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Abstract

Deficits in self-regulation capacity have been linked to subsequent impairment and clinical
symptomology across the lifespan. Prior work has identified difficulty regulating angry emotions
(i.e., irritability) as a powerful transdiagnostic indicator of current and future clinical concerns.
Less is known regarding how irritability intersects with cognitive features of self-regulation,

in particular inhibitory control, despite its mental health relevance. A promising avenue

for improving specificity of clinical predictions in early childhood is multi-method, joint
consideration of irritability and inhibitory control capacities. To advance early identification

of impairment and psychopathology risk, we contrast group- and variable-based models of
neurodevelopmental vulnerability at the interface of irritability and inhibitory control in contexts
of varied motivational and emotional salience. This work was conducted in a longitudinal study
of children recruited at well-child visits in Midwestern pediatric clinics at preschool age (N

= 223, age range = 3-7 years). Group-based models (clustering and regression of clusters on
clinical outcomes) indicated significant heterogeneity of self-regulation capacity in this sample.
Meanwhile, variable-based models (continuous multiple regression) evidenced associations with
concurrent clinical presentation, future symptoms, and impairment across the broad spectrum

of psychopathology. Irritability transdiagnostically indicated internalizing and externalizing
problems, concurrently and longitudinally. In contrast, inhibitory control was uniquely associated
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with attention-deficit/hyperactivity symptoms. We present these findings to advance a joint
consideration approach to two promising indicators of neurodevelopmental vulnerability and
mental health risk. Models suggest that both emotional and cognitive self-regulation capacities
can address challenges in characterizing the developmental unfolding of psychopathology from
preschool to early childhood age.

Self-regulation; Irritability; Inhibitory control; Early childhood

Introduction

Development of the capacity for self-regulation—in emotional and cognitive arenas—is
characterized by significant and rapid change during early childhood, with critical
implications for mental health outcomes across the lifespan. Self-regulation represents

the set of internal processes that individuals employ to modulate emotional and cognitive
responses to stimuli (Blair & Raver, 2015; Murray et al., 2015). To improve understanding
of how these internal processes inform early mental health risk prediction, we looked across
two often disparate lines of research: emotional and cognitive self-regulation, i.e., irritability
and inhibitory control, as risk predictors.

Irritability, defined as difficulty regulating angry and frustrated emotions, is a highly salient
marker of dysregulation (Bilgin & Wolke, 2020; Wakschlag et al., 2019). In fact, irritability
is currently the most robust early marker of neurodevelopmental vulnerability to common
and modifiable forms of internalizing and externalizing psychopathology, and there is
increasing interest in defining the typical:atypical spectrum of this domain (Biedzio &
Wakschlag, 2019; Martel et al., 2013; Smith et al., 2019; Wakschlag et al., 2018). Extensive
work in this arena has supported the transdiagnostic nature of irritability (Beauchaine &
Tackett, 2020; Wiggins et al., 2018). Despite the demonstrated promise of irritability as a
predictor, there remains a need for science that captures the full typical:atypical spectrum
of irritability in a manner that is developmentally sensitive, given that our ability to
measure irritability and early psychopathology is often constrained by the rapid change

and development characteristic of early childhood (Krogh-Jespersen et al., 2021).

Another clinically predictive feature of self-regulation is cognitive, i.e., inhibitory control.
Inhibitory control is the ability to inhibit a pre-potent or practiced response, expressed
clinically as poor self-control (Nigg, 2017; Wiebe et al., 2015). Of note, inhibitory control
is likely contextually bound, with certain contexts having higher motivational salience than
others; we hereafter refer to the ability to regulate across contexts as /nhibitory modulation
(Wiebe et al., 2015). Like irritability, deficits in inhibitory control have been found to
possess high transdiagnostic relevance in assessing early mental health risk, with direct
assessments of this capacity in early childhood having been well validated in the field
(Berger & Buttelmann, 2022; Dougherty et al., 2015; Haynes et al., 2015; McGrath et al.,
2016; Nigg, 2017; Sonuga-Barke, 2002).
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While both irritability and inhibitory control have been repeatedly found to possess clinical
utility in identifying neurodevelopmental vulnerabilities, these constructs have rarely been
considered jointly and the behavioral intersection of irritability with inhibitory control in
young children is poorly understood (Healey et al., 2008; Martel et al., 2013). While prior
work has established that the capacities captured by emotionally charged tasks have unique
behavioral and cognitive sequelae (Hongwanishkul et al., 2005), there remains a need for
research investigating how and whether measurement of these constructs might intersect in
clinically useful ways. This includes a need for more extensive work exploring inhibitory
modulation as a means of examining irritability and inhibitory control jointly (Wiggins

et al., 2018). As the most salient clinical feature of irritability is dysregulated tantrums/
emotional outbursts (Wakschlag et al., 2012), it follows that impairments in inhibitory
control may manifest differently depending on the emotional and motivational context and
models which leverage this difference may provide useful insight into the intra-individual
variation that distinguishes typical:atypical self-regulation. Related work suggests that the
specific capacity assessed in an emotionally charged context—to regulate behavior and
emotions under varied motivational conditions—may be particularly important to identifying
early indicators of self-regulatory risk (Geeraerts et al., 2015; Sonuga-Barke, 2002). In
looking at the inhibitory control:irritability interface of self-regulation, a natural next step
is the development of models of neurodevelopmental vulnerability which capture inhibitory
control in both high-motivational (frustrative) and low emotional/mativational contexts, and
the ability to modulate response in switching between the two.

Challenges to and Merits of Joint Consideration

A significant challenge to joint consideration of cognitive and emotional self-regulation
lies in both the measurement and the modeling of these capacities. Measurement is
complicated by the significant inter- and intra-individual variability in acquisition and
consolidation of self-regulation in early childhood (Zelazo & Carlson, 2012), which make
it difficult to differentiate normative variability in regulatory abilities from clinically
concerning dysregulation (Wakschlag et al., 2010). Furthermore, the extant literature on
early development of emotional self-regulation has employed temperament as the primary
measure of this capacity (Karalunas et al., 2019). This proves a notable limitation in
predicting to clinical symptoms, as measures of temperament are limited in their ability to
capture the full range of the typical:atypical spectrum of irritability (Leibenluft & Stoddard,
2013).

In determining the best approaches for modeling how these constructs may relate to each
other, we look to prior work employing data-driven (e.g., “bottom-up”) approaches to
conceptualizing regulatory capacities. Prior work ascertaining latent “natural groupings”

of regulatory capacities within the context of early childhood development show promise,
particularly in capturing the full heterogeneity of cognitive features of neurodevelopmental
vulnerability to behavioral disorders (Bathelt et al., 2018). In related clinical science

work, such bottom-up approaches have elucidated the relation of irritability and
hypervigilance in the prediction of psychopathology (Salum et al., 2017). Similar work

by Karalunas et al. (2014) has deepened our understanding of early childhood disorder via
establishing the irritable-ADHD subtype with implications for intervention and impairment
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trajectories. Of note, there has been a recent call in the field for greater attention to
transdiagnostic approaches in studying neurodevelopmental risk, given significant inter-
individual heterogeneity even within a single disorder—of which the irritable-ADHD subtype
is only one example—which may limit our ability to conceptualize the clinical utility of our
predictors (Astle et al., 2022). Clustering methods in particular have been identified as a
promising method for conducting this work, alongside other group-based models of latent
factors as a means of addressing and reducing the not insignificant problem of measurement
variance (Gartner & Strobel, 2021).

Within this larger context of establishing methods for modeling heterogeneity, there

remains the question of how best to model jointly two capacities (i.e., irritability and
inhibitory control) with different behavior sequelae and presentations. Such inquiry is
worthwhile, as a joint-modeling approach to irritability and inhibitory control capacity has
the promise to improve specificity of risk identification and clinical prediction (Grabell

et al., 2018). Several studies support the potential value of joint consideration in clinical
identification models, as an indicator of increased symptom severity specifically for ADHD
in the presence of increased irritability (Healey et al., 2011; Rabinovitz et al., 2016).
Meanwhile, executive function deficits reflective of reduced inhibitory control capacity have
uniquely predicted later expression of disruptive behavior symptoms among preschool age
children considered “high-irritable” (Kessel et al., 2016). Others have applied this approach
meaningfully to explicate how a child’s early capacity for inhibiting worried thoughts
mediates the relation between fearful emotionality and symptoms of anxiety (Gramszlo et
al., 2018). Prior work in this arena has limited its examination to specific disorders or
domains (i.e., internalizing or externalizing disorder groups only), with a focus on clinical
outcomes rather than early predictors (e.g., (Karalunas et al., 2019). An important next step
in the field is the application of these methods to broad, well-characterized samples, as early
in the clinical sequence as possible for maximal impact (i.e., before a clinical referral or
diagnosis is merited; (Smith et al., 2019).

The Present Study

This paper builds on and extends foundational work in the arenas of transdiagnostic
prediction, early developmental identification, and measurement and analytic methodology
for joint consideration of target constructs. A novel contribution of this work is in

its prediction of promising early indicators to the broad spectrum of psychopathology;,
specifically predicting irritability (a key transdiagnostic indicator in early development),
inhibitory control, and inhibitory modulation to a full range of internalizing and
externalizing syndromes. In fact, the extant research most similar to the present study, which
clustered phenotypes of clinical risk, was restricted to prediction of ADHD (Healey et al.,
2011). Likewise, work by Healey et al. (2011); see also (Rabinovitz et al., 2016) comprises
the only other study to our knowledge that examines covariation of executive function

and emotion regulation in young children to predict to psychopathology of any kind. We
extend this work in preschoolers while predicting to a full range of internalizing and
externalizing outcomes. Furthermore, we leverage tools for measuring our target constructs
in dimensional, developmentally sensitive ways. Of note, we employ the Multidimensional
Assessment Profile of Disruptive Behavior (MAP-DB), which was designed to measure
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the typical:atypical spectrum of irritability, as opposed to measures of temperament which
have been frequently used in similar research (Healey et al., 2011; Karalunas et al., 2019).
Furthermore, we capture inhibitory control in two contexts of motivational salience via
inclusion of an inhibitory modulation construct, which allows us to assess intra-individual
variation in regulatory capacities across contexts. Finally, we contrast modeling and analytic
methods pioneered for use in developmental clinical science by others in the field (i.e.,
clustering, see Karalunas et al., 2014, 2019) with a regression approach in the same sample.

In this study, we employ developmentally sensitive measures of our core constructs, and
compare and contrast analytic approaches to jointly considering and modeling inhibitory
control and irritability. We present an exploratory analysis using hierarchical clustering
techniques to delineate naturally occurring groups along measures of irritability, inhibitory
control, and inhibitory modulation at preschool age. We then examine the incremental
clinical utility of our approaches for identifying children’s neurodevelopmental vulnerability
to later disorder via multiple regression. Using the group assignment derived from the
clustering approach as well as more traditional person-based models, we present both
group- and variable-based multiple regression models testing the relation of measures of
self-regulation to present and future clinical concerns (both specific symptomology and
general impairment). We investigate the promise of joint consideration of key constructs via
the following: inclusion of a measure of inhibitory modulation in our models, interaction
terms in the variable-based regression analyses, and group-based regression analysis, in
which groups are derived from k-means cluster analysis.

The aims of this study are twofold:

1. To model whether and how emotional and cognitive expressions of self-
regulation relate in early childhood via both an exploratory hierarchical
clustering model and continuous (variable-based) multiple regression, and

2. To assess the clinical utility of such methods of joint consideration for
identification and prediction of clinical outcomes.

We hypothesized that such joint consideration could improve clinical prediction. While we
in fact find that meaningful clusters can be derived from such data, the relation between
cluster and symptom type is complex, indicating the need for continued research at the
intersection of inhibitory control and irritability in early childhood.

Method

Participants

The broad analytic (V= 242 cross-sectional, /= 223 longitudinal) sample was derived
from a larger longitudinal study of early childhood irritability and disruptive behavior. The
recruitment process for this larger study has been described at length in related work (e.g.,
Wakschlag et al., 2012). In brief, recruitment in this larger study stratified participants by
race/ethnicity and a range of SES membership to ensure a diverse sample; children were
oversampled for psychopathology risk via parent-report measures of disruptive behavior
and family adversity. Consent and assent were obtained from a primary caregiver and
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participating child, respectively, at the first study visit and at each event during which data
were collected, via trained research assistants who reviewed consent/assent forms with each
participating child/adult one-on-one. All recruitment and study procedures were approved
by the Northwestern University’s Institutional Review Board (IRB#STU00083564) prior
to the start of study activities. In the present study, exploratory modeling was conducted
with those children who evidenced reliable completion of all three blocks of a computer-
based inhibitory control task, the Whack-A-Mole (WAM) and had complete irritability

data (V= 262; u=4.4, SD=0.75, range 3-6 years). Of note, this sample excluded 9
children who exhibited disengagement from the WAM task, as reported by the experimenter
and confirmed by the authors (see Fig. S1 in the supplementary materials for details).
Implications of task disengagement are expanded on in the discussion of study results;
details and rationale for determination of disengagement/engagement are described in
greater detail in “Measures”.

Modeling and analyses consisted of three components, each with slightly different sample
sizes due to data availability: 1) cluster modeling, in which we used the entire eligible
sample with usable data available at preschool age (7= 262), 2) cross-sectional regression (7
= 248), and 3) longitudinal regression (1= 223). Varying sample sizes across the modeling
and analytic components of the present study are due to missing data on key parent-report
measures (14 missing at preschool age, 39 missing at early school age).

For the analytic components of the present study, group- and variable-based multiple
regression models are restricted to those participants for whom we have complete
impairment and clinical symptom data at preschool and early school (4= 7.3, SD=1.02,
range 4-9 years) ages. The analytic sample was racially/ethnically diverse: children were
47% African American/black, 29% Hispanic, 22% Caucasian/white, and 2% reported race/
ethnicity as “Other.” The sample was also SES diverse; at the time of recruitment, 43%

of participating families were designated at or below the poverty level according to an
income-to-needs ratio, 14% near-threshold, and 43% above threshold. Participants included
in the analytic sub-samples did not vary significantly in demographic composition from the
original study sample.

All core measures tapping irritability and inhibitory control capacity were collected at

the preschool age time point of the study. Impairment was captured by the Family Life
Impairment Scale (FLIS) at three time points: the preschool age visit, a 9-month follow-up
survey (#=5.7, SD=0.75, range = 3-7 years), and the early school age visit (¢ = 7.3, SD
= 1.02, range = 4-9 years). Symptoms of psychopathology were assessed at preschool and
early school age using validated clinical interviews.

Inhibitory control and modulation.—The Whack-A-Mole (WAM; Casey et al., 1997,
see also Deveney et al., 2019) is a computerized Go/No-Go task using child-friendly
animation (e.g., moles) to gameify the task and engage participants; scores on this task have
been found to correlate significantly with neural activation and location of related regions
during task-based fMRI. The WAM has been widely used in both typically developing
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and neurodivergent preschool age populations to measure working memory and inhibitory
control (Casey et al., 2011). In this task, children were presented with animations of a mole
(the Go trial) and vegetables (the No-Go trial) and instructions to press the button only when
the mole appeared, as quickly and accurately as possible. The task consisted of 140 Go trials
and 60 No-Go trials. A three-block iteration of this task including a rigged block (inserted
between two “typical” iterations of the task) was meant to induce frustration and measure
ability to recover from the frustration. Rate of presentation during the non-rigged blocks
ranged from 1,600 to 2,200 ms and children received positive feedback from both the task
and the research assistant administering it. During the rigged block, trials were presented

at slightly shorter intervals (1,500 to 1,900 ms) and children received negative feedback on
task performance that was not related to actual accuracy of Go and No-Go trials. Block

1 was the standard task, which was designed to capture inhibitory control, and provided
children with accurate feedback about their performance. Block 2 of the task was a “rigged”
version of the same task in which the task responded at a delay such that children received
feedback indicating an incorrect response (i.e., that they had missed the target during the

Go trial) regardless of their actual performance, intended to be frustrating for all children.
Children were not informed of the difference in conditions specific to this block. Block
3was designed to assess recovery after frustration and, as in Block 1, provided accurate
performance feedback.

Determination of useable data: Observed task engagement on the WAM determined
usability of participant data. Because we wanted to avoid excluding children who simply
struggled with the task and thus fell below typical accuracy cut-offs, we checked the entire
sample for outliers and flagged participants for evaluation if they met dual criteria of task
accuracy below 80% and errors of commission (i.e., “false alarm” responses) above 50%.
We reviewed video-recordings of these sessions were reviewed to ascertain the validity

of task data based on recommendations of co-author Dr. Perlman, an expert in inhibitory
control. Scores were considered a valid representation of participants’ abilities for those who
were deemed “on task” (i.e., looking at the screen and operating the controller as instructed)
by a trained research assistant. Our approach here is consistent with clinical approaches to
similar tasks (e.g., CPT; Huang-Pollock et al., 2012).

Data reduction of the WAM: We calculated a change score using the d’ scores on the

first and third blocks of the WAM task. Block 1 assessed inhibitory control within a low
motivational context in a standard Go/No-Go task format. Block 2 was rigged for failure
with the intent of inducing frustration and provided participants with false negative feedback
about their performance. Due to the alterations made to Block 2 and the implications of
these alterations for interpretation of scores during the rigged condition, we calculated a
change score from the first to third block of the WAM reflecting inhibitory modulation, i.e.,
the ability to recover following frustration. The aforementioned change score is calculated
as the d’value on Block 1 subtracted from that achieved on Block 3. Thus, a positive
change score indicates improved performance on the WAM across the three blocks, and a
negative score indicates lower performance relative to the first exposure. Both the inhibitory
control and modulation (i.e., change) @ scores were ultimately standardized as z-scores for
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analyses, and thus reflect the relative abilities and improvement of participants within the
sample.

Irritability.—The Multidimensional Assessment Profile of Disruptive Behavior (MAP-DB;
Wakschlag et al., 2014) is a developmentally sensitive parent-report survey designed to
differentiate the normative misbehavior of early childhood from that which portends clinical
risk across multiple dimensions, with high internal consistency within the Temper Loss scale
(o =0.97). The analyses conducted in this study are restricted to this 14-item scale, as

it uniquely measures the typical:atypical spectrum of irritability (Wakschlag et al., 2012,
2014). Parents rated the frequencies of child’s behaviors on a 6-point Likert-type scale
ranging from 0 (“Never in the past month™) to 5 (“Multiple times per day”) in order to
reduce bias by including objective rather than subjective frequency scales. This measure was
designed to capture the range of irritability from developmentally expectable to clinically
concerning across multiple contexts (Deveney et al., 2019; Wakschlag et al., 2012). Item-
response theory (IRT) methods were used to generate the typical:atypical spectrum of
irritability (see Wakschlag et al., 2012). As IRT scores tend to have a standard deviation less
than one, z-scores were created to maintain consistency with the MAP-DB and WAM data
used in all models.

Impairment trajectories.—The Family Life Impairment Scale (FLIS; Mian et al., 2018)
was used to determine the level and type of functional impairment experienced as a result
of children’s behavior in three areas: child functioning, family functioning, and parental
functioning. The FLIS is a 19-item parent-report survey with a 3-point Likert-type scale in
which parents endorse agreement with specific statements of activities that may be difficult
for the child or family to complete, and has evidenced high internal consistency in preschool
and early school age populations (a ranging from 0.74 to 0.85). The FLIS was administered
at all three time points, enabling us to model impairment trajectories. In order to do this,

we fitted multi-indicator growth models with random intercepts and slopes across three
time points (i.e., at recruitment, at the preschool-age visit, and again at early school age;
Wiggins et al., 2018). Intercepts were centered at 5 years of age. At each observed time,

a latent variable for impairment was measured by the five observed indicator items, which
were modeled as an ordinal variable. Growth was modeled from the three latent variables,
using age as time scores. Parameters were estimated by robust maximum likelihood in
Mplus, version 6.11. Trajectory scores are individual estimates of the slopes of impairment
in the model across the three time points, indicating both the direction and magnitude of
impairment for participating children.

Clinical symptoms.—Developmentally specified DSM-based clinical interviews were
used to obtain symptom counts collected via semi-structured parent interview at preschool
(the Preschool Age Psychiatric Assessment, PAPA; (Egger & Angold, 2004) and early
school age (the Kiddie Schedule for Affective Disorders and Schizophrenia, K-SADS;
Kaufman et al., 1997). These semi-structured interviews were chosen for their high test—
retest reliability (intraclass correlation coefficients for each PAPA scale ranged from 0.61 to
0.80, see Egger et al., 2006, and kappas for each K-SADS scale range from 0.77 to 1.00,
Kaufman et al., 1997) and correlation with widely used diagnostic measures (e.g., Child
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Behavior Checklist). Clinical outcomes for our models consisted of continuous symptom
counts for common internalizing and externalizing disorders: separation anxiety, generalized
anxiety, depression, attention deficit/hyperactivity, and oppositional-defiant syndromes.
Multiple regression analyses for these outcomes were conducted separately at both time
points.

Analytic Overview

We employed two analytic approaches to joint consideration of inhibitory control and
irritability: hierarchical and follow-on k-means cluster analysis with regression of cluster
assignment against outcomes, and multiple regression (both with and without interaction
terms) against those same outcome variables.

Analysis 1: Clustering.—Clustering techniques were used to determine whether natural
groupings existed in our sample along inhibitory control and irritability domains, and if

S0, to characterize those groups along these domains. This analytic approach was applied

to test whether children’s scores across these domains fall together in ways that indicate

a behavioral pattern of (dys)regulation across our measures, indicating which children

are consistently more or less regulated than the others in the analytic sample. Given the
exploratory nature of the initial question, hierarchical clustering was conducted to perform
a bottom-up analysis of the data. Next, a k-means confirmatory analysis was employed with
the adegenet package of R (last updated for version 2.1.1) to gather metrics of validity
(Norusis, 2008).

Participant data were clustered on three variables: (1) performance on the WAM Block 1
(prior to frustration induction) as captured by &, (2) change in performance on the WAM
between Block 3 and Block 1 (i.e., after versus before frustration induction; also &) and

(3) parent-reported irritability (i.e., the Temper Loss scale of the MAP-DB). Because cluster
analysis is highly sensitive to differences in variance in scale in the data (Liu et al., 2010), all
variables were standardized as z-scores prior to conducting the cluster analysis (Milligan &
Cooper, 1988). Hierarchical cluster analysis in our sample generated the number of clusters
that best fit extant groups within the data, rather than imposing an assumed number of
groups on the data. Ward’s method was used as we did not assume that groups would be of
equal size.

Analysis 2: Hierarchical regression.—We conducted multiple regression for both
cluster assignment (group-based) and continuous scores (variable-based) as independent
variables along irritability, inhibitory control, and inhibitory modulation measures (Laursen
& Hoff, 2006). In the individual-based multiple regression multiples, interaction terms

for inhibitory control X irritability and inhibitory modulation x irritability were included
and examined as a mean conceptualization of joint consideration. Unstandardized betas
indicating the number of symptoms associated with either group membership (group-based)
or single unit increases in our irritability, inhibitory control, and inhibitory modulation
measures (variable-based).
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Analysis 2.a. Group-based.: Cluster assignment was a categorical independent variable
regressed to two sets of outcomes: impairment (the FLIS) and clinical symptom counts (the
PAPA) on k clusters in the data. These models allowed us to test the clinical utility of the
clusters.

Analysis 2.b. Variable-based.: This analysis consisted of multiple regression models
including the same outcome variables as Analysis 2.a, but instead used inhibitory control
task performance and irritability scores continuously. Joint consideration was attempted
analytically via the inclusion of two interaction terms for children’s /nhibitory control x
irritability and inhibitory modulation x irritability. In addition to testing the predictive utility
of jointly considering inhibitory control and irritability to later impairment, comparison of
the models in Analyses 2.a and 2.b provided insight on the relative clinical utility of cluster
analysis (i.e., our second analytic objective).

Analysis 1: Cluster analysis.

The cluster analysis consisted of several sets of related analyses, to verify the accuracy and
validity of the final generated groups. All models were fit to three variables: irritability
(MAP-DB Temper Loss score), inhibitory control (performance on WAM prior to frustration
induction), and inhibitory modulation (change in performance on the WAM affer frustration
induction). We first ran a hierarchical cluster analysis indicating 4 clusters. We then verified
the fit of this four-cluster solution using the Carlinski-Harabaz index, as recommended by
Liu et al. (2010). This is a conservative estimate of validity based on within- and between-
cluster distances. In applying this index, the highest value indicated that the four-cluster
solution best fit our data. Follow-on analyses indicated that the largest proportion of the
total variance explained by the clusters (61.5%) with the measure of irritability. The four
clusters (see Fig. 1) indicate slight overlap when participants are clustered into four groups.1
Clusters did not vary significantly in demographic composition.

The resulting clusters are comprised of different demonstrated ability across the three
domains of regulatory capacity (e.g., irritability, inhibitory control, and inhibitory
modulation). Table 1 indicates the mean scores of irritability, inhibitory control, and
inhibitory modulation associated with each of the clusters (see Table S1 in the
supplementary materials for a comparison of both standardized and unstandardized mean
scores by cluster). The mean scores in Table 1 were calculated from standardized values and
thus can be interpreted in terms of each group’s average performance relative to the mean of
the sample (i.e., a score of O is at the sample mean, 1 is a full standard deviation above the
sample mean).

Cluster One is our “well-regulated” group, comprised of children who possess average
inhibitory control, high inhibitory modulation in the context of frustration, and low
irritability. This group improved the most on the WAM following the emotion-induction

IClusters are presented in Fig. 1 along WAM (inhibitory control), WAM change (inhibitory modulation), amd MAP-DB (irritability)

SCOre axes.
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block (i.e., had the highest change score; ug1 = 1.766), scoring nearly 2 standard deviations
above the sample mean. While this group exhibited average inhibitory control (¢¢c1 = 0.02),
their irritability was low (147 = —0.55). Meanwhile, Cluster Four, the “dysregulated” group,
is comprised of those participants who scored the highest in irritability of the sample (44 =
0.99), nearly 1 standard deviation above the mean, and were also relatively low in baseline
inhibitory control performance (¢4c4 = —0.39). They exhibited moderately low inhibitory
modulation, performing slightly worse on the inhibitory control task following frustration
induction (tecq = -0.18).

We also found two “intermediate” groups who exhibited similarly poor inhibitory
modulation but were differentiated by their inhibitory control scores and irritability. These
clusters are here described in terms of regulation ability within the context of frustration:
“contextually bound” (Cluster Two) and “poor cross-contextual” (Cluster Three) regulation.
The contextually bound regulation group is comprised of children with average levels of
irritability (42 = 0.10) who also performed the highest on the inhibitory control task (4c2

= 1.18). Notably, this group scored below the sample mean for improvement from the

first to the third and final block (ugj, = —0.32), indicating diminished inhibitory control
following frustration induction.2 Thus, this group is considered high in inhibitory control
but with moderate levels of irritability, which may impede their ability to modulate response
to frustration. Cluster Three, those with comparatively poor cross-contextual regulation,
exhibited similar inhibitory modulation to the contextually bound regulation group, but with
notable differences in baseline inhibitory control and irritability. These children were the
least irritable in the sample, at nearly one standard deviation below the mean (43 = —0.90).
However, this group performed worse on the third block relative to the well-regulated group
(t4e13 = —0.36) and was comprised of participants who exhibited low initial performance on
the inhibitory control task (4¢3 = —0.35). Thus, the poor cross-contextual regulation group
was low in both inhibitory control and irritability, with the caveat that their ability to recover
from frustration was poor and hindered expression of their inhibitory control relative to the
other children in the sample.

Taken together, all four groups in the sample represent the heterogeneity of profiles of
preschool-age inhibitory control, modulation, and irritability.

Analysis 2.a: Cluster regression.

Impairment and number of symptoms of separation anxiety, generalized anxiety, depression,
attention-deficit/hyperactivity (ADHD), and oppositional-defiant (ODD) disorders were
separately regressed on cluster membership. The well-regulated group was used as the
comparison group for this analysis. Main effects (unstandardized beta) alongside 7 values
for this analysis are presented in Table 2 below. The cut-off for statistical significance

was set at 0.01 following a post-hoc Bonferroni correction for multiple comparisons
(Bonferroni, 1936). A small positive-but-not-significant association was found between
trajectories of parent and family impairment across the preschool and early school years
and the dysregulated group as compared with the well-regulated group (8= 0.65, p=

20f note, the unstandardized mean change score of this population is slightly above 0, which indicates minimal objective improvement
between the first and last trials of the WAM; z-scores speak to relative improvement (or lack thereof) within the analytic sample.
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0.028; p=0.14, p=0.047, respectively), reflecting pathways of increasing impairment
between preschool and early school ages. Cluster membership was significantly associated
with higher symptom counts for both externalizing and internalizing syndromes for the
dysregulated vs. well-regulated groups across the two time points. In particular, children in
the dysregulated cluster had significantly more symptoms of separation anxiety (8= 0.76, p
= 0.006), generalized anxiety (8= 0.91, p= 0.002), depression (8= 0.85, p=0.004), ODD
(B=1.76, p=0.000), and ADHD (8= 2.72, p=0.001) at preschool age. At early school
age, membership in this cluster was associated significantly with more symptoms of ODD
(B=2.84, p=0.000; i.e., 2.8 more symptoms of ODD as compared with those in the “well
regulated” cluster) only, at a higher magnitude than the cross-sectional preschool-age ODD
model. Children designated as having poor cross-contextual regulation (Cluster Three) had
fewer symptoms of depression (8= —1.54, p=0.013) at early school age relative to the
group that was most well-regulated overall. This same group was not significantly associated
with reduced number of symptoms at preschool age.

Analysis 2.b. Continuous multiple regression.

This analysis consisted of a multiple regression of the same variables used to generate

the aforementioned clusters. Beta and /< values for each model are presented in Table 3.
Interaction terms (inhibitory control X irritability, inhibitory modulation x irritability) were
also tested with no significant (or sizable) interaction found, and thus were excluded from
the final models. Covariates in all models were family socioeconomic status, child age,
gender, race/ethnicity, and performance on a direct, untimed cognitive assessment (i.e., the
Differential Ability Scales, Picture Similarities Subtest; Elliott, 1990).

Clinical symptom prediction—We found main effects of irritability on the number

of DSM-based symptoms (i.e., PAPA, K-SADS scores) for multiple internalizing and
externalizing syndromes at both preschool and early school age. Unstandardized beta

(B) values represent the number of symptoms on each syndrome subscale within the
age-appropriate psychopathology measure. Irritability was associated with symptoms of
separation anxiety, depression, attention deficit/hyperactivity, and oppositionality reported at
both preschool and early school age. Better inhibitory control performance was significantly
associated with lower number of ADHD symptoms at both preschool (8= —-0.835, p=
0.006) and early school age (8= -2.695, p=0.001). Neither inhibitory modulation nor the
interaction of irritability and inhibitory control were associated significantly with number

of symptoms across any internalizing or externalizing syndromes. An additional model
testing the interaction between inhibitory control and inhibitory modulation, as well as the
interaction between irritability and inhibitory modulation, yielded no significant effects on
symptom score count.

Impairment trajectory prediction—Irritability was associated with trajectories of child,
parent, and family impairment from preschool to early school age; however, inhibitory
control and inhibitory modulation were not significantly associated with impairment
trajectories. As with our models predicting to clinical symptoms, interaction terms proved
insignificant.
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Discussion

In this paper, we examined patterns at the intersection of young children’s irritability and
contextually varied inhibitory control, with the aim of evaluating the contributions of each

to clinical identification, both individually and together. We compared two potential methods
of conducting this work: group- and variable-based regression. In so doing, we demonstrate
two primary findings of note: 1) Hidden heterogeneity can be elucidated in part with
measures of cognitive and emotion regulation, and 2) Joint consideration of these constructs
preliminarily evidences incremental utility in identifying children’s neurodevelopmental
vulnerability to future psychopathology.

Our findings demonstrate that irritability and inhibitory control in two contexts of emotional
salience (e.g., including inhibitory modulation) do intersect in varied ways in their
prediction of clinical outcomes. The exploratory cluster analysis demonstrated that there

is heterogeneity in self-regulation capacity, which we would miss if looking only at

the components comprising our clusters as distinct indicators. Within our sample, there

are children for whom the story is more complex than being simply well or poorly
regulated. Of note, contextual variation (i.e., inhibitory modulation) did identify children
who appear phenotypically different from others in this sample. It is worth considering

the confirmation of hidden heterogeneity within our cluster analysis alongside the lack of
significant interaction effects according to the variable-based regression method. In the latter
analysis, performance on the inhibitory control task uniquely and significantly predicted
future ADHD symptomology, while irritability proved transdiagnostic, consistent with prior
work in this arena (Wakschlag et al., 2018). When considered alongside cognitive features
of self-regulation (i.e., inhibitory control and inhibitory modulation), the specificity of these
predictions appears to improve.

We note that irritability provided the most meaningful input to the formation of our
clusters and was the strongest predictor of both number of symptoms and severity of
impairment when making predictions at the individual level. It is important to note that
this may in part reflect method variance as both irritability and clinical outcomes were
assessed via parent-report whereas inhibitory control assessment was task-based. However,
we note that inclusion of parents as reporters is vital to the utility of the present study, as
parent perspectives are the primary drivers of clinical identification at this age (Blackwell
et al., 2020; Owens et al., 2015). Furthermore, the MAP-DB survey used here has

been validated in multiple large and diverse community samples of preschoolers, with
demonstrated generalizability across demographic sub-groups, alongside predictive validity
and mechanistic utility (Wakschlag et al., 2015).

Comparison of the clinical outcomes of the clusters revealed several meaningful patterns,
indicating the potential clinical utility of such an approach. Consistent with the literature
on irritability as a transdiagnostic indicator of risk, the dysregulated cluster (i.e., the most
irritable, with greatest deficits in inhibitory control and lowest capacity to modulate in the
context of frustration) had pervasively increased internalizing/externalizing symptoms at
preschool age as well as escalating impairment over time relative to the well-regulated
group. Notably, this dysregulated group was also at increased risk for symptoms (see
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unstandardized g values) of oppositional-defiant disorder at early school age, a disorder
in which dysregulation is a core feature. In contrast, the poor cross-contextual regulation
group, representing children with the lowest irritability, evidenced good inhibitory control
under low motivational conditions but poor inhibitory control in the frustrative context.
The children in this poor cross-contextual group were associated with reguced'risk for
depression at early school age relative to the well-regulated group. This isolated pattern
was unexpected, especially as it was not seen at preschool age. However, it may reflect

a set of children who react irritably when frustrated, which can be normative, but do not
have the chronic irritable mood (e.g., grumpiness) that subserves depressive patterns. These
children represent the opposite end of the theorized regulatory spectrum and the potential
protectiveness of greater self-regulation ability (Flouri et al., 2014; Mischel et al., 2011).
The puzzling nature of this finding underscores the importance of replication in other
samples and future work that captures cross-contextual regulation more directly.

Limitations of the present design and methods constrain interpretation. First, there are
inherent limits of measurement that attempts to “induce” frustration experimentally as we
did in the WAM: such tasks will not be equally frustrating for all children and deducing

the degree to which children actually experienced frustration in the “rigged”/false-feedback
condition is an additional challenge. We further note that the change scores calculated to
represent children’s inhibitory modulation (i.e., responses to emotion induction) are subject
to a ceiling effect for those who performed very well in the pre-frustration context, in

that there is little room for them to improve relative to others in the sample. Additionally,
applying a categorical (i.e., cluster) approach to our data, while valuable in the exploration
of how our latent construct relates to concurrent and future psychopathology, reduces the
explanatory power of those models in which cluster assignment is a predictor. This poses

a fundamental challenge to comparing our models to each other in terms of variance
explained by each. While the categorical variables derived from clustering methods are

at a methodological disadvantage when contrasted with continuous variables, collapsing
the sample into groups via a clustering approach informs our understanding of sub-groups
of children who may have different developmental trajectories over time, particularly in
characterizing the task-based performance and parent reports on an “at-risk™ dysregulated
group of children. Finally, the use of parent report data for our measure of irritability as
well as impairment and symptom data presents both advantages and challenges. Parent
response data with such a young population confers Aigh ecological validity, as parents
know their children best and ultimately determine whether or not to pursue and implement
clinical treatment in real-world contexts. At the same time, the absence of direct observation
of irritability and/or another informant on psychopathology is a limitation. We do note
however, that both parent report measures (i.e., MAP-DB and PAPA) query about contextual
information, including behavior both in out of home contexts (Egger & Angold, 2004;
Wakschlag et al., 2015).

Despite the limitations noted above, this work demonstrates that patterns of inhibitory
control under varied motivational contexts do not always move in tandem. Multi-method
approaches examining and inducing real-time frustration are an important area for future
research. This might include physiological indicators of heightened negative emotions
(e.g., heart rate) during the inhibitory control task as well as direct observation of
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irritability, such that a physiologic indicator of arousal can complement task performance
and observed behavior data. We have used this method successfully with direct observation
and neuroimaging methods in our other work (Fishburn et al., 2019). In addition, although
our sample was moderately sized, future investigations should draw on yet larger samples
to yield increased numbers of children in each cluster for sufficient variability. For example,
the well-regulated cluster had fewer than 40 children and even the largest (dysregulated)
cluster had an n7of 80. This precludes explication of individual differences (such as sex or
age differences or environmental variation) that may obscure the utility of the clusters.

We consider the present work an important step toward joint consideration of multiple facets
of self-regulation in the developmental unfolding of psychopathology. Future work can
benefit from applying and extending the analytic approaches outlined here in larger broad
population samples, and beginning in earlier development to examine the developmental
unfolding of these processes and their intersection. Additional work clustering multiple
facets of self-regulation capacity more directly should employ multimodal measurement

of irritability and inhibitory control across varied emotional and motivational contexts,

as well as exploring the differential effects of these variables on an outcome. These
approaches may improve conceptualization of the constructs in question and increase the
discriminatory power of the clusters that emerge from such analyses, as well as elucidating
the mechanisms driving the heterogeneity observed in the population of the present study.
Such work would elucidate the multi-faceted nature of clinical pathways within the context
of neurodevelopment to differentiate further typical variation in self-regulation from that
which is an early marker of neurodevelopmental vulnerability and concern.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

References

Astle DE, Holmes J, Kievit R, & Gathercole SE (2022). Annual Research Review: The transdiagnostic
revolution in neurodevelopmental disorders. Journal of Child Psychology and Psychiatry, 63(4),
397-417. 10.1111/jcpp.13481 [PubMed: 34296774]

Bathelt J, Holmes J, Astle DE, Holmes J, Gathercole S, Astle D, Manly T, & Kievit R.(2018).
Data-driven subtyping of executive function—related behavioral problems in children. Journal
of the American Academy of Child and Adolescent Psychiatry, 57(4), 252-262. 10.1016/
j.jaac.2018.01.014 [PubMed: 29588051]

Beauchaine TP, & Tackett JL (2020). Irritability as a transdiagnostic vulnerability trait: Current issues
and future directions. Behavior Therapy, 51(2), 350-364. 10.1016/j.beth.2019.10.009 [PubMed:
32138943]

Berger P, & Buttelmann D.(2022). A meta-analytic approach to the association between inhibitory
control and parent-reported behavioral adjustment in typically-developing children: Differentiating
externalizing and internalizing behavior problems. Developmental Science, 25(1), 1-12. 10.1111/
desc.13141

Biedzio D, & Wakschlag LS (2019). Developmental emergence of disruptive behaviors beginning
in infancy: Delineating normal:abnormal boundaries to enhance early identification. In Zeenah C.
(Ed.), Handbook of infant mental health (4th ed., pp. 407-425). The Guilford Press.

Bilgin A, & Wolke D.(2020). Infant crying problems and symptoms of sleeping problems predict
attachment disorganization at 18 months. Attachment & Human Development, 22(4), 367-391.
10.1080/14616734.2019.1618882 [PubMed: 31132936]

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2023 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nili et al.

Page 16

Blackwell CK, Wakschlag L, Krogh-Jespersen S, Buss KA, Luby J, Bevans K, Lai J-S, Forrest CB, &
Cella D.(2020). Pragmatic health assessment in early childhood: The PROMIS® of developmentally
based measurement for pediatric psychology. Journal of Pediatric Psychology, 45(3), 311-318.
10.1093/jpepsy/jsz094 [PubMed: 31774488]

Blair C, & Raver CC (2015). School readiness and self-regulation: A developmental psychobiological
approach. Annual Review of Psychology, 66(1), 711-731. 10.1146/annurev-psych-010814-015221

Bonferroni C.(1936). Teoria statistica delle classi e calcolo delle probabilita. Pubblicazioni Del R
Istituto Superiore di Scienze Economiche e Commericiali di Firenze, 8, 3-62. Retrieved December
30, 2021, from https://cir.nii.ac.jp/crid/1570009749360424576

Casey BJ, Trainor RJ, Orendi JL, Schubert AB, Nystrom LE, Giedd JN, Castellanos FX, Haxby JV,

Noll DC, Cohen JD, Forman SD, Dahl RE, & Rapoport JL (1997). A developmental functional
MRI study of prefrontal activation during performance of a Go-No-Go task. Journal of Cognitive
Neuroscience, 9(6), 835-847. 10.1162/jocn.1997.9.6.835 [PubMed: 23964603]

Casey BJ, Somerville LH, Gotlib IH, Ayduk O, Franklin NT, Askren MK, & Shoda VY.(2011).

Behavioral and neural correlates of delay of gratification 40 years later. Proceedings of the
National Academy of Sciences, 108(36), 14998-15003.

Deveney CM, Briggs-Gowan MJ, Pagliaccio D, Estabrook CR, Zobel E, Burns JL, Norton ES, Pine
DS, Brotman MA, Leibenluft E, & Wakschlag LS (2019). Temporally sensitive neural measures
of inhibition in preschool children across a spectrum of irritability. Developmental Psychobiology,
61(2), 216-227. 10.1002/dev.21792 [PubMed: 30328111]

Dougherty LR, Leppert KA, Merwin SM, Smith VC, Bufferd SJ, & Kushner MR (2015). Advances
and directions in preschool mental health research. Child Development Perspectives, 9(1), 14-19.
10.1111/cdep.12099

Egger HL, & Angold A.(2004). The Preschool Age Psychiatric Assessment (PAPA): A structured
parent interview for diagnosing psychiatric disorders in preschool children. Handbook of infant,
toddler, and preschool mental health assessment (pp. 223-243). Oxford University Press.

Egger HL, Erkanli A, Keeler G, Potts E, Walter BK, & Angold A.(2006). Test-retest reliability of
the preschool age psychiatric assessment (PAPA). Journal of the American Academy of Child &
Adolescent Psychiatry, 45(5), 538-549. [PubMed: 16601400]

Elliott CD (1990). Differential ability scales. The Psychological Corporation.

Fishburn FA, Hlutkowsky CO, Bemis LM, Huppert TJ, Wakschlag LS, & Perlman SB (2019).
Irritability uniquely predicts prefrontal cortex activation during preschool inhibitory control
among all temperament domains: A LASSO approach. Neurolmage, 184, 68-77. 10.1016/
j.neuroimage.2018.09.023 [PubMed: 30213776]

Flouri E, Midouhas E, & Joshi H.(2014). Family overty and trajectories of children’s emotional
and behavioural problems: The moderating roles of self-regulation and verbal cognitive ability.
Journal of Abnormal Child Psychology, 42(6), 1043-1056. 10.1007/s10802-013-9848-3 [PubMed:
24473936]

Gértner A, & Strobel A.(2021). Individual differences in inhibitory control: A latent variable analysis.
Journal of Cognition, 4(1), 1-18. 10.5334/joc.150 [PubMed: 33506167]

Geeraerts SBM, Deutz MHFM, Dekovi¢ MP, Bunte TMDP, Schoemaker KP, Espy KAP, Prinzie PP,
van Baar AP, & Matthys WMDP (2015). The child behavior checklist dysregulation profile in
preschool children: A broad dysregulation syndrome. Journal of the American Academy of Child
and Adolescent Psychiatry, 54(7), 595-602. 10.1016/j.jaac.2015.04.012 [PubMed: 26088665]

Grabell AS, Li Y, Barker JW, Wakschlag LS, Huppert TJ, & Perlman SB (2018). Evidence
of non-linear associations between frustration-related prefrontal cortex activation and the
normal:Abnormal spectrum of irritability in young children. Journal of Abnormal Child
Psychology, 46(1), 137-147. 10.1007/s10802-017-0286-5 [PubMed: 28315125]

Gramszlo C, Geronimi EMC, Arellano B, & Woodruff-Borden J.(2018). Testing a cognitive pathway
between temperament and childhood anxiety. Journal of Child and Family Studies, 27(2), 580-
590. 10.1007/s10826-017-0914-2

Haynes A, Kemps E, & Moffitt R.(2015). The moderating role of state inhibitory control in the effect
of evaluative conditioning on temptation and unhealthy snacking. Physiology and Behavior, 152(Pt
A), 135-142. 10.1016/j.physbeh.2015.09.020 [PubMed: 26409213]

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2023 November 01.


https://cir.nii.ac.jp/crid/1570009749360424576

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nili et al. Page 17

Healey DM, Marks DJ, & Halperin JM (2011). Examining the interplay among negative emotionality,
cognitive functioning, and attention deficit/hyperactivity disorder symptom severity. Journal
of the International Neuropsychological Society, 17(3), 502-510. 10.1017/S1355617711000294
[PubMed: 21466739]

Healey DM, Miller CJ, Castelli KL, Marks DJ, & Halperin JM (2008). The impact of impairment
criteria on rates of ADHD diagnoses in preschoolers. Journal of Abnormal Child Psychology,
36(5), 771-778. 10.1007/s10802-007-9209-1 [PubMed: 18224434]

Hongwanishkul D, Happaney KR, Lee WSC, & Zelazo PD (2005). Assessment of hot and
cool executive function in young children: Age-related changes and individual differences.
Developmental Neuropsychology, 28(2), 617-644. 10.1207/s15326942dn2802_4 [PubMed:
16144430]

Huang-Pollock CL, Karalunas SL, Tam H, & Moore AN (2012). Evaluating vigilance deficits in
ADHD: A meta-analysis of CPT performance. Journal of Abnormal Psychology, 121(2), 360-371.
10.1037/a0027205 [PubMed: 22428793]

Karalunas SL, Fair D, Musser ED, Aykes K, lyer SP, & Nigg JT (2014). Subtyping attention-deficit/
hyperactivity disorder using temperament dimensions: Toward biologically based nosologic
criteria. JAMA Psychiatry, 71(9), 1015-1024. 10.1001/jamapsychiatry.2014.763 [PubMed:
25006969]

Karalunas SL, Gustafsson HC, Fair D, Musser ED, & Nigg JT (2019). Do we need an irritable subtype
of ADHD? Replication and extension of a promising temperament profile approach to ADHD
subtyping. Psychological Assessment, 31(2), 236—247. 10.1037/pas0000664 [PubMed: 30359050]

Kaufman J, Birmaher B, Brent D, Rao UMA, Flynn C, Moreci P, Williamson D, & Ryan N.(1997).
Schedule for affective disorders and schizophrenia for school-age children-present and lifetime
version: Initial reliability and validity data. Journal of the American Academy of Child and
Adolescent Psychiatry, 36(7), 980-981. 10.1097/00004583-199707000-00021 [PubMed: 9204677]

Kessel EM, Meyer A, Hajcak G, Dougherty LR, Torpey-Newman DC, Carlson GA, & Klein DN
(2016). Transdiagnostic factors and pathways to multifinality: The error-related negativity predicts
whether preschool irritability is associated with internalizing versus externalizing symptoms at
age 9. Development and Psychopathology, 28, 913-926. 10.1017/S0954579416000626 [PubMed:
27739383]

Krogh-Jespersen S, Kaat AJ, Petitclerc A, Perlman SB, Briggs-Gowan MJ, Burns JL, Adam H,

Nili A, Gray L, & Wakschlag LS (2021). Calibrating temper loss severity in the transition
to toddlerhood: Implications for developmental science. Applied Developmental Science.
10.1080/10888691.2021.1995386

Laursen BP, & Hoff E.(2006). Person-centered and variable-centered approaches to longitudinal data.
Merrill-Palmer Quarterly, 52(3), 377-389. 10.1353/mpq.2006.0029

Leibenluft E, & Stoddard J.(2013). The developmental psychopathology of irritability. Development
and Psychopathology, 25(4), 1473-1487. 10.1017/S0954579413000722 [PubMed: 24342851]

LiuY, Li Z, Xiong H, Gao X, & Wu J.(2010). Understanding of internal clustering validation
measures. 2010 IEEE International Conference on Data Mining. IEEE.

Martel MM, Roberts B, & Gremillion ML (2013). Emerging control and disruptive
behavior disorders during early childhood. Developmental Neuropsychology, 38(3), 153-166.
10.1080/87565641.2012.758731 [PubMed: 23573794]

McGrath LM, Braaten EB, Doty ND, Willoughby BL, Wilson HK, O’Donnell EH, Colvin MK,
Ditmars HL, Blais JE, Hill EN, Metzger A, Perlis RH, Willcutt EG, Smoller JW, Waldman
ID, Faraone SV, Seidman LJ, & Doyle AE (2016). Extending the “cross-disorder” relevance of
executive functions to dimensional neuropsychiatric traits in youth. Journal of Child Psychology
and Psychiatry, and Allied Disciplines, 57(4), 462-471. 10.1111/jcpp.12463 [PubMed: 26411927]

Mian ND, Soto TW, Briggs-Gowan MJ, & Carter AS (2018). The family life impairment scale:

Factor structure and clinical utility with young children. Journal of Clinical Child and Adolescent
Psychology, 47, S530-S541. 10.1080/15374416.2018.1458313 [PubMed: 29718718]

Milligan GW, & Cooper MC (1988). A study of standardization of variables in cluster analysis. Journal

of Classification, 5(2), 181-204. 10.1007/BF01897163

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2023 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nili et al. Page 18

Mischel W, Ayduk O, Berman MG, Casey BJ, Gotlib IH, Jonides J, Kross E, Teslovich T, Wilson NL,
Zayas V, & Shoda Y.(2011). “Willpower” over the life span: Decomposing self-regulation. Social
Cognitive and Affective Neuroscience, 6(2), 252-256. 10.1093/scan/nsq081 [PubMed: 20855294]

Murray DW, Rosanbalm K, Christopoulos C, & Hamoudi A.(2015). Self-regulation and toxic
stress: Foundations for understanding self-regulation from an applied developmental perspective.
Washington, DC: U.S. Department of Health and Human Services OPRE Report 2015-21.

Nigg JT (2017). Annual Research Review: On the relations among self-regulation, self-control,
executive functioning, effortful control, cognitive control, impulsivity, risk-taking, and inhibition
for developmental psychopathology. Journal of Child Psychology and Psychiatry, and Allied
Disciplines, 58(4), 361-383. 10.1111/jcpp.12675 [PubMed: 28035675]

Norusis M.(2008). SPSS 16.0 advanced statistical procedures companion. Prentice Hall Press.

Owens JS, Storer J, Holdaway AS, Serrano VJ, Watabe Y, Himawan LK, et al. (2015). Screening for
social, emotional, and behavioral problems at kindergarten entry: Utility and incremental validity
of parent report. School Psychology Review, 44(1), 21-40. 10.17105/SPR44-1.21-40

Rabinovitz BB, O’Neill S, Rajendran K, & Halperin JM (2016). Temperament, executive control,
and attention-deficit/hyperactivity disorder across early development. Journal of Abnormal
Psychology, 125(2), 196—206. 10.1037/abn0000093 [PubMed: 26854505]

Salum GA, Mogg K, Bradley BP, Stringaris A, Gadelha A, Pan PM, Rohde LA, Polanczyk GV,
Manfro GG, Pine DS, & Leibenluft E.(2017). Association between irritability and bias in attention
orienting to threat in children and adolescents. Journal of Child Psychology and Psychiatry, 58(5),
595-602. 10.1111/jcpp.12659 [PubMed: 27782299]

Smith JD, Wakschlag L, Krogh-Jespersen S, Walkup JT, Wilson MN, Dishion TJ, & Shaw DS
(2019). Dysregulated irritability as a window on young children’s psychiatric risk: Transdiagnostic
effects via the family check-up. Development and Psychopathology, 31(5), 1887-1899. 10.1017/
S0954579419000816 [PubMed: 31370913]

Sonuga-Barke EJS (2002). Psychological heterogeneity in AD/HD-A dual pathway model
of behaviour and cognition. Behavioural Brain Research, 130(1-2), 29-36. 10.1016/
S0166-4328(01)00432-6 [PubMed: 11864715]

Wakschlag LS, Choi SW, Carter AS, Hullsiek H, Burns J, McCarthy K, Leibenluft E, & Briggs-Gowan
MJ (2012). Defining the developmental parameters of temper loss in early childhood: Implications
for developmental psychopathology. Journal of Child Psychology and Psychiatry, 53(11), 1099-
1108. 10.1111/j.1469-7610.2012.02595.x [PubMed: 22928674]

Wakschlag LS, Perlman SB, Blair RJ, Leibenluft E, Briggs-Gowan MJ, & Pine DS (2018).

The neurodevelopmental basis of early childhood disruptive behavior: Irritable and callous
phenotypes as exemplars. The American Journal of Psychiatry, 175(2), 114-130. 10.1176/
appi.ajp.2017.17010045 [PubMed: 29145753]

Wakschlag LS, Roberts MY, Flynn RM, Smith JD, Krogh-Jespersen S, Kaat AJ, Gray L, Walkup J,
Marino BS, Norton ES, & Davis MM (2019). Future directions for early childhood prevention of
mental disorders: A road map to mental health, earlier. Journal of Clinical Child and Adolescent
Psychology, 48(3), 539-554. 10.1080/15374416.2018.1561296 [PubMed: 30916591]

Wakschlag LS, Tolan PH, & Leventhal BL (2010). Research Review: “Ain’t mishehavin”: Towards
a developmentally-specified nosology for preschool disruptive behavior. Journal of Child
Psychology and Psychiatry, 51(1), 3—22. 10.1111/j.1469-7610.2009.02184.x [PubMed: 19874427]

Wakschlag LSP, Briggs-Gowan MJP, Choi SWP, Nichols SRP, Kestler IMPH, Burns JLMS, Carter
ASP, & Henry DP (2014). Advancing a multidimensional, developmental spectrum approach
to preschool disruptive behavior. Journal of the American Academy of Child and Adolescent
Psychiatry, 53(1), 82-96. 10.1016/j.jaac.2013.10.011 [PubMed: 24342388]

Wakschlag LSP, Estabrook RP, Petitclerc AP, Henry DP, Burns JLMS, Perlman SBP, Voss JLP, Pine
DSMD, Leibenluft EMD, & Briggs-Gowan MLP (2015). Clinical implications of a dimensional
approach: The normal:Abnormal spectrum of early irritability. Journal of the American Academy
of Child and Adolescent Psychiatry, 54(8), 626—-634. 10.1016/j.jaac.2015.05.016 [PubMed:
26210331]

Wiebe SA, Clark CAC, De Jong DM, Chevalier N, Espy KA, & Wakschlag L.(2015). Prenatal tobacco
exposure and self-regulation in early childhood: Implications for developmental psychopathology.

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2023 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Nili et al. Page 19

Development and Psychopathology, 27(2), 397-409. 10.1017/S095457941500005X [PubMed:
25997761]

Wiggins JL, Briggs-Gowan MJ, Estabrook R, Brotman MA, Pine DS, Leibenluft E, & Wakschlag LS
(2018). Identifying clinically significant irritability in early childhood. Journal of the American
Academy of Child and Adolescent Psychiatry, 57(3), 191-199. 10.1016/j.jaac.2017.12.008
[PubMed: 29496128]

Zelazo PD, & Carlson SM (2012). Hot and cool executive function in childhood and
adolescence: Development and plasticity. Child Development Perspectives, 6(4), 354-360.
10.1111/.1750-8606.2012.00246.x

Res Child Adolesc Psychopathol. Author manuscript; available in PMC 2023 November 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Nili et al.

Inhibitory Modulation

Page 20

. 1
A 2

<r - _ L3

M 4 & 4

ad . Vs

o 4 v: v AL L i

w0y 1

n 2

- = 4 0 1 2 3 4

Inhibitory Control

Fig. 1.
Clustering of Inhibitory Control, Modulation (d” WAM scores), and Irritability (MAP-DB)
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