for intervention (Brotman et al., 2017; Kircanski, White,
et al., 2018). In particular, while exposure therapy for anxiety disorders is thought to
enhance ventromedial PFC regulation of amygdala activation (Craske et al., 2008; Hauner et
al., 2012), we have postulated that one mechanism of exposure-based CBT for irritability
involves broader improvements in inhibitory control, mediated by dorsolateral and
ventromedial PFC engagement. Thus, it will be interesting to examine how exposure-driven
changes at the brain and behavioral levels compare across these two phenotypes. It is
possible that both forms of exposure target negative PE in response to threats (i.e., neural
encoding of the expectancy of aversive events), but only exposure for irritability also targets
cognitive control (i.e., active inhibition of outburst behavior in response to frustration).

Second, could this pathophysiological and treatment model apply to irritability
transdiagnostically, in the setting of other psychopathologies besides DMDD? As reviewed,
irritability is an associated symptom of many clinical presentations, including anxiety
disorders and depression (Cornacchio et al., 2016; Stoddard et al., 2014; Stringaris, Zavos,
Leibenluft, Maughan, & Eley, 2012; Toohey & DiGiuseppe, 2017). Recently, our group
reported an interaction between irritability and anxiety symptoms in relation to functional
connectivity between the amygdala and ventromedial PFC when viewing threatening faces
(Stoddard et al., 2017). In contrast, we found distinct neural correlates of irritability in youth
with DMDD vs. bipolar disorder (Wiggins et al., 2016); these contrasting findings may
reflect the stronger clinical and genetic links between irritability and anxiety (Savage et al.,
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2015; Stringaris et al., 2012) than between irritability and bipolar disorder (Sparks et al.,
2014). Similar research questions should be explored across multiple phenotype contexts.
Moreover, it is important to test whether exposure targeting irritability symptoms provides
incremental benefit for youth with other primary diagnoses such as anxiety or depression. To
the extent that youth with such comorbidities experience frustration and temper outbursts in
response to nonreward or threat stimuli, and those outbursts are distressing or impairing,
exposure for irritability may be worth considering.

Third, how does exposure-based CBT for irritability compare to established treatments for
disruptive behavior, particularly PMT? As a parent-delivered treatment, PMT intervenes at
the environmental level to modify maladaptive parent-child interactions. This approach
focuses on the consequences of child outbursts as noted above, as well as antecedent
processes such as the ways in which parents structure the child’s environment and give
commands for behavior (Barkley, 2013; Kazdin, 2010). Given that PMT typically focuses on
disruptive behavior in preschool-aged children (e.g., Comer et al., 2013) or adolescents with
primary antisocial behavior (e.g., Furlong et al., 2012), it is unclear whether PMT would be
effective for youth with chronic, severe irritability. Indeed, the vast majority of studies of
PMT have not reported on irritability as a baseline or outcome variable (Waxmonsky et al.,
2008, 2013). Future randomized controlled trials might compare exposure-based CBT to
traditional PMT for youth with irritability.

Of course, there are many more open, tractable research questions to pursue on pediatric
irritability in the years to come. It will be critical to conduct multi-modal studies that refine
our understanding of the links among brain, behavior, and environment in relation to this
phenotype. As research on pediatric irritability continues to advance, new studies can have a
significant impact on both scientific understanding and clinical care.
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Highlights

. We propose mechanisms of pediatric irritability across the brain, behavior,

and environment
. Key neurocognitive processes include prediction error and cognitive control
. These may be targets for exposure-based cognitive-behavioral therapy (CBT)

for irritability
. Exposure-based CBT for irritability is currently being tested in a clinical trial
. This research may inform understanding of the brain and behavior

mechanisms of CBT
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Primary targets of exposure-based CBT
for pediatric irritability
Cognitive control
inhibition, top-down regulation of frustration;
individual and developmental variation
Negative Occurrence
prediction error of aversive
event
Representation of shift Frustration Temper Consequences of
from current affective Expectancy v otV outburst outburst
state to more negatively- | of aversive affective non-normative parental or other
valenced state event response behavioral response environmental response
.

I

Reinforcement

Targets of parent interventions within
exposure-hased CBT for pediatric irritability

Figure 1. Exposure-targeted model of pediatric irritability.
Visual representation of proposed proximal processes that surround a clinically-significant

temper outburst in pediatric irritability, typically occurring within a timescale of minutes.
White boxes denote key constructs in bold text. Within each box, additional text briefly
describes the construct. Arrows denote direct or moderating influences of these components
on one another. Boxes encompassed by red background indicate the primary targets of
exposure-based CBT for irritability. Boxes encompassed by blue background indicate targets
of parent interventions within this CBT.
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