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Abstract

Objective—Advances in developmentally sensitive measurement now enable differentiation of
normative vs. clinically salient irritability in early childhood. Yet, clinical application of these
measures is still nascent. Here, we first developed an optimized model of clinically salient irritable
behaviors at preschool age. Based on this model, we next derived an empirically-based cutoff in
relation to concurrent DSM-5 irritability-related disorders (i.e., oppositional defiant disorder
[ODD], disruptive mood dysregulation disorder [DMDDY], other depressive disorders) and used
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longitudinal models to test the predictive validity of the cutoff for impairment and irritability
trajectories and later DSM disorders.

Method—pPreschool children oversampled for irritability were followed over three time points
into early school age (N=425; mean age at baseline=4.7 years, mean follow-up=2.9 years).
Mothers reported on children’s irritability via the developmentally-validated Multidimensional
Assessment of Profile of Disruptive Behavior (MAP-DB) Temper Loss scale, impairment via the
Family Life Impairment Scale, and DSM categories via the Preschool Age Psychiatric Assessment
and Kiddie Schedule for Affective Disorders and Schizophrenia-Present and Lifetime Version.

Results—Of 22 MAP-DB Temper Loss behaviors, two behaviors—one normative (easily
frustrated), one rare, dysregulated (destructive tantrums)—uniquely related to cross-domain
impairment. At baseline, these two irritability items identified diagnostic status (ODD, DMDD,
other depressive disorders) with good sensitivity (70-73%) and specificity (74-83%). Also,
children above the irritability cutoff at baseline exhibited more persistent irritability and
impairment and greater likelihood of DSM disorders in early school-age.

Conclusion—cClinical identification of early-onset irritability can be enhanced via brief,
developmentally optimized indicators. Further research to apply these findings to tiered early
intervention is important.
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INTRODUCTION

Frustration, the normative response to blocked goal attainment, is typically associated with
anger. However, there are substantial individual differences in the angry responses evoked by
frustration, e.g., in terms of ease of elicitation, intensity, recovery, and responsiveness to
social supports.1—3 Atypical irritability can be defined as a tendency to respond to frustration
with increased levels of anger, relative to normative patterns within a developmental period.
Thus, whereas brief, mild temper tantrums represent normative misbehavior of early
childhood,* tantrums and irritable mood can become clinically salient when they are
pervasive, dysregulated, and occur in developmentally unexpectable contexts.>~7 Clinical
levels of irritability are common, impairing, and predictive of mood and behavioral disorders
through adulthood.8-10 Irritability is also important transdiagnostically; atypical irritability
is represented in over a dozen DSM-5 psychiatric disorders, especially oppositional defiant
disorder (ODD), pediatric depression, and the new disruptive mood dysregulation disorder
(DMDD). However, irritability symptoms in the DSM are not developmentally defined,
impeding differentiation of normative mishehavior from clinical problems, e.g., how to
determine when “often losing temper” is of clinical concern, as 83.7% of preschoolers
regularly have temper tantrums.* Efficient identification of those irritable behaviors that
sensitively and specifically differentiate normal from abnormal irritability in young children
(i.e., preschoolers) is a foundational step toward effective screening for the onset of
irritability-related syndromes in the early phase of the clinical sequence. Prior work from
our group has identified an early irritability severity continuum,® 11 yet these findings have
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not been clinically applied. No study has identified specific features of irritability that relate
to impairment nor derived cutoffs. Thus, our goal is to use developmentally specified
features of irritability to identify preschool-age irritable behaviors, with empirically-based
frequency thresholds that most sensitively and specifically identify concurrent and early
school-age DSM irritability-related disorders and longitudinal patterns of impairment.
Specifically, we (1) develop an optimized model of clinically salient irritable behaviors at
preschool age by identifying features of irritability that uniquely relate to cross-domain
impairment, and, based on this model, we (2) derive an empirically-based cutoff in relation
to DSM irritability-related syndromes, and (3) test predictive validity of the cutoff for
impairment and irritability trajectories from preschool to school age as well as DSM
disorders in early school age.

Increasingly, early childhood studies draw on developmentally sensitive methods of
irritability assessment that account for qualitative features and context of irritability to
facilitate normal:abnormal differentiation.3 4 6 12 Qur focus here is on the
Multidimensional Assessment Profile of Disruptive Behavior (MAP-DB) Temper Loss scale,
which we used to define a developmentally-based irritability spectrum in preschoolers.
Variation along the Temper Loss Scale predicts mood, anxiety, and disruptive symptoms as
well as subsequent impairment.6 As theorized, highly dysregulated irritable behaviors (e.g.
tantrum till exhausted) are indicators of severity relative to normative misbehaviors elicited
at times of transition and demand (e.g., tantrum during daily routine). In addition, severe
irritability differs from normative misbehavior in that the former is very frequent (e.g., daily)
or occurs in developmentally unexpectable contexts (e.g. “out of the blue”).* These features
are ascertainable from the MAP-DB, which assesses objective, rather than subjective,
frequency of behavior, with concrete anchors such as “3 times in the past week,” rather than
“sometimes” or “often.”13

However, investigations designed to generate clinical applications of early irritability
measurement are lacking.14 A number of developmentally sensitive methods for assessing
clinically salient features of irritability in young children have been created (e.g., MAP-DB;
Disruptive Behavior Diagnostic Observation Schedule, DB-DOS!%: 16; and Preschool Age
Psychiatric Assessment, PAPAL?). However, to date, no study has identified which features
are essential for sensitive and specific clinical identification. Generating optimized (i.e.,
brief, parsimonious) methods for determining when young children’s irritability is of clinical
concern and requires intervention is essential to translate this science base to clinical use. As
we have noted, differentiation of irritability and related disruptive behaviors in DSM s
developmentally imprecise because it does not provide parameters for differentiating
common mishehaviors from symptoms.18 Although the DSM-5 attempts to better account
for developmental considerations in criteria for ODD (i.e., specifying a higher frequency
threshold relative to older children), this was not empirically derived. Further, DSM-5
criteria for DMDD automatically exclude children younger than 6 years, despite research
suggesting abnormally high levels of irritability are identifiable in early childhood and
associated with impairment.5: 19. 20 Empirically deriving cutoffs for irritable behaviors,
particularly based on developmentally sensitive data that span the full spectrum of normal to
abnormal behavior, is advantageous for reducing false positives and false negatives at the
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early phase of the clinical sequence, particularly because irritability presages myriad clinical
syndromes.®

The overall goal of the present study is to generate an efficient, clinically informative
approach that will parsimoniously identify “when to worry” about irritability in preschool-
aged children. First, of the 22 behaviors on the MAP-DB Temper Loss scale reflecting a
dimensional spectrum of irritability, we identify those individual behaviors uniquely
informative for cross-domain impairment. We next determine a threshold for the summed
score of the frequencies of those irritability items (i.e., the clinically optimized irritability
score) that balances peak sensitivity and specificity in relation to key irritability-related
DSM disorders, i.e., ODD, DMDD (ascertained using an algorithm validated in preschool
samples that relaxed the age-graded exclusion criteria and increased the frequency
threshold), and other non-DMDD depressive disorders (major depression, dysthymia,
depressive disorder not otherwise specified).21-23 Lastly, to establish predictive validity of
this clinically optimized irritability score, we compare preschoolers with and without
elevated irritability at preschool age on growth of impairment and irritability into school age
and likelihood of early school-age DSM disorders.

Data were from the Multidimensional Assessment of Preschoolers Study (MAPS?),
comprised of a large sample of children, aged 3-5 at baseline, recruited from the waiting
rooms of five pediatric clinics in the greater Chicago area (for details see 6). For the present
study, we focused on the intensive subsample of the MAPS cohort assessed longitudinally
over 3 time points spanning preschool to early school age (T1: mean age= 4.66 years, SD=.
85; T2: mean=>5.46 years, SD=.91; T3: mean=7.08 years, SD=1.1). This intensive subsample
was clinically enriched due to oversampling for disruptive behavior as well as domestic
violence, which increases risk for irritability and other psychopathology in children. N=425
families participated in the baseline clinical assessment at T1 (preschool); of these, data on
irritability and impairment were available for 95% (n=403) at T2 and 84% (n=355) at T3
(early school age). n=316 additionally participated in a visit in the lab at early school age for
diagnostic reassessment; n=5 children were missing data on key measures and were
excluded from analyses, thus the sample analyzed for follow-up diagnoses at early school
age was n=311. Children who did not participate in one or more follow-ups had comparable
overall irritability levels (MAP-DB Temper Loss scale, see below, #93=.639, p=.523), race/
ethnicity (x2=.013, df=1, p=.909), maternal education level (x?=2.768, df=5, p=.736) to
children with data at all time points, although they were more likely to be boys (X2:5.597,
df=1, p=.018). Participant characteristics are provided in Table 1.

Irritability—The Temper Loss scale of the MAP-DBS was administered at all three time
points (for detailed description see 6). The 22 Temper Loss items (see Supplemental
Methods, available online, and 4) measure mood and tantrum features of irritability and
capture variation in quality, intensity, and context. Items are rated on frequency in the past
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month: O=never in the past month; 1=rarely (less than weekly); 2=some days (1-3 days per
week); 3=most days (4-6 days); 4=daily; 5=multiple times per day. The dimensional Temper
Loss scale comprised of these items has excellent psychometric properties and validity.4 13
Here, we examined individual irritable behavior items from this scale in relation to
impairment.

The anger modulation scores for parent and examiner contexts in the Disruptive Behavior
Diagnostic Observation Schedule (DB-DOS’; obtained at T1) and the Affective Reactivity
Index (ARIY; T3) were used as additional indicators of irritability (Table 1). The DB-DOS is
a standardized clinical observation measure coded by trained, reliable examiners and
includes observed anger modulation with the parent’. The ARI is a brief, 6-item, parent-

reported survey indexing children’s trait irritability, with very good psychometric properties.
1

Impairment—Impairment was assessed with the Family Life Impairment Scale (FLI1S%4),
administered at all three time points to assess the extent to which children’s emotions and
behavior interfered with functioning in three domains: the child’s functioning (Child
Functional Impairment, e.g., “My child RARELY plays with other children his/her age [due
to child’s challenging behavior/feelings],” 5 items); interactions with their family (Family
Impairment, e.g., “We RARELY take him/her to visit our family or friends,” 5 items); or
childcare, for the 89% currently in childcare/school (Childcare Impairment, e.g., “...we
OFTEN get complaints about his/her behavior from his/her teacher, babysitter, or school,” 9
items). Items were rated on a 3-point scale (0="not true,” 1="somewhat true,” 2="very true”;
mean Cronbach’s a.=.75, range=.63-.81).% Cross-domain impairment was defined as present
if one or more indicators of impairment were endorsed (score =1) in two or more FLIS
domains (i.e., Child Functional, Family, and/or Childcare Impairment).

Clinical Diagnoses—ODD, DMDD (excluding the >6 years of age requirement and using
the higher frequency threshold (i.e., “every day,” as established by other early childhood
cohorts to prevent over-identification,23 vs. 3x/week as in DSM-5)21: 25 and other depressive
disorder diagnoses (major depressive disorder, dysthymic disorder, or depressive disorder
not otherwise specified), were ascertained at baseline using the Preschool Age Psychiatric
Assessment (PAPAL?), a semi-structured interview with the parent. Diagnostic algorithms
excluded the impairment requirement to avoid potential circularity with Aim 1. Although
our focus was on ODD, DMDD, and other depression diagnoses, we additionally assessed
for other DSM disorders: generalized anxiety, social anxiety, conduct, and attention-deficit/
hyperactivity disorders. Inter-rater reliability was monitored on 20% of all interviews and
ranged from x=.83 to 1.00 on the diagnoses. We additionally re-assessed diagnoses at early
school age for a subset of the children who participated in the lab visit at T3 (n=311) using
the Kiddie Schedule for Affective Disorders and Schizophrenia — Present and Lifetime
Version (K-SADS-PL).28 In addition to children who did or did not meet all criteria for each
disorder, a “subclinical” category captured children who met symptom but not duration or
impairment criteria for ODD or DMDD.
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Analytic Overview

Aim 1: Develop Optimized Model of Clinically Salient Irritable Behaviors at
Preschool Age—For our first aim, we ascertained the irritability items of the Temper Loss
scale of the MAP-DB that related most strongly and uniquely to presence of FLIS cross-
domain impairment. As tantrums and irritable mood are normative during this period, cross-
domain impairment was considered a more rigorous indicator of concern to account for
developmentally expectable expressions of irritability in this age period.

We used individual behaviors from the Temper Loss scale, rather than the underlying factor
score, to create the most parsimonious model of irritability features necessary to
discriminate impairment. Including the individual items in this first step of the model allows
us to pinpoint the most salient aspects of quality, intensity, and context of mood and tantrum
features of irritability, all of which have been shown to contribute to severity. This approach
further allows us to determine the minimum number of items required, helping to reduce
patient burden in clinical settings. We implemented stepwise logistic regression, using
forward entry with likelihood ratio comparison of models, in IBM SPSS statistical software
(Chicago, IL) to ascertain the predictive value of each individual irritability item from the
Temper Loss scale using the FLIS cross-domain impairment indicator. Stepwise logistic
regression tests all items individually and in combination and identifies the items with the
strongest relationship with impairment; this method is advantageous for variable selection
when predictors may be correlated?” and to determine most parsimonious models.

Aim 2: Derive Empirically-Based Cutoff for Clinically Optimized Irritability
Score for DSM-5 Disorders Featuring Irritability (i.e., ODD, DMDD, Other
Depressive Disorders)—For our second aim, we derived a threshold for the summed
score of the derived irritability items from Aim 1 (i.e., clinically optimized irritability score),
i.e., the frequency cutoff for the behaviors identified in Aim 1 that balances peak sensitivity
and specificity in relation to ODD, DMDD, and other non-DMDD depressive disorders
(major depression, dysthymia, depressive disorder not otherwise specified), using receiver-
operator-characteristic (ROC) analysis. Though the primary focus was on irritability-related
syndromes, we also used any DSM disorder (generalized anxiety, social anxiety, conduct,
attention-deficit/hyperactivity disorders in addition to DMDD, ODD, or other depressive
disorders) for comparison in an ROC analysis. T1 summed score of the irritability items
from Aim 1 was the criterion variable and diagnosis (present vs. absent) was the
classification variable. Youden’s Index values were utilized to identify the optimal cutoff
score, based on the highest levels of both specificity (i.e., true negative rate) and sensitivity
(i.e., true positive rate). This analysis was implemented in R with package
OptimalCutpoints.28

Sensitivity and specificity values are considered acceptable at rates >70%.29 We additionally
calculated positive predictive (PPV, i.e., probability that children who met the irritability
cutoff also met diagnostic criteria) and negative predictive (NPV, i.e., probability that
children who did not meet irritability cutoff also did not meet diagnostic criteria) values. We
are unaware of published, recommended minimum PPV or NPV, although other high-stakes
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tests deem PPV as low as 10% acceptable.30 Last, we tested for sociodemographic
differences between children who meet vs. do not meet the irritability cutoff.

Aim 3: Test Predictive Validity of the Clinically Optimized Irritability Score
Cutoff for Growth of Impairment and Irritability From Preschool to Early
School Age and Early School Age DSM Disorders—\We next compared growth
curves for children above or below the baseline irritability cutoff from Aim 2. To examine
changes in growth of impairment across these groups, we utilized growth mixture modeling
with known classes (meeting vs. not meeting the irritability cutoff at baseline). Age,
centered on the mean age at the first time point (4.66 years), was entered as the time score,
loading each time point by the child’s actual age, to more accurately estimate trajectories.
We compared children meeting vs. not meeting the irritability cutoff at baseline on their
intercepts (representing mean levels of impairment at average baseline age, 4.66 years) and
slopes (representing degree of change in impairment over time) in models estimating
separate trajectories for FLIS Child and Family Impairment subscales. We additionally
estimated single class growth curve models for comparison,3! considering multiple fit
indices (Bayesian Information Criterion [BIC], sample size-adjusted BIC [SSABIC], and
Akaike Information Criterion [AIC]) to confirm that the two-class models fit better than the
single-class models; lower values on these indices indicate relatively better model fit. To
avoid local maxima, all models were run with 5000 random starts. Analyses were
implemented in Mplus 8 statistical software (Muthen and Muthen, Los Angeles, CA),
because Mplus uses the expectation maximization algorithm to obtain maximum likelihood
estimates with robust standard errors, the preferred method for data that are missing at
random.32 The trajectory analyses in Mplus identified group differences at T1 (i.e., the
intercept); to further describe potential group differences in trajectories, we performed post
hoc pair-wise comparisons in SPSS for the children who meet vs. do not meet the irritability
threshold on impairment at the subsequent time points (T2, T3), false discovery rate (FDR)
corrected for multiple comparisons. We examined continuity of the clinically optimized
irritability score with a similar growth curve approach as well as correlations over time.
Moreover, we examined whether meeting the irritability cutoff at one, two, or three time
points significantly related to FLIS Child and Family Impairment using ANOVA with
Tukey-corrected post hoc comparisons. Lastly, we examined whether meeting the irritability
cutoff at preschool age predicted DSM disorders in early school age.

Aim 1: Develop Optimized, Parsimonious Model of Clinically Salient Irritable Behaviors at
Preschool Age

The final stepwise logistic regression model identified 2 of 22 MAP-DB Temper Loss
irritability items as uniquely predicting FLIS cross-domain impairment: “become frustrated
easily” (p<.001), and “break or destroy things during a temper tantrum, fall-out, or
meltdown” (p=.002). With every unit increase in score (increase in frequency) on “frustrated
easily,” the odds of cross-domain impairment increased by 1.46; for “break/destroy,” odds
increased by 1.56. (Of note, performance of each of these two items in predicting cross-
domain impairment exceeded that of the full 22-item Temper Loss scale, odds ratio=1.04,
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p<.05.) This final model performed significantly better than the baseline model (i.e.,
modeling a constant only) (AX2:43.82, df=2, p<.001) as well as the step 1 model
(AX2:10.39, df=1, p=.001), which added “frustrated easily” to the baseline model. The final
model saw these two items (“frustrated easily,” “break/destroy”) explain 15.6% of the
variance in cross-domain impairment and was a good fit to our data (Hosmer and
Lemeschow X2:1.59, df=5, p=.902). Results were similar when rerunning the model with
probit-transformed irritability items to address potential skew in the predictors as well as
with only two domains of impairment to account for the 11% of children not in childcare
(Supplement 1, Results, available online).

Aim 2: Derive an Empirically-Based Cutoff for Clinically Optimized Irritability Score in
Relation to Concurrent DSM-5 Irritability-Related Syndromes (i.e., ODD, DMDD, Other
Depressive Disorders)

Generating Cutoff—Scores on the two items identified in Aim 1 (“frustrated easily” and
“break/destroy”) were summed to create the clinically optimized irritability score used in
Aims 2 and 3 (mean=2.05, SD=1.96, range=0-10; Figure 1). ROC analyses showed that this
optimized irritability score was a sensitive and specific indicator of irritability-related
syndromes (ODD, DMDD, other non-DMDD depressive disorders [major depression or
dysthymic disorder, or depressive disorder not otherwise specified]) (Table S1, available
online). Areas under the curve for ODD, DMDD, and other depressive disorders (AUC=.
80-.81, all ps<.001, Figure 2) indicate good classification accuracy of the irritability score.
Across all three disorder categories, the optimal cutoff was a score of 3 on the summed
MAP-DB irritability items (peak Youden’s Indices=.46-53), which balanced sensitivity (70—
73%) and specificity (74-83%). That is, up to 73% of children identified as having an
irritability-related diagnosis were correctly classified as meeting the irritability cutoff
(sensitivity) and up to 83% of children who did not meet each of the diagnoses separately
were correctly classified as not meeting the irritability cutoff (specificity). The categories
(ODD, DMDD, other depressive disorders) did not differ on AUC, sensitivity, or specificity
values (©>.05). In addition, up to 58% of children meeting the irritability cutoff also meet
diagnostic criteria for one of the three disorder categories, calculated separately (PPV), and
97% of children not meeting diagnostic criteria also do not meet the irritability cutoff (NPV)
(Table S1, available online). Additional analyses with the “any DSM diagnosis
classification” variable indicated significant AUC (.75, p<.001) and identified the same
cutoff (score of 3), but with lower sensitivity (51%) and slightly higher specificity (87%)
than each of the irritability-related syndromes separately. PPV for any diagnosis vs. each of
the irritability-related syndromes was higher (74%), though NPV was lower (71%) (Table
S1, available online).

Variation in Patterns Meeting Cutoff—In this enriched sample, 30% scored above and
70% below the cutoff of 3. To achieve a score at the irritability cutoff value of 3, parents
must have at least endorsed both irritable behaviors occurring over the course of the past
month (e.g., one behavior occurring monthly [score of 1] and the other 1-3 days/week [score
of 2] or, one irritable behavior occurring more frequently (most days of the week [score of 3
or higher]). Table S2 (available online) shows the frequencies of potential combinations of
scores on the two items. Of children who meet the irritability cutoff, all were reported to

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Wiggins et al. Page 9

“become frustrated easily,” with most (96.1%) reporting the behavior as occurring at least
weekly. This is consistent with the normative nature of this milder behavior. Thus, virtually
all irritable young children who are impaired are easily frustrated. However, they vary more
substantially in the frequency in which they exhibit the severely dysregulated behavior, i.e.,
“break or destroy things during a temper tantrum...” (23.6% never in the past month; 27.6%
less than weekly; 30.7% weekly, 18.1% 4-6 days per week). That is, nearly a quarter never
exhibits this behavior (over past month), and another quarter does so infrequently. In
contrast, of children who do not meet the irritability threshold, about two-thirds (63.9%)
endorse mild frequencies of “becom[ing] frustrated easily” (scored 1 or 2), but the large
majority do not “break or destroy things during a temper tantrum...” (86.6% scored 0),
which also rarely occurred in two independent MAPS community samples (<10%).4
Children above and below the cut-off were sociodemographically comparable. Elevated
irritability in children above cutoff was confirmed via higher irritability scores on
independent irritability measures (ARI? and DB-DOS/’; Table 1).

Aim 3: Test Predictive Validity of the Clinically Optimized Irritability Score Cutoff for
Growth of Impairment and Irritability and Early School-Age DSM Disorders

Impairment Growth Patterns—All fit indices (AIC, BIC, SSABIC) indicated that the
two-group (meeting vs. not meeting the irritability cutoff) known class model fit better than
single-group model for trajectories of the FLIS Child and Family Impairment subscales
(Table 2). The two-group known class models identified distinct trajectories of impairment
for high vs. low irritable children. In particular, highly irritable preschoolers had
significantly greater impairment on the FLIS Child and Family Impairment subscales at
baseline (group differences in intercepts, p<.05), which was maintained throughout the
preschool to school-age period (means at T2 and T3, both p<.05, corrected) (Figure 3). In
addition, meeting the irritability cutoff at zero, one, two, or three time points significantly
predicted impairment at early school age (FLIS Child Impairment, F3 351=19.840, p<.001; a
trend for FLIS Family Impairment, F3 351=2.564, £=.055). That is, post hoc analyses
revealed that children who scored 3 or above on the clinically optimized irritability score at
all three time points had greater FLIS Child Impairment at T3 than children who met at just
two or one time points (5<.05).

Irritability Growth Patterns—All fit indices supported a two-group known class model
over a single group model for irritability growth curves, indicating that high irritability
preschoolers maintain higher levels of irritability from preschool to school age than low
irritability children (difference in intercepts, T1: p<.05; difference in subsequent irritability
levels, T2 and T3, p<.05, corrected) (Figure 1C). Correlation analyses indicated that the
clinically optimized irritability score is moderately stable over time (rq, 12=.55, p<.001,
rt1, 73=-54, p<.001). Examining overlap in these patterns longitudinally (children meeting
cutoff at T1, T2, and T3; Table S3, available online) showed that almost half (48.82%) of
children who met cutoff at baseline continued to do so at T2, and 22.83% had persistent
irritability across all three time points. Of children who were not identified as high irritable
at T1, 88.59% remain below the threshold at T2, and 79.53% continue to stay below the
cutoff at both T2 and T3.
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Early School-Age DSM Disorders—Finally, children who met the irritability cutoff as
preschoolers (T1) continued to be more likely at early school age (T3) to meet clinical or
subclinical criteria for ODD (?=30.78, df=2, p<.001), DMDD (x2=9.66, df=2, p=.008), or
any DSM disorder (X2=33.25, df=1, p<.001). However, likelihood of being diagnosed with
other depressive disorders did not significantly differ between groups (X2:2.26, df=1, p=.
133).

DISCUSSION

The current work represents an important step toward translating basic developmental work
into clinical application. The developmental psychopathology perspective emphasizes two
principles in this translation process, i.e., dimensional assessment and developmental
specification3: 33: first, modeling behaviors dimensionally allows for identification of
clinical behaviors as they unfold from mild to severe and will enable earlier identification of
at-risk patterns, rather than relying only on extreme expressions.3* We incorporated this into
the current work by characterizing irritability dimensionally and empirically identifying the
degree to which irritability becomes “worrisome,” i.e., related to impairment, concurrent and
future diagnoses with irritability as a central component, and clinical course. Interestingly,
this is optimized when both high frequency (normative) and low frequency (atypical)
expressions of irritability are considered. Second, taking into account developmental period
can yield a classification system informed by empirical study of developmental processes
from the bottom up, rather than simply downward extension of adult/older child categories.
34 \We addressed this principle by employing a method developmentally specified for early
childhood.3 This is an example of how a developmental science base can critically inform
nosologic systems such as the DSM, which does not currently use empirically derived
parameters for identification of irritability or other behavioral patterns that vary across
development.3

Along these lines, the present findings along with our prior work* 8 do not support the
current DSM approach, i.e., exclusion of young children from DMDD diagnosis and
requiring near daily occurrence of irritable behaviors in ODD. The clinically optimized
irritability screener derived from the MAP-DB identified a subgroup of impaired young
children who were at high probabilistic risk for persistence and future ODSM disorders.
Further, the frequency point at which irritable behaviors become clinically informative
appears to vary depending on whether the expression of irritability is a commonly occurring
normative misbehavior or atypical and rarely occurring severe behavior. That is, the mild
misbehavior item, “frustrated easily,” is clinically concerning when displayed nearly every
day, but the severe behavior item, “break/destroy,” is clinically concerning at lower
frequencies. This suggests that a blanket frequency threshold as is used by the DSM s not
maximally informative, as thresholds may be too stringent for some behaviors and not
stringent enough for others.*

This two-item clinically optimized irritability score is brief, yet with good sensitivity and
specificity in relation to DSM diagnoses, and holds promise as a quick, efficient,
transdiagnostic pediatric screening method to flag preschoolers with clinically concerning
irritability. Temper tantrums are common in early childhood. Here we show that children
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who are very easily frustrated and who engage in highly dysregulated tantrums are
significantly more likely to show pervasive and sustained impairment and clinically salient
irritability as expressed in concurrent and future DSM-5 disorders. The frequency cutoff we
identified in preschoolers is notably low in comparison to the higher frequency of irritable
behaviors (irritable or angry mood most of the day, nearly every day; severe, inappropriate
temper outbursts three or more times per week) required by DMDD diagnostic criteria,
which were developed for children older than 6 years, as well as to the DSM-50DD criteria
(nearly daily).3® The low frequency threshold identified on our clinically optimized scale
may reflect the capacity of this empirical approach to separate the wheat from the chaff, i.e.,
honing in on behaviors specifically related to impairment and DSM diagnosis that might
otherwise be obscured by the noise of other early childhood behaviors. Indeed, validation of
these items and threshold shows that they identify children with a distinctive developmental
trajectory, marked by persistent irritability, impairment, and DSM disorders.

Interestingly, the clinically optimized irritability score threshold reflects one mild, normative
misbehavior item, “frustrated easily,” occurring frequently in addition to one severe,
pathognomonic, low-occurring behavior, “break/destroy.” That is, within the group of
children who meet the irritability cutoff in our sample, 96% of children are reported to
become frustrated easily (100%) 1-3 days per week, and the majority (76%) also exhibited
destructive tantrums (break/destroy) over the past month. In contrast, 22% of children below
the threshold became frustrated easily 1-3 day per week, and 13% exhibited destructive
tantrums (break/destroy) over the past month. For the former behavior, clearly it is the
frequency that differentiates clinical concern from normative misbehavior; thus, screening
without frequency thresholds would over-identify. For dysregulated tantrums, on the other
hand, low irritable children are unlikely to exhibit this atypical behavior. The normative
misbehavior item, frustrated easily, likely underlies multiple other tantrum features. For
example, a child who becomes frustrated easily across a range of contexts likely has
tantrums triggered not only in expectable situations (e.g., times of transition and demand)
but in developmentally unexpectable situations (with non-parental adults) and may also have
challenges restoring positive mood. In contrast, destructive tantrums (break/destroy) are
worrisome by definition. The combination of these items suggests that a sole focus on
extreme behaviors, e.g., for symptom counts in diagnostic criteria, will not be most
discriminating at this age. These findings also suggest that such differentiation may assist in
elucidating differential pathways from early irritability to clinical sequelae.

In terms of linkage to clinical disorders, we see similar patterns for both disruptive and
mood outcomes at this age, suggesting a transdiagnostic pattern. Of note, as has been done
previously,2L: 23: 25 e “made do” with an adapted approach to DMDD here despite the fact
that it is technically not appropriate at preschool age within the current DSM approach. Our
findings suggest that future research using an empirical approach to derive DMDD
diagnostic parameters for this age group will be fruitful and will prevent delay in
identification of the early phase of clinical irritability pathways via arbitrary age exclusions.
Along these lines, unlike the DSM-5DMDD criteria designed for children older than 6
years, which require both temper tantrum/phasic and irritable mood/tonic behaviors,3® the
optimized clinical score we identified for preschoolers selected temper tantrum (break/
destroy) and dysregulation/temper tantrum (frustrated easily) behaviors (although tantrum
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and mood items from MAP-DB were included in the model at Step 1). This suggests the
possibility that temper tantrums may be more clinically salient than irritable mood at this
age, which is consistent with prior work and also has face validity since expressions of
dysregulated behavior are likely to be prominent and disruptive across developmental
contexts.36 On the other hand, it remains possible that this is a methodologic artifact as
tantrum items are disproportionately represented on the preschool version of the MAP-DB,
and more extensive coverage of irritable mood may increase its salience for prediction. To
this end, we have increased coverage of irritable mood in newer versions of the MAP-DB for
infant/toddlers and older youths.1! This will be an important area for future research.

It is important to note limitations of our study. First, our main measures are based on
maternal report (surveys and clinician interview) with the potential for shared method
variance or biases. However, we note that patterns differentiating normal vs. abnormal
irritability on the MAP-DB have been robust to a range of individual differences (e.g. racial/
ethnic and poverty status), patterns we have confirmed via qualitative interviews.* 37
Moreover, additional analyses with Anger Modulation from the DB-DOS, a performance-
based, observational measure, corroborated our findings with the maternal report measures,
as did the ARI (Table 1). Nevertheless, expanding this approach more directly incorporating
cross-method and cross-informant approaches will be important as cross-contextual
variation such as that captured by the DB-DOS has proven clinically informative.”: 38
Second, it is necessary to replicate these findings and to validate clinically optimized
irritability score approach as a clinical screener within referred populations to further
establish its psychometric properties and clinical utility as well as within population-based
samples, as PPV and NPV are affected by prevalence of clinical phenomena. Pending
replication, we cannot definitively conclude that the two behaviors selected here are “the”
optimal early identification indicators. Moreover, it should be noted that this cutoff
specifically reflects preschool age. Because irritability levels normatively decrease from
toddlerhood through childhood (although individual trajectories vary),3° different cutoffs
will be needed for other ages. Regardless, the present findings do suggest that differentiation
of clinically salient irritability in young children can be done efficiently, sensitively, and with
good predictive validity. Last, examination of age and sex differences in these pathways will
be another important area for research.

To conclude, the present study uses an empirical approach to identify irritable behaviors that
most sensitively and specifically characterize clinically significant irritability within the
developmental context of early childhood. Notably, for this developmental period with high
levels of normative temper outbursts, we have identified a brief (2 item) clinically optimized
score that is sensitive and specific for differentiating preschoolers with irritability-related
syndromes and high risk for persistent irritability-related impairment from those without.
This is a foundational step towards screening methods that provide an empirical basis for
“when to worry” about young children with clinically impairing irritability. This provides a
critical building block for a crucial science supporting targeted early intervention in this
initial phase of the clinical sequence when experience-dependent neuroplasticity is at its
peak.3
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Distribution of scores on clinically optimized irritability score. Note: Irritability items
(summed) identified through stepwise logistic regression predicting cross-domain
impairment (Aim 1). Cutoff (score of 3) empirically derived through receiver operating
characteristic analysis with DSM-5 criteria (Aim 2).
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Receiver operating characteristic (ROC) curve for clinically optimized irritability score

(criterion variable) and DSM diagnosis (classification variable). Note: Arrow shows peak
specificity and sensitivity. Disruptive mood dysregulation disorder (DMDD) pictured for
illustration; similar results for oppositional defiant disorder and other non-DMDD
depressive disorders.
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