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ABSTRACT

Justification: Irritability is the propensity to experience anger relative to peers. It is a
common trait that affects children, adolescents and adults, presenting several adverse
outcomes through the lifespan. Disruptive Mood Dysregulation Disorder (DMDD) is a
novel diagnosis designed to classify children with severe and chronic manifestations of
irritable mood and temper outbursts in childhood. The DMDD diagnosis was constructed
from clinical descriptions, with very little empirical support for its operationalization in the
Diagnostic and Statistical Manual for Mental Disorders, 5" edition (DSM-5). Objective: In
this thesis, we explored new data-driven and clinically oriented operationalized criteria for
DMDD diagnosis in pre-adolescents/early adolescents and also in young adults. Method:
The clinical threshold was assessed in three stages: symptomatic, syndromic and clinical
operationalization. The symptomatic threshold identified the response category in each
“Development and Well-Being Behavior Assessment (DAWBA) item which separates
normative misbehavior from a clinical indicator. The syndromic threshold identified the
number of irritable mood and outbursts needed to capture pre-adolescents/early adolescents
with high symptom levels. Clinical operationalization compared the impact of AND/OR
rules for combining irritable mood and outbursts on impairment and levels of
psychopathology. Results: First, we used data from 3,562 pre-adolescents/early adolescents
from the 2004 Pelotas Birth Cohort with the DAWBA. We found out that most irritable
mood items were normative in their lowest response categories and clinically significant in
their highest response categories. For outbursts some indicated a symptom even when
present at only a mild level, while others did not indicate symptoms at any level. At the
syndromic level, a combination of 2 out of 7 irritable mood and 3 out of 8 outburst

indicators accurately captured a cluster of individuals with high level of symptoms.



Analysis combining irritable mood and outbursts delineated non-overlapping aspects of
DMDD, providing support for the OR rule in clinical operationalization. The best DMDD
criteria resulted in a prevalence of 3%. Second, we expanded the same methodology to
investigate irritability in 1705 adolescents and young adults from the 3™ wave of the
Brazilian High-Risk Cohort Study for Mental Conditions. Measurement invariance analysis
showed that thresholds for measuring irritability symptoms change between adolescence
and adulthood, therefore requiring distinct operational strategies. Symptomatic threshold
analyses showed that irritable mood items were considered problem indicators in their
highest response category for both age groups. For outbursts, some results suggested a
symptom to be significant even at mild levels, while other results found no evidence of
clinical significance at any level, with some differences between age groups. At the
syndromic level, a combination of 3 out of 8 symptoms of irritable mood and 1 out of 10
symptoms of outbursts accurately captured a cluster of individuals with high level of
symptoms in the adolescent group; in young adults 1 out of 8 symptoms of irritable mood
and 1 out of 9 symptoms of outbursts are required. Analysis combining irritable mood and
outbursts delineated non-overlapping aspects of DMDD. We also presented the prevalence
rates for the combination of distinct DMDD diagnostic rules and show a developmental
follow-back analysis and experience momentary assessment. Discussion: In summary, this
thesis advances in the construction of data-driven and clinically oriented criteria to classify
youths and young adults with impairing levels of irritability that might require specialized

clinical attention.

Keywords: Child Psychiatry; Irritability; DSM-5; Psychopathology.



RESUMO

Justificativa: A irritabilidade é definida como uma propenséo a sentir raiva em relacdo aos
pares. E um traco comum que afeta criancas, adolescentes e adultos, apresentando diversos
desfechos adversos ao longo da vida. O Transtorno Disruptivo da Desregulagdo do Humor
(TDDH) é um novo diagndstico que fora desenvolvido para classificar as criangas com
manifestagdes cronicas e graves de humor irritado e crises de raiva na infancia. Este
diagndstico fora construido a partir de descrigdes clinicas, com pouco suporte empirico
para sua operacionalizacdo no Manual Diagndstico e Estatistico para Transtornos Mentais,
5% edicdo (DSM-5). Objetivo: Nesta tese exploramos novos critérios operacionalizados
baseados em dados (coleta e analise de informacdes) e orientados clinicamente para o
diagnostico do TDDH em pre-adolescentes, adolescentes e também em adultos jovens.
Método: O limiar clinico foi avaliado em trés etapas: operacionalizacdo sintomatica,
sindrémica e clinica. A operacionalizacdo sintomatica identificou a categoria de resposta de
cada item do questionario “DAWBA” que separa um mau comportamento normativo de um
indicador clinico (ou seja, sintoma). A operacionalizacdo sindrémica identificou o nimero
de itens de humor irritado e de crises de raiva que sdo necessarios para identificar grupos de
pré-adolescentes com altos niveis de sintomas. A operacionalizacao clinica comparou o
impacto das regras E/OU para combinar humor irritado e crises de raiva nos niveis de
prejuizo clinico e de psicopatologia. Resultados: Primeiramente, utilizamos dados do
questionario “DAWBA” de 3.562 pré-adolescentes da “Coorte de Nascimentos de Pelotas”,
2004. Na operacionalizacdo sintomatica, identificamos que a maioria dos itens de humor
irritados sdo normativos em suas categorias de resposta mais baixas e clinicamente
significativos em suas categorias de resposta mais altas. Referente as crises de raiva, alguns

itens foram indicativos de sintoma mesmo quando presentes apenas em um nivel moderado,
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enquanto outros ndo indicaram sintomas em nenhum nivel. Na operacionalizacao
sindrémica, uma combinacdo de 2 de 7 indicadores de humor irritado e de 3 de 8
indicadores de crise de raiva capturaram com precisdo um grupo de individuos com alto
nivel de sintomas. A analise da combina¢do de humor irritado e crises de raiva demonstrou
aspectos nédo sobrepostos destas dimensdes do TDDH, fornecendo suporte para a regra
‘OU’ (ou humor irritado OU crises de raiva) na operacionalizacdo clinica. Nosso melhor
critério para TDDH, estatisticamente construido, resultou em uma prevaléncia de 3% para
este diagndstico. Apos, expandimos a mesma metodologia para investigar a irritabilidade
em 1.705 adolescentes e adultos jovens da 3% onda do Estudo Brasileiro chamado “Coorte
de Alto Risco para Transtornos Mentais”. A analise de invaridncia demonstrou que os
limiares para medir os sintomas de irritabilidade variam entre a adolescéncia e a idade
adulta, exigindo, portanto, estratégias operacionais distintas para estas faixas etarias. Na
operacionalizacdo sintomatica, os itens de humor irritadol foram considerados indicadores
de problemas em sua categoria de resposta mais alta para ambos os grupos de idade. Para as
crises de raiva, alguns itens foram considerados indicadores de problema mesmo nas
categorias de resposta mais leves, enquanto outros ndao foram indicadores de problema em
qualquer nivel de resposta, com algumas diferencas entre os grupos de idade. Na
operacionalizacdo sindromica, uma combinacéo de 3 de 8 sintomas de humor irritado e 1 de
10 sintomas de crises de raiva capturou com precisdo um grupo de individuos com alto
nivel de sintomas no grupo de adolescentes; em adultos jovens, foram necessarios 1 de 8
sintomas de humor irritado e 1 de 9 sintomas de crises de raiva. A analise da combinacao
de humor irritado e crises de raiva também demonstrou aspectos ndo sobrepostos destas
dimensdes do TDDH, fornecendo suporte para a regra ‘OU’ (ou humor irritado OU crises

de raiva) na operacionalizagdo clinica. Ao final, apresentamos as taxas de prevaléncia para
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as combinacdes de distintas regras diagndsticas para nossas propostas diagnosticas para
TDDH. Realizamos também uma anélise de sintomas de irritabilidade retrospectiva e uma
avaliacdo momentanea de sintomas usando os participantes da mesma coorte. Discussao:
Em resumo, esta tese avanca na construcdo de critérios baseados em evidencia e orientados
para classificar clinicamente jovens e adultos com niveis prejudiciais de irritabilidade que
possam necessitar de atencdo clinica especializada.

Palavras-chave: Psiquiatria da Infancia e da Adolescéncia; Irritabilidade; DSM-5;

Psicopatologia.
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Introduction

Systems of psychiatric classification

Psychiatric disorders are poorly defined constructs, which may change radically
when viewed from different angles. They are extremely vulnerable to the “observer bias” !
and, therefore, are likely to result in several low classification accuracies. This situation
does not make these phenomena any less real for those who live with patients with
problems related to behavior and emotions. The classification of mental disorders, also
known as psychiatric nosology or psychiatric taxonomy attempts to categorize and organize
this phenomenon. The classification of mental disorders represents a key aspect
for psychiatrists and other mental health professionals and is required for fostering a better
communication among clinicians and researchers, understanding etiology, testing treatment
efficacy, knowing the prevalence of the disorders, healthcare planning and services
organization.

The diagnostic criteria in psychiatry are classically based on descriptive-
phenomenological models as operationalized in the two widely established
systems of psychiatric classification: The Diagnostic and Statistical Manual of Mental
Disorders (DSM) 2 and the International Classification of Diseases (ICD) 2. DSM-5 is
based on diagnostic validity and ICD-11 is based on clinical utility. The latter is reliant on
the diagnostic validity. Furthermore, there is a considerable overlap between these systems.
It is quite likely that clinicians who use the DSM nonetheless employ prototypic thinking in
approaching diagnosis and evaluation in the clinic.

The DSM has provided a major foundation for nosology ever since the DSM-I11 #,

in 1980, defined categories using operationalized criteria that increased diagnostic


https://en.wikipedia.org/wiki/Mental_health_professional

reliability. DSM-1V added changes based on evidence that further increased reliability of
psychiatric diagnosis. This advance in psychiatric nosology was largely responsible for the
improvement of the diagnostic system, allowing a more adequate communication between
professionals and patients and progress in clinical research ', DSM-I1l and DSM-1V were
widely adopted by clinicians, researchers, and regulatory authorities.

DSM-5 provided an opportunity for re-thinking diagnostic classification systems.
As our classification systems are not prepared to adopt classifications based on etiological
mechanisms, abandoning the phenomenological orientations, DSM-5 (now described with
an Arabic numeral instead of the Romans, to allow more frequent updates, such as 5.1),
adopted the “epistemic iteration”. Epistemic iteration is defined as a process by which
scientific knowledge claims are progressively altered and refined via self-correction or
enrichment. As a consequence, DSM has become a model that, despite its failures, after
every update it becomes closer to a true natural presentation of mental disorders. The
constant evaluation and empirical testing of the DSM criteria is essential, given its eventual
arbitrariness, and important for the progress of the diagnostic classification. The hope that
neuroscience would develop to the point that categories were defined by biomarkers has not
been realized and the process of revising the DSM-5 has had to proceed with other kinds of
validation evidence. DMS-5 made incremental changes in the overall structure, and in the
diagnostic criteria for some categories. Psychiatric diagnosis continues to suffer from
relatively low reliability in clinical settings ®°, and diagnoses continue to rely on clinical

phenomenology rather than on biomarkers.

It seems increasingly likely that many psychiatric disorders are conditions with

overlapping fuzzy boundaries with multiple interacting causes acting on multiple brain
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mechanisms. Instead of essentialized diseases, they are best understood in terms of more
central paradigms °. If this is the reality, then the DSM system may describe it fairly well.
The problem is not our diagnostic criteria, the problem is that our expectations are based on
an oversimplified medical model in which disorders are each imagined to be discrete with

specific causes and biomarkers.

A classification based on more objective criteria may become an important tool for
identifying individuals who are not being fully evaluated by current criteria. This
classification would gain strength if it could be operationalized in such a way to be tested
and replicated, if it had a predictive capacity for important deficits in functioning and if it
were associated with biological correlates. The formulation of objective phenotypic
classification seems to be a relevant strategy for testing whether this operationalization may

influence clinical practice in the future.

Definition

Anger is a normal emotion. Like other emotions, it presents elements of
subjective feelings, overt behavior of various kinds, and bodily changes. There are several
lines for the development of anger during childhood and adolescence, such as the intensity
and frequency of occurrence of the mood, the environmental features that evoke it, its
expression in behavior, its effect on and modification by other people, and the extent to
which the person controls it. Anger can be either functional or dysfunctional, according to

context 2,
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Irritability is defined by proneness to anger relative to peers 2. It is a trait
characterized by a proneness to feel anger, think and react aggressively towards peers.
Irritability has at least three components. The first one is the affective component which
encompasses irritable mood. The second is the behavioral component characterized by
reactive aggression (anger-related behaviors towards others) and temper outbursts (anger-
related behaviors directed towards objects or self). The third is the cognitive component,
identified as irritable rumination. It is also seen as a tendency to experience anger and
frustration >* and as an increased sensitivity to environmental and internal stimuli °.
Stringaris and Taylor ! have noted that irritability is a unique trait. On one hand it shares a
negative valence aspect with anxiety and depression; but on the other, contrary to anxiety
and depression that typically lead to avoidance, anger frequently leads to approach-
motivations. Irritability also crosses the boundaries of internalizing and

externalizing symptoms 2.

Irritability in the clinic

Irritability is one of the most common reasons for referring children and
adolescents to psychiatric care. Around 3% to 20% of youths are taken to services to assess
irritability symptoms 618, Also, it is particularly associated with adjustment problems,
such as social difficulties 2! and it is present in the context of anxiety, depression and
disruptive behaviors 22, The symptoms of irritability are not only debilitating in childhood,
but also have longitudinal associations with psychopathology and poor adjustment in
several domains (such as education and peer relationships %) during adolescence and in

adulthood 1°24,
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Irritability is the core symptom of three diagnoses in DSM-5 2 Intermittent
Explosive Disorder (IED), Oppositional Defiant Disorder (ODD) and Disruptive Mood
Dysregulation Disorder (DMDD). Furthermore, irritability represents one of the most
common symptoms reported in children with a range of psychiatric conditions, including
major depressive disorder (MDD), attention-deficit/hyperactivity disorder (ADHD),
conduct disorder, interpersonal trauma and exposure to traumatic events and bipolar

disorder (BD) 13252 |

A historical perspective on the developmental course of irritability and the
operationalization of DMDD

In the mid two thousand, there was an important increase in the diagnosis of BD in
children and adolescents. The number of pre-pubertal children diagnosed with BD in the
USA had increased at rates close to 500% in that time 2”. This increase was thought to have
resulted partially from counting severe and chronic irritability of early onset as a cardinal
manic symptom of pediatric BD, analogous to the classical cardinal manic symptoms of
elated mood or episodic irritability. Following that, an increase in the use of antipsychotics
drugs was observed 2. Within this framework, the “pediatric bipolar debate” arose.
Irritability was considered by some researchers to be the most common early manifestation
of BD. This line of research considered chronic irritability, in association with attention-
deficit-hyperactivity disorder symptoms, as the prodrome of BD. This type of irritability
would be a phenomenon that appeared before the hypomanic or manic episodes that
defined BD. In opposition, another line of research understood BD in childhood as a rare
condition, and chronic irritability needed further investigation. The work of Leibenluft et al.

defining the precursor to DMDD 272, the syndrome of severe mood dysregulation (SMD),
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was imperative in this context. SMD was developed to test the hypothesis whether chronic
and severe irritability could be a phenotype of the development of pediatric BD *°.
SMD allowed the differentiation of youth with SMD (chronic, persistent, severe irritability)
from youth with classic BD (distinct manic episodes characterized by elated mood). This
line of research did not establish a deterministic association between SMD and BD in the
future 3!. One of the main outcomes of this work was the introduction of DMDD as a new
diagnosis in DSM-5 2732,

DMDD is defined by two cardinal symptoms — irritable mood and temper
outbursts. Outbursts occur on average three or more times per week and are inconsistent
with developmental level. Between outbursts, mood is persistently irritable, most of the day
and nearly every day. The onset of symptoms must be before the age of 10, and children
must be between 6 and 18 years of age to be diagnosed. Symptoms must have been present
for 12 or more months and should not be absent for three or more consecutive months; they
should be present in at least two of three settings and be severe in at least one setting.
Symptoms are not better explained by another medical disorder, are not the manifestation
of substance abuse or medical condition, criteria for manic/hypomanic episode have not
been met for more than one day and behaviors do not occur solely during an episode of
major depressive disorder. Prior to the age of 6 temper outbursts are considered normal and
the boundaries of clinically concerning temper outbursts are being studied 3. The complete
lack of evidence in the adult population prevents researchers to investigate the homotypic
continuity of irritability symptoms over development, given DMDD is typically not
assessed in adults .

The introduction of DMDD as a nosologically category into DSM created a

diagnostic home for children with chronic and severe irritability, who are currently not
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misdiagnosed with BD. The main issues that still need further investigation are the
following; 1- the conceptual foundations of DMMD diagnosis, as well as its reliability and
validity; 2- the boundaries that separate irritable mood and temper outbursts normative
misbehaviors from irritable mood and temper outbursts clinical indicators; 3 — the absence

of a diagnostic classification of severe and chronic irritability in adults.

DSM-5 X ICD-11

DMDD was not included in the ICD-11 by the World Health Organization, leading
to a remarkable schism between the 2 major diagnostic manuals. Lochman et al argued that
ICD-11 should not incorporate the DMDD category and proposed to make a diagnosis of
ODD adding a specifier indicating chronic irritability or anger instead *°. This argument
was bolstered by findings that 92% of children aged 6-12 years in a general population
sample who met DMDD criteria also met criteria for ODD, and 66% of those with ODD
also had DMDD symptoms 6. Deveney et al reported that over 80% of their sample of
adolescents meeting criteria for severe mood dysregulation also met criteria for ODD or
ADHD 2. However, other data indicate that DMDD and ODD show a more modest overlap

(55%) and that DMDD predicts impairment over and above that due to ODD ¥'.

When considering chronic irritability, the DSM-5 represents irritability in DMDD or
ODD, depending on its severity, time course, and number. Unlike DMDD, ODD emerged
from a different theoretical foundation- focused on conduct issues. With regard to the ICD-
11 stance, the separation and distinctive trajectory of irritability within ODD is a known
issue for its construct homogeneity. In the DSM-5, meeting criteria for DMDD is

exclusionary for ODD, establishing a formal link between the 2 diagnoses across a line of

15



severity. We understand the weakness of this thin boundary being a consequence of
irritability symptoms overlapping. An important distinction between the 2 diagnoses is that
ODD requires at least 1 defiance symptom. We believe that the DMDD diagnosis brings a
home to irritability in our manuals, and that specifiers of the same would disentangle

overlaps with other and more specific domains of ODD.

Epidemiology

Most of what we know about DMDD has been inferred from research on SMD. The
upper age limit placed on its onset in DMDD (10 years) differs from SMD (12 years). A
longitudinal study on SMD showed that 97% of youths who met diagnostic criteria for
SMD also met criteria for DMDD; the age of onset of 10 or 11 years was the cause of those
who did not meet criteria 2°. Besides, a diagnosis of SMD requires symptoms of
hyperarousal, whereas DMDD does not. However, clinicians can provide a concomitant

diagnosis of ADHD if justified.

A 3-month DMDD prevalence of 8.2% was observed in 6-year-old American
children with no sex or ethnicity differences 3. Copeland et al showed the prevalence of
DMDD symptomology in a large epidemiological sample including preschoolers and
scholars. Three-month prevalence rates for meeting criteria for DMDD ranged from 0.8%

to 3.3%, with the highest rate in preschoolers 3.
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Research using the CBCL “dysregulation profile” results in comparable estimates of
prevalence: 1-2% in epidemiological samples 34!, 6-7% in child psychiatric clinical

samples, and 13-20% in children with ADHD “2.

The importance of defining a clinical threshold for people with severe irritability

Anger is seen as a normal, natural, and mature emotion experienced by all humans
at times that has functional value for survival. On the other hand, when uncontrolled,
intense or frequent, or depending on the developmental stage or context it may negatively
impair personal and social well-being. As previously mentioned, the co-occurring
irritability with several different disorders and the overlapping of diagnostic definitions
may lead to confusion amongst clinicians. Furthermore, the thresholds concerning
irritability per se are not clearly defined.

Defining a clinical threshold for youth with severe irritability will guide the
clinician to better judge whether irritability is developmentally inappropriate or grossly
disproportional to the provoking stimulus, recognizing the need for treatments. Very little
specific guidance is available to clinicians to evaluate this threshold at any age. Our work
provides a clear clinical guidance on how to identify preadolescents, adolescents and adults
on the irritability continuum.

Precise, evidence-based knowledge on the course of irritability has several
implications for research and clinical practice. These implications affect every other field
related to irritability, from diagnosis and classification to neurobiology and clinical

management.
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Expanding contributions from developmental psychopathology to young adults

Irritability is a trait that has been explored in youth. However, few researches have
explored irritable mood and outbursts in adults. Irritability as a core symptom in adults is
categorized in the IED and ODD diagnosis in DSM-5The IED category involves extreme
temper outbursts, whereas ODD and DMDD involve both disruptive behaviors and irritable
mood “. IED typically assesses the adults who present outbursts, but not irritable
mood. The ODD category has a minor mood component among several other dimensions.
The inclusion of DMDD in DSM-5 provided a diagnostic home for youths with irritability,
encompassing mood and behavior; however, adulthood was left aside. This has risen a
potential bias in the adult literature, which categorized irritability only as a behavior. The
diagnosis of major depression is another example in which irritable mood is seen as a core
feature in children, but not in adults. Currently, the longitudinal evidence shows that
irritability in children predicts generalized anxiety disorder, depression and dysthymia in
adult life, but irritability in children predicting irritability in adult life has not been studied
yet.

One possibility to solve this lack of integrative perspective in the development is to
study the DMDD diagnosis in adults, which may provide an interesting alternative for
capturing the mood component in this population and allow the literature to explore a
pattern of homotypic continuity (i.e., irritability in children predicting irritability in adults);
a pattern which is also common for other emotional disorders such as anxiety and
depression.

Expanding the DMDD diagnostic category for adults with chronic and severe
irritability will capture the mood component and will enable the derive of empirically

clinical threshold for irritability symptoms in this population. Being this a different stage of
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development, it is expected that the manifestations of irritability, as well as the thresholds,
might differ from youths. Assuming that irritability in adults manifest in different manners,
temper outbursts in childhood might manifest as self-harm behaviors in adolescence and as

irritable mood in adulthood, for example.
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Objectives

General objective

To contribute with the operationalization of DMDD diagnosis in youth

Specific objectives

a. To identify the most appropriate data-driven threshold for DMDD diagnosis in pre-
adolescents aged 10-12 from Pelotas Birth Cohort and the impact of potential
changes in diagnostic rules on prevalence levels in the community.

b. Expand this data-driven approach for the DMDD diagnosis in adolescents aged 14-
17 and young adults aged 18-21 from Brazilian High-Risk Cohort Study for Mental
Conditions and the impact of changes in diagnostic rules on prevalence levels in the

community.
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Hypotheses

Regarding each of the above-mentioned specific objectives, we had the following a priori

hypotheses:

a. A psychometric data-driven approach may be used to refine the DMDD diagnostic
criteria in preadolescents aged 10-12. Yet, external validation might be a
challenging process.

b. The thresholds at which irritability becomes pathological may differ between
adolescents and young adults; A psychometric data-driven approach might be used
to refine the DMDD diagnostic criteria in adolescents aged 14-17 and start the

discussion about a diagnostic home for adulthood irritability.
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Ethical Considerations

The studies included in this thesis have been approved by their respective Institutional
Review Boards before data collection and analysis. Original studies included samples of
two cohorts: the 2004 Pelotas Birth Cohorts and the National Institute of Developmental
Psychiatry High-Risk Cohort. All participants across all these samples provided written
informed consent before inclusion in the study. Data were de-identified, and only raw data
essential for analyses were shared with co-authors — therefore, attempts of identification of

participants was not possible.
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Disruptive Mood Dysrequlation Disorder: Symptomatic and Syndromic Thresholds and

Diagnostic Operationalization.

Laporte PP, Matijasevich A, Munhoz TN, Santos IS, Barros AJD, Pine DS, Rohde LA,
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Abstract

Objective: The aim of this study is to identify the most appropriate threshold for
Disruptive Mood Dysregulation Disorder (DMDD) diagnosis and the impact of potential
changes in diagnostic rules on prevalence levels in the community.

Method: Trained psychologists evaluated 3,562 pre-adolescents/early adolescents from the
2004 Pelotas Birth Cohort with the Development and Well-Being Behavior Assessment
(DAWBA). The clinical threshold was assessed in three stages: symptomatic, syndromic
and clinical operationalization. The symptomatic threshold identified the response category
in each DAWBA item which separates normative misbehavior from a clinical indicator.
The syndromic threshold identified the number of irritable mood and outbursts needed to
capture pre-adolescents/early adolescents with high symptom levels. Clinical
operationalization compared the impact of AND/OR rules for combining irritable mood and
outbursts on impairment and levels of psychopathology.

Results: At the symptomatic threshold, most irritable mood items were normative in their
lowest response categories and clinically significant in their highest response categories.
For outbursts some indicated a symptom even when present at only a mild level, while
others did not indicate symptoms at any level. At the syndromic level, a combination of 2
out of 7 irritable mood and 3 out of 8 outburst indicators accurately captured a cluster of
individuals with high level of symptoms. Analysis combining irritable mood and outbursts
delineated non-overlapping aspects of DMDD, providing support for the OR rule in clinical
operationalization. The best DMDD criteria resulted in a prevalence of 3%.

Conclusion: Results provide information for initiatives aiming to provide data-driven and

clinically oriented operationalized criteria for DMDD.
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irritability, temper outbursts, child/adolescent
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Introduction

Temper outbursts and irritable mood are common manifestations of typical
development. When outbursts and irritable mood are intense, frequent, last for significant
periods, occur in several contexts, and are associated with behaviors not seen in typically
developing children, they often require clinical attention 3, Disruptive Mood Dysregulation
Disorder (DMDD) is a new diagnosis designed to capture pathological manifestations of
irritable mood and temper outbursts *. Given the newness of DMDD, data-driven approaches
based on epidemiological evidence are needed to evaluate appropriate thresholds for DMDD
and consider the need to refine criteria. The current report provides such data.

DMDD has its origins in the mid-2000s when Leibenluft and colleagues *° defined a
syndrome called severe mood dysregulation (SMD). SMD involved severe, chronic grouchy
mood and heightened reactivity, along with symptoms of hyperarousal . The syndrome was
defined to distinguish children with severe irritability from those with classic bipolar disorder
(BD), in light of increasing numbers of children diagnosed with BD 72, The results of those
studies converged to differentiate SMD from classic bipolar disorder based on course and
familial aggregation °*. For DSM-5, SMD was modified to create DMDD.

Alternative thresholds for defining DMDD have been only partially considered in the
current literature. Some previous studies have focused on irritability as a dimensional trait,
which is broader than DMDD as a diagnostic entity. These studies provide an important
framework for investigating clinically-relevant thresholds for specific behaviors. Wakschlag
and collaborators 12 used item response theory analysis to disentangle normative misbehavior
from clinically significant problems by studying the 'symptomatic threshold’, i.e.,
investigating which response category in each item from a questionnaire separates normative

misbehavior from a clinical indicator. They found that some behaviors are normative and
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only represent problems when their frequency is high or very high, whereas others always
indicate a significant problem that requires clinical attention. This and similar research efforts
in preschoolers ** inform attempts to evaluate varying boundaries for the definition of
DMDD. Other studies focused more specifically on varying DSM-5 criteria for DMDD in
pre-adolescents 141 and adolescents 1416, They found the prevalence of temper outbursts and
negative mood are much lower than what is found in preschoolers and that applying exclusion
criteria such as frequency and hierarchical diagnostic rules affects DMDD prevalence rates
considerably 4716, There was no evidence that clinical markers changed between pre-
adolescents/early adolescents (9-12) to middle adolescents (13-16) . Nonetheless, it is
important to continue to identify appropriate diagnostic thresholds for distinct developmental
periods, given that normative levels of irritability clearly vary across the lifespan 46,
Another important step towards evaluating such varying boundaries involves
quantifying the number of abnormal behaviors required to characterize a valid diagnosis i.e.,
identifying the 'syndromic threshold' for a given diagnosis. Data-driven clustering
approaches such as latent class analysis derive groups that differ in the number of clinical
indicators endorsed 7 and thus inform attempts to set syndromic thresholds. Such efforts
need to be balanced with clinical applicability in real world settings, which require practical
decisions such as how to combine clinical indicators from distinct domains (i.e., irritable
mood and outbursts). The latter can be achieved by investigating whether domains explain
overlapping or distinct aspects of DMDD latent structure and related impairment, thus
determining whether “and” or “or” rules should be used to provide a ‘clinical
operationalization’ of the diagnosis. Previous research in pre-adolescents and adolescents

suggests irritable mood and temper outbursts predict each other over time. However, while
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each of them are associated with increased risk for disrupted functioning in adolescents *°,
current criteria require both to be present for a diagnosis to be assigned.

The aim of this study is to evaluate alternative clinical thresholds for the DMDD
diagnosis (see Figure 1 for an overview of the analytic strategy and Methods for details). We
investigate 3,562 pre-adolescents/early adolescents aged 10-12. First, we used Confirmatory
Factor Analysis (CFA) to identify item-level thresholds differentiating normative from
clinical problems (the symptomatic threshold). This was used to dichotomize response levels
as clinically significant or not. We next used these binary clinical indicators as input to a
latent class analysis (LCA) that assigned individuals into clusters with high and low levels
of clinical indicators for each domain. This was followed by receiver operating curves (ROC)
to detect the number of clinical indicators needed to predict class membership from the LCA
and to translate the data-driven results to DSM-5 symptom counts (the syndromic threshold).
We then compare the impact of AND/OR rules on impairment and dimensional levels of
psychopathology (clinical operationalization). Finally, we investigate the impact of varying

definitions on DMDD prevalence and comorbidity profiles in a population-based sample.

Figure 1 around here

Method
Participants

Participants of this study were pre-adolescents/early adolescents aged 10-12 from the
2004 Pelotas Birth Cohort Study. All births occurring in the city of Pelotas, from January 1st
to December 31st, 2004 were enrolled and followed over time. Pelotas is in southern Brazil

and has a population of 328,000. For a full description of the methods, see 8. Briefly, all
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4231 live births in the city in 2004 whose mothers lived in the urban area and agreed to
participate in the longitudinal study were considered eligible. Follow-up home visits were
performed when the subjects had reached the ages of 3.0 months (SD=0.1), 11.9 months
(SD=0.2), 23.9 months (SD=0.4), and 49.5 months (SD=1.7). When the subjects were, on
average, 6.8 years old (SD=0.3) and 11.0 years old (SD=0.4), additional follow-up visits were
conducted at a research clinic run by the Postgraduate Program of Epidemiology (Faculty of
Medicine, Federal University of Pelotas, Brazil). Of the 4,231 subjects in the original birth
cohort, 3,562 (84.1%) were included in our analysis, which used all available data from the
10-12 years of age assessment. The sample comprises 2,353 participants aged 10, 1,206 aged
11 and 4 aged 12. The prevalence of DMDD in this sample using current criteria associated
with clinical ratings was 2.5% (95% CI1=2.0-3.0) *°. The study was approved by the Research
Ethics Committee of the Federal University of Pelotas and by the Research Committee of the
University of S&o Paulo School of Medicine. Written informed consent was obtained from

all subjects.

Instruments and Diagnostic Assessment

The parent-version of the DMDD section from the Development and Well-Being
Assessment (DAWBA) questionnaire 2° was administered by certified psychologists. This
questionnaire uses open and closed ended questions to identify the occurrence of clinical
indicators in children and adolescents aged 5-17, based on the DSM criteria. The closed
ended questions start with two skip questions about the frequency of temper outbursts and
irritable mood. Parents who answered that temper outbursts and/or irritable mood occurred
at least once a week were probed to answer specific questions that characterize all DSM-5

criteria for DMDD.
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A total of 593 parents of participants answered the DMDD section on irritable mood,
representing the top 17% of irritable mood frequency. This section includes 9 items
characterizing the threshold for experiencing anger, intensity of anger if compared to peers
of the same age, duration of anger during the day, whether irritable mood is perceived by
others, setting in which anger occurs (at home, at school, with peers) and number of anger
weeks throughout the year. A total of 425 parents answered the DMDD section on outbursts,
representing the top 12% of frequency of outbursts. This section includes 15 items describing
behavior during outbursts (slamming doors, shouting, swearing, saying mean things to
others, saying negative things about self, physical aggression to others, deliberate self-harm,
breaking things), setting in which outbursts occurred (at home, at school, with peers) and
triggers (recognizable and easily triggered). We do not use the item "outbursts free-gap in
the last year” in our analysis (DSM requires that there is not a period higher than 3 or more
consecutive months without irritable mood and temper outbursts). The rationale for
excluding this itemis that it is unclear whether we would expect this item to be monotonically
related to the overall latent construct given short periods of irritability with large gaps could
also inform episodes of irritability (a marker of severity and bipolar disorder).

Lastly, 686 mothers or caregivers that completed either the outburst or irritable mood
sections were asked to also complete 4 items about impairment (impact on family life,
friendship, learning, and leisure activities). After the impairment questions, mothers or
caregivers answered the open-ended questions that allow qualitative description of the
symptoms, frequency, and other characteristics of the disorder. All questions and response
categories from the DMDD section are depicted in Table S1, available online.

The DAWBA was administered to mothers or caregivers by trained psychologists.

The forty-hour training included lectures, role playing, and supervised clinical interviews
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with pediatric and mental health outpatients at the Federal University of Pelotas. The clinical
evaluation of the total sample was performed by a psychologist, and a second independent
psychologist evaluated 10% of the study sample. Both were trained in how to apply the
DAWBA, in a standardized manner, by the child psychiatrist who had translated and
validated the questionnaire for use in Brazil 2. Rating procedures were used for assigning
comorbidities given DMDD diagnosis was performed a posteriori. The inter-rater agreement
was 91.2% for the presence of any psychiatric disorder, 75.9% for any anxiety disorder,
73.5% for any depressive disorder, 72.7% for ADHD, 72.9% for conduct disorder, 85.6% for
any autism spectrum disorder, 59.5% for any eating disorder, and 52.4% for any tic disorder.
Details of the questionnaire can be found online and in other studies 2.

The Strengths and Difficulties Questionnaire (SDQ) was used to measure dimensional
psychopathology. The SDQ is a 25-item behavioral screening questionnaire with five
domains, each of which contain five items (emotional, conduct, hyperkinetic, peer
relationships, prosocial behaviors and impact scores). The overall SDQ total scores had a
Cronbach's alpha of 0.82, which is considered high. Internal consistency for the SDQ
subscales were low to moderate ranging from 0.48 (peer relationships) to 0.78 (hyperkinetic).
Despite low reliability, we maintained results from subscales for their descriptive nature in

Supplement 1, available online.

Statistical Analysis
Symptomatic threshold

The fourteen items on outbursts, eight items on irritable mood and four items on
impairment were included in three CFAs testing unidimensional models for each construct

(n= 593, 425 and 685 respectively). Details about the estimators and the model fit used in
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this study can be found in Table S2, available online, which provides the fit indexes of the
unidimensional models for irritability, outbursts and impairment items. CFA models estimate
item level factor loadings (1) and response category thresholds. Factor loadings represent the
strength of the relationship between the latent trait and the item, i.e., they indicate how well
each item discriminates different severity levels of a given construct. Category thresholds
indicate the expected value of the latent factor at which there is a 50% probability of
endorsing a given category or higher i.e., the category threshold indicates the severity level
at which the transition from one response category to the next is likely to happen (e.g., from
‘No’ to ‘A little’ or higher, or from ‘A little’ to ‘A lot’).

To distinguish normative misbehavior from behavior that would meet a diagnostic
criterion, we used category thresholds from the CFA. CFAs were performed only in subjects
with a frequency of irritable mood and outbursts greater than once a week. In this sample, a
value of 0.5 represents a half standard deviation above the mean of the distribution of subjects
with a frequency of irritable mood and outbursts greater than once a week. Therefore, we
interpreted values below 0.5 as typical development (normative) and values at or above 0.5
as ‘clinical indicators’ (a proxy for symptoms or problem indicators). The latter represents
an approximation to the top 5% most symptomatic pre-adolescents/early adolescents in the
population, which is a threshold used in other diagnostic investigations 2. For details about

the CFA, see Supplement 1, available online.

Syndromic threshold
Before data analysis, each questionnaire item was dichotomized at the value of the
category threshold defined in the symptomatic threshold analysis described above in subjects

with at least one clinical indicator. Dichotomized items were chosen to enter the LCA
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analysis because our intention was not to characterize varying levels of irritability in the
community, but to identify groups that differ in their number of clinical indicators. Three
Latent Class Analyses (LCA) were used to create empirically derived groups with different
levels of clinical indicators for irritable mood, outbursts and impairment. Next, we used three
Receiving Operating Curves to predict the most accurate number of clinical indicators for
detecting participants with high levels of symptoms (as defined by latent class analysis) with
regard to irritable mood, outburst and impairment. ROC analysis was used as a way to
translate results from the syndromic thresholds of the LCA to the reality of clinical practice,
which uses symptom counts. Thus, the ROC identifies a simple rule to allow the
identification of patients that are likely to be members of the cluster that exhibit a high level
of clinical indicators. The optimal cut-off was estimated using the Younden’s J Statistic,

which maximizes both sensitivity and specificity 3.

Clinical operationalization

Four analytical strategies were used to determine the most appropriate rule for clinical
operationalization: the ‘OR’ rule vs. the ‘AND’ rule. First, we compared the fit of CFA
models (n=398), putting the selected dichotomized clinical indicators into a unidimensional
model of irritability and a correlated model of irritability with two domains (irritable mood
and outbursts). Second, we tested whether meeting criteria for the irritable mood group and/or
for the outbursts group have distinct or overlapping associations with the impaired
functioning group using a multiple logistic regression. Third, we used left censored
regressions to compare skewed SDQ dimensional scores between subjects meeting criteria
only for irritable mood, only outbursts, either, or both and compared with a group of

participants with other DSM disorders except for DMDD and typically developing
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comparisons. Fourth, for both OR and AND groups, we used a matching procedure to
compare levels of SDQ scores between a group that differed in DMDD status (yes vs. no

DMDD) but were otherwise fully matched for comorbidities.

Epidemiological impact
Finally, using the relative frequency, we investigated the impact of these AND/OR
rules and combinations for impairment requirements on the prevalence rates of DMDD in

the community and on the comorbidity profile.

All analysis were performed in R version 3.6.1 2%, including applications
implemented in the packages lavaan 0.6-5 2°, poLCA 1.4.1 2%, pROC 1.15.3 %7, CensReg
0.5-26 28 and Matchlt 3.0.2 2. The R markdown codes for the symptomatic, syndromic and
clinical operationalization thresholds of current analysis can be found in Supplement 1,

available online.

Results
Symptomatic threshold

All eight items of irritable mood were found to be normative in their lowest thresholds
and clinical indicators (proxy for symptoms) in the highest thresholds, except “irritable mood
that happens at home”, which was found to be normative in all response categories. For the
six items that describe intensity, the response option “A little” indicated normative behavior,
while the response option “A lot” or “A great deal” indicated a symptom. For the duration
item, irritable mood lasting less than an hour indicated normative behavior, whereas

irritability lasting a few hours or most of the day indicated a symptom. For the frequency
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item, irritable mood occurring less than 3 times a week indicated normative behavior,
whereas irritable mood occurring every day indicated a symptom (Table S3, available
online).

For outbursts, threshold varied substantially across items. For some items, their
occurrence even at mild levels indicated a symptom, while other items did not indicate a
symptom at any level. Outbursts that include self-harm, breaking things or saying negative
things about self, or those that occurred in the classroom are indicative of a symptom if they
occur at any level (ie., “A little” or “A lot”). Outbursts that occurred with peers, include
physical aggression, or are easily triggered indicate a symptom when they occurred “A lot”,
but were normative when they occurred “A little”. Outbursts that occurred at home and
included the pre-adolescents/early adolescents saying mean things, slamming doors,
shouting, or swearing did not indicate a symptom irrespective of the level endorsed. Also,
whether the triggers were recognizable or not was not relevant to symptom designation.
Regarding frequency, only outbursts that occurred daily indicated a symptom (Table S4,
available online).

For impairment, “impact on family life” is normative when “A little” and indicate a
symptom when “A medium amount” or “A lot”. Impairment that occurs in the other settings
(friendship, learning or leisure) indicate a symptom at any level (Table S5, available online).

See Figure 2.

Figure 2 around here

Syndromic threshold
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The prevalence of each clinical indicator is presented in Table 1. The three LCA
analyses (irritable mood, outbursts and impairment) indicated that the two-class solution was
the best for each of the three domains (Table S6, available online). This indicates that, in
each of the three domains, the population is divided into two groups characterized by high
vs. low symptoms (Figure S1, available online). We next performed three Receiver Operating
Curve analyses (irritable mood, outburst, impairment) to determine the best number of
clinical indicators (i.e., those items identified by the CFA) to use to predict membership in
the high vs. low symptom classes identified by the LCA. Younden’s J demonstrates that
subjects in the high symptom irritable mood and outburst classes are most accurately
characterized by 2 out of 7 irritable mood symptoms and 3 out of 8 outburst symptoms. As
for impairment, the subjects with high level of symptoms in LCA are most accurately
characterized by significant impairment in at least two settings (Table 2 and Figure S2,
available online).

Table 1 around here

Table 2 around here

Clinical operationalization

First, a model with two correlated domains (irritable mood and outbursts) provided a
better fit than a unidimensional model encompassing both domains (yZ%ir=7.3, df=1,
p=0.007; Table S7, available online). Second, both irritable mood and outbursts were
associated with clinical impairment in univariate models (irritable mood OR=41.71, p<0.001;
outbursts OR=76.1, p<0.001) and in multiple models adjusted for the effects of including

both predictors in the same model (irritable mood adjusted OR=18.2, p<0.001; outbursts
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adjusted OR=23.63, p<0.001). Third, comparisons between irritable only, outbursts only and
combined groups with typically developing comparisons and with a group of patients with
other DSM disorders (except for DMDD) showed all three DMDD groups had higher scores
on all SDQ scales than typically developing comparisons and higher total SDQ total scores
than subjects with other DSM diagnosis (Figure S3 and Table S8, both available online).
Fourth, left-censored regressions comparing groups matched for comorbidity (any anxiety,
any mood, any hyperkinetic and any disruptive behavior disorder) showed that, using either
the OR or the AND rule, the DMDD group showed higher total, emotional, conduct,
hyperactivity, peer relationship and impact scores than did the non-DMDD group with

matched comorbidities (Figure S4 and Figure S5, available online).

Epidemiological impact

When using an “OR” rule, the optimal criteria from the ROC analysis (2 of 7 irritable
mood symptoms, 3 of 8 outburst symptoms, impairment in at least two settings) resulted in
a prevalence of 3.0%: 1.12% have only irritable mood, 0.64% only outbursts and 1.23% have
both irritable mood and outbursts (Table 3). Both the "OR rule” and the "AND rule” resulted
in higher levels of psychiatric comorbidities compared to the current DMDD clinical criteria
(Table S9, available online).

Table 3 around here

Discussion
This study provides important information to guide a revision of the diagnostic
criteria for DMDD. Using CFA, we found that seven of the eight irritable mood items were

normative when endorsed in the low response categories and clinical indicators in the high
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response categories. The one exception was “irritable mood that happens at home”, which
was always normative. For outbursts, the threshold for a clinical indicator varied substantially
across items. For some items, such as outbursts with self-harm, their presence indicated a
problem even at only mild levels. Others, such as shouting, were not clinical indicators even
when present at the highest threshold. ROC analyses indicated that a combination of 2 of 7
irritable mood symptoms, 3 of 8 outburst symptoms and significant impairment in at least
two settings would best predict membership in the “high” vs. “low” LCA-based symptom
classes. The four clinical operationalization analysis converge to demonstrate that the two
domains differ from a latent perspective; they are independently associated with impairment;
and OR-rule groups show comparable or even higher levels of impairment then other DSM
disorders. Matched analysis showed that results cannot be attributed to comorbidity. The
most accurate solution resulted in a prevalence of 3% in the fully automated operationalized
criteria (1.12% only irritable mood, 0.64% only outbursts and 1.23% combined).

Our findings are consistent with the limited literature examining irritability
dimensionally in the population. Each set of findings suggest that normative outbursts differ
from clinical indicators in frequency, duration, quality, context, and triggering events 3033,
Wakschlag et al. 12 found that outbursts characterized by high frequency, “long duration”, or
“aggressive components”, or those that occurred “with nonparental adults” or “out of the
blue” were clinical indicators. Wiggins and collaborators * also used an empirical approach
to identify irritable behaviors indicative of problems in preschoolers. They examined 22
temper loss behaviors from the criteria for oppositional defiant disorder, DMDD and other
depressive disorders in the DSM-5 and found two informative items. Similar to our work, the
item “easily frustrated” indicated a symptom only when present nearly every day, but the

item “break/destroy” indicated a symptom even when at lower frequencies. Nevertheless,
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those thresholds might vary substantially in distinct age ranges and cultures, which highlights
the need for developmentally sensitive studies.

Clinical operationalization analysis suggests that an OR rule is most appropriate to
capture cases in need of treatment. This algorithm identified pre-adolescents/early
adolescents with either irritable mood or outbursts who manifested associated impairment,
elevated symptoms, and functional impairment. This resulted in a prevalence rate of 3%,
which is higher than the prevalence rate of 2.5% by the current diagnostic criteria. Of course,
it is not possible to identify the “true” prevalence of DMDD in the population with one study;
rather the current analyses inform nosologists’ attempts to weigh the strengths and
weaknesses of various diagnostic thresholds.

Advancing understanding about DMDD diagnostic criteria is a major concern in
children and adolescent psychiatric practice. Our findings are a first step towards defining
parameters to alert the clinician when to be (and when not to be) concerned with irritable
mood and outbursts. Our approach suggests several refinements to the DSM-5 criteria. First,
the new criteria provide a list of behaviors and a threshold for each that specifies when to
consider that behavior to be a clinical indicator. This is more descriptive, precise, and data-
based than the current criteria and provide a way ‘calibrate’ the severity of each clinical
indicator composing the syndrome. Second, we suggest a syndromic threshold for the
combination of such behaviors. This is a more practical way to separate normal from
abnormal behaviors and considers that DMDD might present itself with distinct clinical
indicators. Third, our data support an OR rule when combining irritable mood and outbursts,
rather than the AND rule currently in the manual. Finally, our results support the importance
of requiring two settings for the diagnosis, as in DSM-5. Specifically, our data indicate that,

while the impact of symptoms on function needs to be at medium levels on family life to be
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considered a clinical indicator, mild levels of impairment in friendship, learning or during
leisure activities should suffice as a clinical indicator for the DMDD impairment criteria.
Our study has important strengths. First, we relied on a large representative
population sample and implemented assessment methods that could mimic clinical
assessment in the real world, as far as possible in an epidemiological investigation. Second,
we applied Confirmatory Factor Analysis, Latent Class Analysis and Receiver Operating
Curves Analysis, applying a similar framework used in other disorders ¢ to a new
syndrome that lacks empirical investigations to guide operationalization. However, this work
has also some important limitations. First, our analysis is focused on internal validators.
Further studies investigating course, family history, treatment response, and other external
validators are needed to demonstrate the validity of the operationalized syndrome. Since
associations between symptoms and irritability-related impairment were investigated using
the same DAWBA DMDD section, the size of the associations is likely to be overestimated.
However, the value of these odds ratios may be helpful in understanding whether the two
aspects of irritability capture distinct or overlapping aspects of irritability-related
impairment. Second, our subjects were all 10-12 years old, and our data might not be
generalized to other developmental stages. Third, because of the skip rule questions, the CFA
parameters were estimated for subjects with irritable mood or outbursts that occurred at least
once a week. Analysis were modeled to consider these characteristics, but this might have
biased the parameter estimates for some items. Also, our approach assumes irritable mood,
outbursts and impairment are distinct domains, which is still an empirical question to be
further tested. Fourth, our analysis is restricted to parent reports, and no information was

acquired from pre-adolescents/early adolescents themselves. Lastly, our approach is

40



restricted to a single sample and it is unclear whether those results can be replicated in other
samples.

To conclude, this is the first study in the field with this intent in this age range
and thus is a first step towards refining the diagnostic criteria of DMDD. Future research to
advance the field of DMDD should include replicating these findings; extending similar
approaches to diagnostic instruments other than the DAWBA; examining symptomatic
thresholds using measures that do not have skipping rules and are designed specifically to
differentiate normative versus non-normative behaviors; investigating interrater reliability;
and including developmentally sensitive items and external validators. Furthermore,
prospective longitudinal investigation that applies this framework beginning at earlier ages
can elucidate the origins of pathologic irritability, thus guiding the development of novel

interventions and developmentally-based prevention.
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Table 1- Prevalence? of Each Disruptive Mood Dysregulation Disorder Item Written in

Combination With the Response Category That Defines a Clinical Indicator

Irritable Mood Prevalence Estimation of

Clinical Indicators (%)

Frequency/duration
1 Irritable mood occurring every day 2.1
2 Irritable mood that lasts more than a few hours 2.7

Characteristics

3 Easily irritated, annoyed or angry a lot 3.6
4 Intense irritable mood a lot 2.8
Settings
5 Irritable mood occurs in the classroom a lot 1.1
6 Irritable mood occurs with peers a lot 0.9
7 Irritable mood is evident to others a great deal 1.7
Temper Outbursts Prevalence Estimation of

Clinical Indicators (%)

Frequency/duration
1 Outbursts occurring every day 1.5

Characteristics of the outbursts

2 Saying any negative thing about self 3.1
3 Any physical aggression to others 1.7
4 Any form of deliberate self-harm 1.3
5 Breaking things (any) 3.4
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Settings

6 Any outburst in the classroom 3.3

7 Outbursts occurs with peers a lot 0.7
Triggers

8 Easily triggered a lot 2.6

Note: 2 Prevalence estimates assume that pre-adolescents/early adolescents whose irritable
mood and outbursts occurred less than once per week (and who therefore did not complete these

items) do not have any of these problems to a significant degree.
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Table 2. Receiver Operating Curves Parameters Investigating the Best Number of Clinical Indicators to Capture Latent
Class Groups

Prediction of Latent Class Groups

©

g Irritable Mood Outbursts Severity of Impairment

(<5}

E ACC Sens Spe PPV NPV YI ACC Sens Spe PPV NPV YIi ACC Sens Spe PPV NPV YiI
0 025 100 0.00 025 - 0 0.12 1.00 0.00 0.12 - 0 0.36 1.00 0.00 0.12 - 0
1 056 100 041 036 1.00 04 0.40 1.00 0.32 0.17 1.00 0.32 0.73 1.00 0.58 0.57 1.00 0.58
2 086 095 0.83 065 098 0.78 0.69 1.00 0.64 0.28 1.00 0.64 0.93 1.00 0.89 0.83 1.00 0.89
3 090 064 099 095 089 063 090 1.00 0.88 0.54 1.00 0.88 0.90 0.72 1.00 1.00 0.87 0.87
4 083 032 1.00 1.00 0.82 0.32 0.98 0.86 0.99 0.98 098 0.85 0.74 0.28 1.00 1.00 0.71 0.28
5 078 011 1.00 1.00 0.77 0.11 0.93 043 1.00 1.00 0.92 0.43

6 076 004 100 100 0.76 0.04 0.89 0.14 1.00 1.00 0.89 0.14

7 075 000 100 - 075 O 0.89 0.12 1.00 1.00 0.89 0.12

8 0.88 0.02 1.00 1.00 0.88 0.02

Note: ACC = Accuracy; NPV = Negative Predictive Value; PPV = Positive Predictive Value; Sens = Sensitivity; Spe =
Specificity; YI = Youden’s Index.
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Table 3 — Impact of Different Rules for Combining Irritable Mood and Temper Outburst
Clinical Indicators and Impairment Requirements on Prevalence Rates of Disruptive Mood

Dysregulation Disorder (DMDD)

Irritable
Outbursts AND Rule OR Rule
Mood
No impairment requirement 241 0.9 1.63 4.94
At least one setting 1.80 0.70 1.46 3.96
At least two settings (optimal) 1.12 0.64 1.23 3.00
At least three settings 0.61 0.48 0.87 1.96
All four settings 0.17 0.17 0.53 0.87

Note: Settings: 1= Impact on family life; 2 = impact on friendship; 3 = Impact on learning;
4 = Impact on leisure.
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Figure 1 — Symptomatic and Syndromic Thresholds and Clinical Operationalizations

Questionnaires and
Interviews
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Supplement 1
Fit Indexes for Confirmatory Factor Analysis

For all CFA unidimensional models, we used delta parameterization and weighted
least-square parameters using a diagonal weight matrix with standard errors and with mean
and variance-adjusted chi-square test statistics (WLSMV) estimators. The measures of
goodness of fit were assessed through the following fit indices: chi-square, SRMR
(standardized root mean square residual), CFI (comparative fit index), TLI (Tucker-Lewis
Index) and RMSEA, (root mean square error of approximation). To demonstrate good fit to
the data, an estimated model should have a SRMR near or below 0.08, a RMSEA of near or
below 0.06 and CFI and TLI near or above 0.95 (Hu & Bentler, 1999). Details about the
estimators and the model fit used in this study can be found in Table S2, available online,
which provides the fit indexes of the unidimensional models for irritability, outbursts and

impairment items.
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Table S1 - Irritable mood, outburst and impairment items and their response categories as described in

DMDD section of the DAWBA questionnaire

DAWBA Questionnaire Items Response categories

Irritable Mood Section

Frequency of irritable/angry mood Occasionall

Never 1-2/week Every day
(plyl) y > 3/week
Easily irritated (ply8) No A little A lot
Intense irritability (ply9) No A little A lot

No more
than a
few Less than A few Most or all
Long duration of irritability (p1y10) minutes an hour hours of the day
A medium

Irritability evident to others (plyl1l)  Not at all A little amount A great deal
At home (plyl2a) No A little A lot
In the classroom (plyl2b) No A little A lot
With peers (plyl2c) No A little A lot

Angry weeks (irritable most of the

day, nearly every day) 2 (plyl13) No Yes

Outbursts Section
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Occasionall

Never 1-2/week Every day

Frequency of outbursts (ply2) y
Slamming doors (ply3a) No A little A lot
Shouting (ply3b) No A little A lot
Swearing (ply3c) No A little A lot
Saying mean things to others (p1ly3d) No A little A lot
Saying negative things about himself
(ply3e) No A lttle A lot
Physical aggression to others (ply3f) No A little A lot
Deliberate self-harm (p1ly3g) No A little A lot
Breaking things (ply3h) No A little A lot
At home (ply4a) No A little A lot
In the classroom (ply4b) No A little A lot
With peers (ply4c) No A little A lot
Recognizable triggers (ply5) No Perhaps Definitely
Easily triggered (ply6) No A little A lot
Outburst-free gap in the last year ® Lessthan Lessthana Lessthana More than 3
(ply7) a day week month 1-3 months  months
Impairment Section

A medium
Impact on family life (ply19a) Not at all A little amount A great deal

A medium
Impact on friendship (ply19b) Not at all A little amount A great deal
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A medium

Impact on learning (p1y19c) Not at all A little amount A great deal
A medium
Impact on leisure (ply19d) Notatall A little amount A great deal

Note:  The item “angry weeks” was not included because the item “long duration of irritability” already
contains the response option that captures “irritable most of the day, nearly every day”; ° Item excluded
of the analysis. The rationale for excluding this item is that it is unclear whether we would expect this
item to be monotonically related to the overall latent construct given short periods of irritability with
large gaps could also inform episodes of irritability (a marker of severity and bipolar disorder in

children).
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Table S2 - Fit indexes of the unidimensional irritable mood, outbursts and impairment

Confirmatory Factor Analysis Models

Fit indexes Irritable Mood ? Outbursts Impairment

FP 27 44 16
3254.236 3352.504 2865.135

& (df=28; p<0.001) (df=91; p<0.001) (df=6; p<0.001)

RMSEA 0.057 0.057 0.032

Cl1 90% 0.040- 0.074 0.047-0.068 0.000-0.088

CFI 0.989 0.968 1.000

TLI 0.984 0.961 0.999

SRMR 0.057 0.085 0.019

Note: 2 Items p1ly12b-ply12c allowed to correlated due to similar item content/context; °

Items ply4b-ply4c and ply3b-ply3c allowed to correlated due to correlated due to

similar item content/context; CFl = Comparative Fit Index; Cl = Confidence Interval; df

= degrees of freedom; FP = Free Parameters; RMSEA = Root Mean Square Error of

Approximation; SRMR = Standardized Root Mean Square Residual; TLI = Tucker-Lewis

Index; ¥? = Robust Chi Square Difference Test.
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Table S3 — Factor Loadings and Category Threshold parameters for items in the Irritable Mood section

Factor Location Location
Items (item code in DAWBA) T1 T2 T3 T4
Loadings (mean) rank
Frequency/duration
Frequency of irritable/angry mood Occasionally 1-2/week > 3/week Every day
0.495 0.078 1.143 0.611 4

Most/all of the

Long duration of irritability <lhr Few hours day

0.420 0.053 0.98 1.726 0.920 6
Characteristics A little A lot
Easily irritated 0.905 -0.138 0.775 0.319 3
Intense irritability 0.910 0.281 0.973 0.627 5
Settings A little A lot
At home 0.624 -2.123 0.303 -0.910 1
In the classroom 0.292 0.471 1.521 0.996 7
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With peers 0.423 0.438 1.608 1.023 8

A medium
Irritability evident to others A little amount A great deal
0.437 -1.345 -0.095 1.256 -0.061 2

Note: T1= First threshold; T2 = Second threshold; T3 = Third threshold; T4 = Fourth threshold.
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Table S4 - Factor Loadings and Category Threshold parameters for items in the Temper Outbursts section

Factor Location  Location

Items (item code in DAWBA) T1 T2 T3 T4
Loadings (mean) rank

Frequency/duration
Frequency of outbursts Occasionally 1-2/week >3/week  Every day

0.565 -0.068 1.129 -0.424 5
Characteristics A little A lot
Slamming doors 0.525 -0.893 0.333 -0.274 6
Shouting 0.550 -1.004 0.062 -0.472 4
Swearing 0.693 -1.129 -0.015 -0.572 3
Saying mean things to others 0.743 -0.548 0.259 -0.143 7
Saying negative things about himself 0.481 0.633 1.316 0.981 10
Physical aggression to others 0.619 0.050 1.086 0.576 9
Deliberate self-harm 0.527 1.211 2.030 1.626 14
Breaking things 0.572 0.562 1.471 1.023 11
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Settings A little A lot
At home 0.722 -2.597 0.068 -1.264 1
In the classroom 0.351 0.604 1.628 1.123 13
With peers 0.372 0.448 1.585 1.024 12
Triggers
Recognizable triggers Perhaps Definitely

-0.193 -0.815 -0.403 -0.610 2
Easily triggered A little A lot

0.664 -0.109 0.784 0.347 9

Note: T1 = First threshold; T2= Second threshold; T3= Third threshold; T4 = Fourth threshold.
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Table S5 - Factor Loadings and Category Threshold parameters for items in the Impairment section

Factor Location Location
ltems T1 T2 T3
Loadings (mean) rank

A medium  Agreat

A little
amount deal
Impact on family life 0.709 0.018 1.036 2.109 1.054 1
Impact on friendship 0.903 0.545 1.434 2.376 1.452 3
Impact on learning 0.825 0.601 1.238 2.443 1.427 2
Impact on leisure 0.826 0.672 1.521 2.757 1.650 4

Note: T1 = First threshold; T2 = Second threshold; T3 = Third threshold.
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Table S6 — Latent Class Model Fit Indexes and Entropy for each of the four latent class solutions

for irritable mood, outbursts and impairment items

Irritable Mood

log- resid. likelihood-
Model BIC aBIC cAIC Entropy
likelihood Df ratio
Model 1  -1.296.125 120 2.634.154 2.611.943 2.641.154  324.66270 -
Model 2 -1.191.353 112 2472502 2424.906 2487.502 115.11877 0.886
Model 3 -1173.152 104  2483.992 2411.012 2506.992 78.71695 0.98
Model 4  -1167.479 96 2520.538  2422.173  2551.538 67.37120 0.948
Outbursts
log- resid. likelihood-
Model BIC aBIC cAIC Entropy
likelihood Df ratio
Model 1  -1501.228 247  3050.347 3024.963  3058.347 335.1590 -
Model 2 -1435.849 238  2973.468 2919.527 2990.468 204.4022 0.665
Model 3 -1424.724 229  3005.096 2922.597 3031.096 182.1518 0.634
Model 4  -1412.391 220  3034.308 2923.251  3069.308 157.4852 0.719
Impairment
log- resid. likelihood-
Model BIC aBIC cAIC Entropy
likelihood Df ratio
Model 1 -1015.8047 11 2055.555  2042.863 2059.555 307.99668133 -
Model 2 -872.9925 6 1799.863 1771.306  1808.863 22.37226443 0.789
Model 3 -866.3003 1 1816.411  1771.988 1830.411 8.98796565  0.661
Model 4  -861.8353 -4 1837.413  1777.125 1856.413 0.05789396  0.738

Note: aBIC = adjusted Bayesian Information Criteria; BIC = Bayesian Information

Criterion; cAIC = Consistent Akaike Information Criterion; df = degrees of freedom.
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Table S7 - Fit indexes of the unidimensional, correlated and bifactor models of irritable mood

and temper outbursts (n=398)

Correlated with

Fit indexes Unidimensional o & ErEane Bifactor 2
FP 31 32 46

Y 241.4 231.625 124.387
RMSEA 0.066 0.064 0.041

Cl1 90% 0.056-0.076 0.054-0.074 0.028- 0.054
CFlI 0.926 0.930 0.975
TLI 0.847 0.917 0.965
SRMR 0.136 0.134 0.103

Note: @ The bifactor model resulted in negative residual variances and items with negative factor
loadings in specific domains and, therefore, this model was not considered further in the analysis;
CFI = Comparative Fit Index; Cl = Confidence Interval; df = degrees of freedom; FP = Free
Parameters; RMSEA = Root Mean Square Error of Approximation; SRMR = Standardized Root

Mean Square Residual; TLI = Tucker-Lewis Index; y?>= Robust Chi Square Difference Test.
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Table S8 - Left Censored regression comparing DMDD groups in SDQ scores

Contrast with Other DSM-

Contrast with TDC
5 Disorders
p-
MD SE p-value MD SE
value

SDQ: Total
Other disorders 954 0.35 <0.001 - - -
Irritable mood only 12.12  0.94 <0.001 2.57 1.07  0.016
Outbursts only 1342 1.23 <0.001 3.87 1.37  0.005
Combined 1556 0.89 <0.001 6.02 1.02 <0.001
SDQ: Emotional
Other disorders 275 0.16 <0.001 - - -
Irritable mood only 294 042 <0.001 0.19 049 0.694
Outbursts only 246  0.55 <0.001 -0.28 0.63  0.657
Combined 3.31 0.40 <0.001 0.56 0.04 0.234
SDQ: Hyperkinetic
Other disorders 365 0.21 <0.001 - - -
Irritable mood only 450 0.54 <0.001 0.85 0.53 0.113
Outbursts only 538 0.71 <0.001 1.73 0.68 0.011
Combined 5.35 052 <0.001 1.69 0.04 <0.001
SDQ: Conduct
Other disorders 281 0.162 <0.001 - - -
Irritable mood only 3.96 0416 <0.001 1.16 046 0.111
Outbursts only 5.13  0.547 <0.001 2.33 0.59 <0.001
Combined 5.71  0.396 <0.001 291 0.39 <0.001



SDQ: Peer relationships

Other disorders 2.42
Irritable mood only 3.11
Outbursts only 2.82
Combined 3.67
SDQ: Impact

Other disorders 4.09

Irritable mood only 5.35
Outbursts only 451

Combined 6.07

0.17

0.43

0.57

0.41

0.21

0.47

0.63

0.45

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.69

0.40

1.25

1.22

0.42

1.94

0.48

0.62

0.46

0.45

0.59

0.43

0.146

0.514

<0.001

0.006

0.711

<0.001

Note: MD = Mean Difference; SDQ = Strengths and Difficulties Questionnaire;

TDC = Typically Developing Comparisons.
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Table S9 — Psychiatric comorbidities in Disruptive Mood Dysregulation Disorder defined using

different combination rules for the irritable mood and temper outburst domains

Current Irritable AND OR
Outbursts
DMDD  Mood Rule Rule
Psychiatric Comorbidities (n=22)
(n=86) (n=40) (n=44) (n=107)

Prevalence Estimation (%)

Any disorder (except DMDD) 62.8 60.0 56.5 79.5 67.3
Any Anxiety Disorder 23.3 22.5 13.0 31.8 24.3
Generalized Anxiety Disorder 5.8 7.5 0 9.1 6.5
Separation Anxiety Disorder 7 2.5 4.3 13.6 7.5
Agoraphobia 3.5 2.5 0 4.5 2.8
Panic Disorder 1.2 0 0 2.3 0.9
Social Anxiety Disorder 3.5 10.0 0 4.5 5.6
Specific Phobia 11.6 2.5 8.7 15.9 9.3
Other Specified Anxiety Disorder 1.2 0 0 0 0
Any Mood Disorder 11.6 17.5 4.3 15.9 14.0
Major Depressive Disorder 8.1 12,5 4.3 11.4 10.3
Bipolar Disorder/Mania 3.5 7.5 0 2.3 3.7
Other Specified Depressive Disorder 1.2 2.3 0 2.5 1.9
Any Attention-Deficit/Hyperactivity
44.2 30.0 34.8 50.0 39.3

Disorder

Combined 29.1 17.5 17.4 31.8 23.4
Hyperactive/impulsive 35 0 13.0 4.5 4.7
Inattentive 9.3 7.5 0 114 7.5
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Another Specified ADHD 2.3 5 4.3 2.3 3.7
Any Disruptive Behavior Disorder 20.9 20.0 34.8 38.6 30.8
Oppositional Defiant Disorder 0 12.5 21.7 114 14.0
Conduct Disorder 18.6 10.0 17.4 27.3 18.7
Other Disruptive Behavior Disorder 2.3 0 4.3 4.5 2.8
Other Disorders

Obsessive-Compulsive Disorder 1.2 2.5 0 2.3 1.9
Posttraumatic Stress Disorder 3.5 0 0 4.5 1.9
Autism Spectrum Disorder 3.5 0 4.3 6.8 3.7
Eating Disorders 1.2 0 0 2.3 0.9
Current DMDD - 37.5 39.1 84.1 57.0

Note: DMDD = Disruptive Mood Dysregulation Disorder.
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Figure S1 — Latent Class Clinical Indicator endorsement distribution between classes
with low and high levels of irritable mood, outbursts and impairment

Irritable Mood

symp_iriloll

Bymp_ilpaas

Mandes! variables

YDk no0m
sy irilintenss

ByT_imileasily

l J symp_rrsongdurad
wyp il

07574 02476

Prioutcoma)

Classes, population share

Outbursts

Symg_oubei
P _culpaerns
aymp_oulclassroor

Manifest variables

symp_outhreakthings
symg_outsalihanm
Symg_oulagrofhens
symp_outnagihings

s symp_oiul
01437 D BEED

Pr{outcomae)
—

Classes; population share

Impairment



Manifest variables

l pres_imple
—_ l pres_implearn
[)
£
S l
5 pres_impfriend
=2
=
a
! ¥ symp_impdaily
0.6412 0.3588

Classes; population share

Note: Graphs represents the chance of endorsement of each irritability, outburst and

impairment clinical indicators between the two latent classes.

69



Figure S2 — Receiver Operating Curve for predicting latent classes of subjects with

high levels of irritable mood, outbursts and impairment
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Figure S3 — Comparison of Strengths and Difficulties Questionnaire Scores among
Typically Developing Pre-Adolescents/Early Adolescents, Pre-Adolescents/Early
Adolescents with non-DMDD disorders, with irritable mood only, outbursts only and

both irritable mood and outbursts (combined)
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Figure S4 — Comparison of Strengths and Difficulties Questionnaire Scores between
Disruptive Mood Dysregulation Disorder, defined using the OR rule, and subjects

matched for psychiatric comorbidity
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Figure S5 — Comparison between Strengths and Difficulties Questionnaire Scores

between Disruptive Mood Dysregulation Disorder, defined using the AND rule, and

subjects matched for psychiatric comorbidity
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Abstract

Objective: The aim of this study is to identify the most appropriate data-driven threshold
for the Disruptive Mood Dysregulation Disorder (DMDD) diagnosis in adolescents and
young adults and the impact of changes in diagnostic rules on prevalence.

Methods: Trained psychologists assessed 1705 adolescents (aged 14-17) and young
adults (aged 18-23) with the DMDD module from the Development and Well-being
Behavior Assessment (DAWBA). Participants are part of the Brazilian High-Risk
Cohort Study for Mental Conditions (BHRCS, 3™ wave). First, we tested if the latent
construct of irritability is comparable between groups of adolescents and adults using
measurement invariance analysis. Second, we used a previously validated pipeline to
assess the most appropriate symptomatic and syndromic thresholds for the diagnosis
and the best way to perform clinical operationalization using AND/OR rules for
combining irritable mood and outbursts.

Results: First, measurement invariance analysis showed that thresholds for measuring
irritability symptoms change between adolescence and adulthood. Symptomatic
threshold analyses showed irritable mood items were considered problem indicators in
their highest response category for both age groups. For outbursts, some results
suggested a symptom to be significant even at mild levels, while other results found no
evidence of clinical significance at any level, with some differences between age
groups. At the syndromic level, a combination of 3 out of 8 symptoms of irritable mood
and 1 out of 10 symptoms of outbursts accurately captured a cluster of individuals with
high level of symptoms in the adolescent group; in young adults 1 out of 8 symptoms of
irritable mood and 1 out of 9 symptoms of outbursts are required. Analysis combining

irritable mood and outbursts delineated non-overlapping aspects of DMDD. Finally, we
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presented the prevalence rates for the combination of distinct DMDD diagnostic rules
and show a developmental follow-back analysis and experience momentary assessment.
Conclusions: Results provide data-driven information for future revisions of the DSM-

5 and explore adaptations of the DMDD diagnosis to adulthood.

77



Introduction

Irritability, defined as an increased propensity to anger related to peers, is
common in people seeing psychiatric treatment and associated with negative outcomes®
8, Irritability in childhood predicts problems in adolescence* and adulthood®®.
Disruptive Mood Dysregulation Disorder (DMDD), a new category included in the 5%
edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5)’,
captures pathological manifestations of irritability in children. Epidemiological data on
DMDD diagnostic thresholds are needed, specially beyond early development stages
such as in adolescence and adulthood.

We recently suggested several refinements possibilities to the DMDD diagnostic
criteria using a population of early adolescents of Pelotas birth cohort 2. In our first
step, the symptomatic threshold, we identified the irritable mood and outbursts items-
level thresholds that differentiate normative from clinical problems in order to
dichotomize response levels as clinically significant or not. In our second step, the
syndromic threshold, we quantified the number of abnormal behaviors required to
characterize a valid diagnosis using data-driven clustering approaches. In the last step,
the clinical operationalization, we studied the irritable mood and outburst domains and
demonstrated that the two differ from a latent perspective, that is, they are
independently associated with impairment.

We aim now to expand this methodology for study the clinical threshold for
severe and impairment irritability in adolescence and adulthood. Irritability is a
symptom of three diagnoses in DSM-5: Intermittent Explosive Disorder (IED),
Oppositional Defiant Disorder (ODD) and DMDD. IED involves extreme temper
outbursts, whereas ODD and DMDD involve both disruptive behaviors and irritable

mood®. The DMDD diagnosis was based on the Severe Mood Dysregulation syndrome,
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described by Leibenluft and colleagues in children, and made its way into the DSM-5
with some modifications. By means of a complete lack of evidence in the adult
population, currently the DSM-5 requires the diagnosis of DMDD should not be
performed for the first time after age 18. However, this impediment prevents research to
really investigate homotypic continuity of irritability symptoms over development,
given IED is typically not assessed in children and DMDD is typically not assessed in
adults®. Also, ODD is deemed by many as too heterogeneous involving distinct
developmental correlates®!?,

In the current study, we studied 722 adolescents (14-17 years) and 983 young
adults (18-23 years) who are part of the Brazilian High-Risk Cohort Study for Mental
Conditions (BHRCS, 3" wave). First, we considered whether the thresholds for DMDD
in adolescents are comparable to those in young adults based on measurement
invariance analysis. Then we used Confirmatory Factor Analysis (CFA) to identify
item-level thresholds differentiating normative from clinical problems as assessed by
the DMDD module of the DAWBA in both age groups. This was used to dichotomize
response levels as clinically significant or not. We next used these binary clinical
indicators as input to a Latent Class Analysis (LCA) that assigned individuals into
clusters with high and low levels of clinical indicators for each domain, combined with
a Receiver Operating Curves (ROC) analysis to detect the number of clinical indicators
needed to predict class membership from the LCA and to translate the data-driven
results to DSM-5 symptom counts. We then used AND/ OR rules to combine the
irritable mood and temper outbursts symptomatic domains. Finally, we tested the
impact of such rules in prevalence levels and associations with other mental health
problems and included two data analysis assessing the validity of the best-matching

operationalized diagnosis.

79



Methods

Participants

Participants of this study were 722 adolescents aged 14-17 and 983 young adults
aged 18-23 which are part of the 3" wave of the BHRCS. The BHRCS is a large and
well-established school-based community cohort from two Brazilian cities: Porto
Alegre and S&o Paulo which uses a two-stage design. We first assessed symptoms
and family history of psychiatric disorders in a screening interview, collecting
information from 9,937 participants at 57 schools in the cities of Sdo Paulo and
Porto Alegre, as well as from 45,394 family members. In the second stage, a
random subsample (n = 958) and a high-risk subsample (children at increased risk
for mental disorders, based on family risk and childhood symptoms, n = 1554) were
selected for further evaluation. We evaluated those 2,511 participants using an
extensive protocol. A total of 1705 participants were interviewed in the 3™ wave
with a trained psychologist, which represents 68% of the original sample. The study
was approved by the ethical committee of the University of Sao Paulo. Informed
consent was obtained from the parents of all participants. Full details of the study

design, measures, and sample have been published elsewhere??,

Instruments and Diagnostic Assessment

The interview with the adolescents and young adults of the DMDD section from
the DAWBA questionnaire'* was administered by trained psychologists. The closed
ended questions start with two skip questions about the frequency of irritable mood and

temper outbursts. Participants who answered that irritable mood and/or temper outbursts
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occurred at least once a week were probed to answer specific questions that characterize
all DSM-5 criteria for DMDD.

A total of 347 adolescents and 495 young adults answered the DMDD section on
irritable mood. This section includes 8 items characterizing the threshold for experiencing
anger, intensity of anger if compared to peers of the same age, duration of anger during
the day, whether irritable mood is perceived by others, setting in which anger occurs (at
home, at school, with peers) and number of anger weeks throughout the year. A total of
196 adolescents and 258 young adults of the 3™ wave of the BHRCS answered the DMDD
section on outbursts. This section includes 15 items describing behavior during outbursts
(slamming doors, shouting, swearing, saying mean things to others, saying negative
things about self, physical aggression to others, deliberate self-harm, breaking things),
setting in which outbursts occurred (at home, at school, with peers) and triggers
(recognizable and easily triggered). We do not use the item "outbursts free-gap in the last
year” in our analysis (DSM requires that there is not a period higher than 3 or more
consecutive months without irritable mood and temper outbursts). The rationale for
excluding this item is that it is unclear whether we would expect this item to be
monotonically related to the overall latent construct given short periods of irritability with
large gaps could also inform episodes of irritability (a marker of severity and bipolar
disorder).

Lastly, a total of 381 adolescents and 535 young adults that completed either the
irritable mood or outburst sections were asked to also complete 4 items about impairment
(impact on family life, friendship, learning, and leisure activities). After the impairment
questions, participants answered the open-ended questions that allow qualitative

description of the symptoms, frequency, and other characteristics of the disorder. All

81



questions and response categories from the DMDD section are depicted in Supplemental
Table S1.

Categorical diagnoses of the main psychiatric higher-order groups (Any Anxiety
Disorder, Any Depressive Disorder, Any Attention-Deficit/Hyperactivity Disorder and
Any Disruptive Behavior Disorder) were performed by the DAWBA administered by
trained psychologists to participants and by lay interviewers to parents. Final diagnosis
was made by a psychiatrist reviewing both interviews and using a best-match approach.

The Strengths and Difficulties Questionnaire (SDQ) was used to measure
dimensional psychopathology and impact of symptoms in everyday life'®>6. The SDQ is
a 25-item behavioral screening questionnaire with five domains, each of which contain
five items (emotional, conduct, hyperkinetic, peer relationships, prosocial behaviors).
We evaluated impact on different settings (education, family life and friendships). For all
these settings, the impact was initially measured using the SDQ impact module. In this
section of the questionnaire, participants were asked to what degree the difficulties
interfere with the evaluated areas, classified as: “not at all”, “only a little”, “a medium

amount”, or “a great deal”. We considered impairment to be present if difficulties

interfered at least “a medium amount”.

Statistical Analysis

Measurement invariance analysis

We used multigroup CFA (MG-CFA) to test the measurement invariance (MI)
of the irritable mood, temper outbursts and impairment latent models using adolescents
and young adults for group comparisons. To understand whether they are assessing

equivalent constructs, a series of nested models with increasing levels of constraints
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were compared. The first step was the configural invariance, which tests if the structural
model fit different groups. If the same structural model fits the data well across groups,
then configural invariance is supported, indicating that the factor structure is the same
across groups in the MG-CFA. Our second step of invariance examination was to
examine scalar invariance by constraining factor loadings and comparing model fit of
this constrained model to the configural model. Scalar equivalence measure if
thresholds are also equivalent across groups. Several indicators and cut-offs have been
proposed to establish MI. As the y2 is highly sensitive to sample size, we used two
alternative fit indexes measures derived from the difference between the less and the
more restricted models for the CFI and RMSEA. ACFI < .01 and ARMSEA < .015 or
ASRMR < .010 between nested models with increasing levels of constrains indicate that

the model is invariant®’.

Symptomatic threshold

The eight items on irritable mood, fourteen items on outbursts and four items on
impairment of the adolescents and young adults were included in a MG-CFA testing
unidimensional models for each construct for each age-group. Details about the
estimators and the model fit used in this study can be found in Table S2, available online,
which provides the fit indexes of the unidimensional models for irritability, outbursts and
impairment items. CFA models estimate item level factor loadings (A) and response
category thresholds. Factor loadings represent the strength of the relationship between
the latent trait and the item, i.e., they indicate how well each item discriminates different
severity levels of a given construct. Category thresholds indicate the expected value of
the latent factor at which there is a 50% probability of endorsing a given category or

higher i.e., the category threshold indicates the severity level at which the transition from
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one response category to the next is likely to happen (e.g., from ‘No’ to ‘A little’ or higher,

or from ‘A little’ to ‘A lot).

To distinguish normative misbehavior from behavior that would meet a
diagnostic criterion, we used category thresholds from the CFA. CFAs were performed
only in participants with a frequency of irritable mood and outbursts greater than once a
week. We interpreted values below 0.5 as typical development (normative) and values
at or above .5 as ‘clinical indicators’ (a proxy for symptoms or problem indicators).
This limen was used in our model paper'? and was also performed in other
investigations®. The thresholds above .5 represents an approximation to the top 5%

most symptomatic adolescents and young adults in the population.

Syndromic threshold

Before data analysis, each questionnaire item was dichotomized at the value of
the category threshold defined in the symptomatic threshold analysis described above in
participants with at least one clinical indicator. Dichotomized items were chosen to enter
the latent class analysis (LCA) because our intention was not to characterize varying
levels of irritability in the community, but to identify groups that differ in their number
of clinical indicators. LCA were used to create empirically derived groups of levels of
clinical indicators for irritable mood, temper outbursts and impairment for the adolescents
and young adults’ groups separately. Next, we used Receiving Operating Curves to
predict the most accurate number of clinical indicators for detecting participants with high
levels of symptoms (as defined by latent class analysis) with regard to irritable mood,
outburst and impairment, in both age groups. ROC analysis was used as a way to translate
results from the syndromic thresholds of the LCA to the reality of clinical practice, which
uses symptom counts. Thus, the ROC identifies a simple rule to allow the identification

of adolescents and young adults that are likely to be members of the cluster that exhibit a
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high level of clinical indicators. The optimal cut-off was estimated using the Youden’s J

Statistic, which maximizes both sensitivity and specificity*°.

Clinical operationalization

To study the four solutions — irritable mood only, outbursts only, ‘OR’ rule
(irritable mood or outbursts) and ‘AND’ rule (irritable mood and outbursts) - for clinical
operationalization we used the following strategies for age groups separately: 1) we tested
whether meeting criteria for the irritable mood group and/or for the outbursts group have
distinct or overlapping associations with the impaired functioning group using a multiple
logistic regression; 2) we used linear regressions adjusted for outcomes to compare SDQ
total and impact dimensional scores between participants meeting criteria for the four
solutions with a group of participants with other DSM disorders except for DMDD and
typically developing comparisons; 3) for both OR and AND groups, we used a matching
procedure to compare levels of SDQ scores between a group that differed in DMDD status

(yes vs. no DMDD) but were otherwise fully matched for comorbidities.

Epidemiological Impact and validity

Finally, using the relative frequency, we investigated the impact of these
diagnostic solutions (AND/OR rules and combinations with impairment requirements) on
the prevalence rates of DMDD in the community. Prevalence rates were adjusted by
attrition and corrects for the oversampling procedure using sampling weights that were
constructed to represent the selected sample at baseline (which is representative of the
community). Weights were constructed using propensity score weighting approach for

the people investigated in the sample to match the randomly selected sample from the
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ascertainment phase of the study. This strategy corrects both for attrition and for the
oversampling strategy used in the study to increase the number of high-risk participants.

We have also included two data analysis assessing the validity of the best-
matching operationalized diagnosis. First, a developmental follow-back retrospective
analysis in which we compare trajectories of irritability symptoms measured by the
parent-reported Child Behavior Checklist (CBCL) and Adult Behavior Checklist (ABCL)
irritability items (items 3, 86, 87 and 95) in three timepoints (baseline, wave 2 and wave
3 — 4,794 observations from 2511 participants over the past 10 years) between subjects
with and without DMDD in the last timepoint (wave 3). This analysis was performed
using Generalized Additive Models Mixture Models, using age splines as random slopes
for each participant. Second, a prospective Experience Momentary Assessment (EMA)
collected in a subsample of participants during a COVID-19 pandemic. We selected
participants with at least 7 valid responses among the 70 probes for data collection sent
over a 2-week period (5 probes per day). This resulted in 8146 observations from 251
participants (25 participants with DMDD and 226 without DMDD). We compared the
mean and standard deviation of probes with irritable mood (answered “somewhat angry”,
“angry” or “very angry”) as opposed to non-irritable mood (answered ‘“neutral”,
“somewhat calm”, “calm”, “very calm”) in this 2-week period. This assessment occurred

on average 2 years after the DMDD diagnosis.

The analysis were performed in Mplus version 8.62° and R version 3.6.1%,
including applications implemented in the packages lavaan 0.6-5%2, poLCA 1.4.1%,

pROC 1.15.3%*, CensReg 0.5-26%°, Matchlt 3.0.2?° and data.table 1.14.0%.

Results
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Measurement invariance analysis

MI analysis are presented in Table 1. Results shows that the increasing level
of constraint in irritable mood and impairment models simultaneously modified CFI and
RMSEA or SRMR beyond the threshold proposed, contrary to what happened with the
outburst model. We can conclude, for the irritable mood and impairment models, that
we are measuring different thresholds of the latent construct of irritable mood and
impairment in each age group. This result justifies conducting a separate investigation

for adolescents and young adults.

Table 1 around here

Symptomatic threshold

The eight irritable mood items in adolescents were considered problem
indicators (proxy for symptoms) in their highest category of response in the
questionnaire. When we approach the items “frequency of irritable mood” and “long
duration”, the irritable mood has to be present every day and most of the day to be
considered a problem indicator. The items “easily irritated” and “intensity” where
considered problem indicators when a lot. The same applies to the settings “at home”,
“in the classroom” and “with peers”. The item “irritable mood evident to others” has to
be graded “a great deal” to be considered a symptom (Table S3, available
online). Irritable mood in young adults showed similar results to the irritable mood in
adolescents, except for the item “irritable mood that happens in the classroom” which is

considered a symptom even when present as “a little” (Table S4, available online).
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For outbursts some indicated a symptom even when present at only a mild level,
while others did not indicate symptoms at any level, with differences in three items
between age groups. When analyzing outbursts in adolescents, 10 out of 14 are
considered symptoms. Outbursts have to occur every day to be considered problem
indicators, being the items “shouting” and “swearing” always considered
normative; “self-harm”, “breaking things” and “physical aggression” considered
problem indicators even when “a little”; and “saying negative things about himself”,
“saying mean things to others” and “slamming doors” considered problem indicators
only when “a lot”. The settings “with peers” and “at the classroom” are considered
symptoms only when “a lot”, while they are always normative when they occur “at
home”. The item “easily triggered” is only considered a problem when “a lot” while
“recognizable trigger” is always normative (Table S5, available online). When
comparing to young adults, 9 out of 14 are considered symptoms. The item “‘at the
classroom” becomes a symptom even when “a little” and the item “breaking things” is
symptom only when “a lot”. As for the item “saying mean things” it becomes normative
(Table S6, available online).

For impairment, the four settings (impact on family life, friendship, learning and
leisure) are normative when “A little” and indicate a symptom when “a medium amount”

or “a lot” in both populations (Tables S7 and S8, available online). See Figure 2.

(Table S3 —> Table S8, available online).

Figure 2 around here

Syndromic threshold
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The prevalence of each clinical indicator is presented in Table 2. All LCA analyses
indicated that the two-class solution was the best for each of the three domains for
adolescents and young adults (Table S9, available online). This indicates that, in each of
these domains, the population is divided into two groups characterized by high vs. low
symptoms. We next performed ROC analyses to determine the best number of clinical
indicators (i.e., those items identified by the CFA) to use to predict membership in the
high vs. low symptom classes identified by the LCA. Youden’s J demonstrates that for
adolescents we need 3 out of 8 symptoms of irritable mood and 1 out of 10 symptoms of
outbursts and 1 environment for that to become a diagnostic. For young adults we need 1
out of 8 symptoms of irritable mood and 1 out of 9 symptoms of outbursts and 1

environment for that to become a diagnostic. See Table 3 for details.

Clinical operationalization

To study our proposed solutions (combinations of the ‘OR” and ‘AND’ rules),
we have the following results for both age groups: (1) both irritable mood and outbursts
were associated with clinical impairment in multiple models adjusted for the effects of
including both predictors in the same model (adolescents: irritable mood adjusted OR=
8.87, p<0.001; outbursts adjusted OR= 5.93, p<0.001; young adults: irritable mood
adjusted OR=5.64, p<0.001; outbursts adjusted OR= 4.2, p<0.001); (2) comparisons
between irritable only, outbursts only and combined groups with typically developing
comparisons and with a group of patients with other DSM disorders (except for
DMDD) showed all DMDD solutions had higher scores on total and impact SDQ scales
than typically developing comparisons and the combined solution had higher total and
impact SDQ total scores than participants with other DSM diagnosis (Table S10,

available online); (3) left-censored regressions comparing groups matched for
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comorbidity (any anxiety, any mood, any hyperkinetic and any disruptive behavior
disorder) showed that, using either the OR or the AND rule, the DMDD group showed
higher total, emotional, conduct, hyperactivity, peer relationship and impact scores than
did the non-DMDD group with matched comorbidities (Figure S1 and Figure S2,

available online).

Epidemiological Impact and validity

In adolescents, ROC analysis requires an impact in at least 1 setting and have the
following prevalence rates: 1.1% only irritable mood, 4.8% only outbursts, 7.4% irritable
mood or outbursts, and 3.0 % both irritable mood and outbursts. In young adults, ROC
analysis requires an impact in at least 1 setting and have the following prevalence rates:
3.2% only irritable mood, 1.1% only outbursts, 7.4% irritable mood or outbursts, and 3.0
% both irritable mood and outbursts. Prevalence rates for other combinations can be found
in Table 4.

In the developmental follow-back analysis, there was a significant time by DMDD
status interactions (edf=1.772, F=10.3, p<0.00005), meaning that for children younger
than 12 years of age irritability symptoms were lower than children without DMDD and
for participants older than 12 years of age, participants have higher irritability symptoms
as assessed by the CBCL. In the EMA analysis, on average the DMDD group spend 9.4%
more probes with irritable mood than the non-DMDD group (t=3.54, p=0.00047) with

standard deviations 11.2% higher (t=4.097, p<0.00001).

Discussion
This study aims to advance the study clinical threshold determination for DMDD

in adolescents and young adults. We found that the thresholds for endorsing clinical
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indicators for irritable mood and irritability-related impairment are different between
adolescents and young adults. At symptomatic threshold, the CFA showed that all
irritable mood items were normative in the low response categories and clinical indicators
in the high response categories; irritable mood at the classroom in young adults was the
only difference in relation to adolescents being a symptom even when mild. For outbursts,
the threshold for a clinical indicator varied across items, but differences between age
groups for those criteria were modest. At syndromic threshold, 3 irritable mood
symptoms, 1 outburst symptom and impairment in at least one setting showed to be the
best cut-off in adolescents; while 1 irritable mood symptom, 1 outburst symptom and
impairment in at least one setting would be the best cut-offs for adults. Clinical
operationalization revealed irritable mood and outbursts were independently associated
with impairment; and the OR-rule groups showed comparable or even higher levels of
impairment than other DSM disorders. Matched analysis showed that results cannot be
attributed to comorbidity. The prevalence rates of all the diagnostic criteria for distinct
combinations rules were presented. Finally, developmental follow-back analysis revealed
it DMDD in adolescence and young adulthood is unlikely to be a continuity of childhood
DMDD and prospective EMA analysis provided support for the diagnosis to predict
irritability in intensive methods of data capture.

In our previous study with 11-12-year-old adolescents'? we showed very
similar results in terms of indicators of problematic behavior. Notable exceptions
include irritable mood occurring at home that was normative in our previous work, but
which is considered a symptom in our current work. Concerning outbursts, “slamming
doors” and “saying mean things” were considered normative in our previous work and
found to be symptoms in the current work (the last only for the adolescent group). Our

previous work identified that a combination of 2 irritable mood, 3 outbursts and
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significant impairment in at least two settings discriminated a group of affected
individuals in this developmental period. Our current work showed the need for 3
irritable mood, 1 outburst and impairment in one setting for adolescents; and 1 irritable
mood, 1 outburst and impairment in one setting for young adults. These results reveal
the importance of fine tune diagnostic criteria to each developmental stage. We also
suggested that either irritable mood or outbursts might be enough for capture significant
impairment, which provide further evidence for the importance to discuss the possibility
of diagnosing DMDD without the requirement of both manifestations.

While some considerable data exists for DMDD in youth, this is the first study
to explore this diagnostic category in adults. Irritability in adults is listed as a cardinal
symptom of IED, ODD and DMDD in the DSM-5. IED is characterized by the presence
of disruptive behaviors (e.g., extreme temper outbursts, aggression); whereas ODD and
DMDD are characterized by both disruptive behaviors and irritable mood?®. All these
categories are not reconciled throughout development and this imposes important
difficulties for the field to move forward. Although this needs much discussion and
debate, our results suggest the importance of finding a diagnostic home for adults with
irritable mood without outbursts. One possibility is to adopt something similar to
ADHD, in which DMDD could encompass irritable mood only presentations, outbursts
only presentation and the combined presentation. Coccaro et al studied the relationship
between IED and DMDD and acknowledged that phenomenologically they differ from
each other in terms of persistent inter-outburst irritable mood?.

Irritability was found to be a significant predictor of depression, anxiety, and
ODD?, exemplifying its role as part of a pattern of heterotypical comorbidity among
these disorders. Our study investigates the possibility of DMDD diagnosis in adults,

which provide an interesting alternative for capturing the irritable mood component in
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this population. However, this category is unlikely to capture homotypic continuity (i.e.,
irritability in children predicting irritability in adults), given developmental follow-back
analysis revealed that symptoms began to emerge in the adults with DMDD after age
12, and not before. The independence of irritable mood and outbursts components of
irritability in a sample of adults with severe mental disorders was psychometrically
studied and showed that the domains might have common and distinct patterns®. Our
data support an OR rule when combining irritable mood and outbursts, rather than the
AND rule currently in the manual.

Our study has important strengths. First, we are the first study aiming to studying
DMDD criteria in adults with diagnostic instruments designed specifically for that
purpose. Second, we relied on a large population sample and implemented assessment
methods that could mimic clinical assessment in the real world, as far as possible in an
epidemiological investigation. Third, we applied Confirmatory Factor Analysis, Latent
Class Analysis and Receiver Operating Curves Analysis, applying a similar framework
used in irritability in preadolescents and in other disorders given consistency to diagnostic
panels to deliberate on best ways to characterize irritability over development3'32, Fourth,
we assessed the validity of the best-matching operationalized diagnosis with a
developmental follow-back retrospective analysis comparing trajectories of irritability
symptoms and a prospective EMA collected in a subsample of the same cohort during the
COVID-19 pandemic. However, this work has also some important limitations. First, our
analysis is predominant focused on internal validators, and for the external validators we
used instruments that are not specifically designed to diagnose DMDD. Further studies
investigating course, family history, treatment response, genetics and neuroimaging are
needed to demonstrate the validity of the operationalized syndrome. Second, because of

the skip rule questions, the CFA parameters were estimated for participants with irritable
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mood or outbursts that occurred at least once a week. Analysis were modeled to consider
these characteristics, but this might have biased the parameter estimates for some items.
Also, our approach assumes irritable mood, outbursts and impairment are distinct
domains, which is still an empirical question to be further tested.

Finally, this study provides some clinical guidance on how to identify adolescents
and young adults requiring clinical attention on the irritability continuum. Future research
to advance the field of DMDD should include replicating these findings; extending
similar approaches to diagnostic instruments other than the DAWBA; examining
symptomatic thresholds using measures that do not have skipping rules and are designed
specifically to differentiate normative versus non-normative behaviors; and include
external validators. Better understanding of the phenomenology of irritability might allow
for advances in classification of such symptoms, improve our current nosology and,

perhaps, leverage future research to provide better care for these patients.
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Table 1 - Measurement invariance of irritable mood, outbursts and impairment models across age groups

Sample in . Model A2 A A A .
Model each group Invariance x2 df RMSEA CFI TLI  SRMR comparisson  (Adf) CEl RMSEA SRMR Decision

f%i';’sce”ts Configural 101.444*** 38 0063 0969 0954 0.047

Irritable Mood Young
fg;'ts: Scalar  186.719%** 54 0076 0935 0933 0060 Configural (712)%1* 0034 0013 0013  Reject
Adol .
ACORSCENS Configural 265.998** 150 0058 0037 0924  0.074

Outbursts  Young
?5(1;“3: Scalar  302.991*** 176  0.056 0.931 0.929 0.081 Configural é%)ii 0.006 0.002 0.007 Accept
Adolescents )
- 1381 Configural 2.178 4 0.000 1 1 0.008

Impairment  Young
Adults = *kKk . 34.505 .
ol Scalar  39.270 14 0.063 0984 0.986 0.023 Configural (10yeee 0016 0063 0.015 Reject

Note: Invariance decision is based on ACFI < 0.010 supplemented by ARMSEA < 0.015 or ASRMR < 0.010. 2, Chi square test; DF, degrees of freedom; RMSEA,
Root Mean Square Error of Approximation; CFI, Comparative Fit Index; TLI, Tucker-Lewis Index; SRMR, Standardized Root Mean-Square Residual; A, differences
between fit index. **, p < 0.01; ***, p <0.001
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Table 2 — Prevalence of Each Disruptive Mood Dysregulation Disorder Item Written in
Combination with the Response Category That Defines a Clinical Indicator for Adolescents and
Young Adults weighted for attrition and BHRCS oversampling procedure

rritable Mood Prevalence EstlmatlcE(%)f Clinical Indicators

Adolescents Young Adults

Frequency/duration

How often have you been in an angry or

1 irritable mood? Every day 3.9 Every day 4
2 When you beco_me irritable or angry, how Most of the day 4.5  Most of the day 5.6
long do you typically stay that way?
Compared with others of your age, do you
3  easily get annoyed, or become irritable or A lot 7.7 A lot 8.2
angry?
Do you get into seriously irritable or angry
4 moods that are stronger and more intense A lot 2.7 A lot 6.1
than is usual for others of your age?
Where do you become irritable or angry?
5 At home? A lot 126  Alot 11.7

6 In the classroom? A lot 5.4 A little 13.1



When you are with other people of about
your age?

When you are in an angry or irritable
mood, is this obvious to most other
people?

A lot 21 A lot 2.2

A great deal 44  Agreatdeal 4.1

Prevalence Estimation of Clinical Indicators

Temper Outbursts (%)
Adolescents Young Adults

Frequency/duration
How often have you had a temper
outburst? Every day 1.5 Everyday 1.6
When you have a temper outburst, do these
involve the following:
Saying negative things about yourself A lot 6.7 A lot 6
Physical aggression directed to other A little 51 A little 5
people
Deliberately hurting yourself A little 6.3 A little 4.9
Breaking things A little 55 A lot 2.4
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6  Slamming doors A lot 5.2 A lot 3.5

7 Saying mean things to other people A lot 6.7 -

Where do your temper outbursts occur?

8  Inthe classroom? A lot 1.5 A little 3.1
9 When you are with other people of about A lot 17 A lot 1
your age?
Some people have temper outbursts that
10 are triggered very easily. Compared with A lot 2.2 A lot 3.8

others of your age, is this true of you?

Note: Prevalence estimates assume that adolescents and young adults whose irritable mood and
outbursts occurred less than once per week (and who therefore did not complete these items) do not
have any of these problems to a significant degree. Adjusted for weight.
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Table 3 - Receiver Operating Curves Parameters Investigating the Best Number of Clinical Indicators to Capture Latent Class Groups

Prediction of Latent Class Groups - Adolescents

Irritable Mood

Temper Outbursts

Severity of Impairment

S

E

]

E ACC Sens Spe PPV NPV YI ACC Sens Spe PPV NPV Yl ACC Sens Spe PPV NPV Yi
0 0.2 100 0.00 0.22 - 0 082 076 100 100 062 0.76 0.21 100 0.21 0.21 - 021
1 0.36 1.00 0.18 0.26 1.00 0.18 0.98 097 100 100 093 0.78 0.92 100 0.73 0.73 1.00 0.73
2 0.76 1.00 0.69 0.48 100 069 091 100 069 089 100 069 093 0.65 100 1.00 0.91 0.65
3 095 095 0.95 0.83 098 090 0.84 1.00 043 082 1.00 043 0.84 0.21 1.00 1.00 0.83 0.21
4 090 054 099 094 088 053 0.78 100 0.22 0.76 100 022 0.81 0.07 100 1.00 0.80 0.07
5 0.84 0.26 1.00 1.00 0.82 0.26 0.74 1.00 0.10 0.74 1.00 0.10

6 0.81 0.15 1.00 1.00 081 0.15 0.73 1.00 0.06 0.73 1.00 0.06

7 0.79 0.06 1.00 1.00 0.79 0.06 0.72 1.00 0.02 0.72 1.00 0.02

8 0.72 100 0.02 0.72 1.00 0.02

x=) Prediction of Latent Class Groups - Young Adults

%’) Irritable Mood Temper Outbursts Severity of Impairment

(B

E ACC Sens Spe PPV NPV YI ACC Sens Spe PPV NPV Yl ACC Sens Spe PPV NPV Yi
0 0.40 0.17 1.00 1.00 0.31 0.17 081 0.73 100 100 0.61 073 081 0.79 1.00 1.00 0.40 0.79
1 0.82 0.75 1.00 1.00 0.60 0.75 098 097 100 1.00 094 097 100 1.00 1.00 1.00 1.00 1.00
2 0.90 095 0.77 092 087 0.72 091 1.00 0.70 0.89 1.00 0.70 093 1.00 0.42 0.92 100 0.42
3 0.85 099 046 083 098 045 081 1.00 035 0.78 1.00 035 0.89 1.00 0.12 0.88 1.00 0.12
4 0.79 100 0.26 0.78 100 026 0.74 1.00 0.12 0.73 1.00 0.12 0.87 1.00 0.00 0.87 - 0
5 0.75 100 0.09 0.74 100 0.09 0.72 1.00 0.07 0.72 1.00 0.07
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6 0.73 1.00 0.02 0.73 1.00 0.02 0.71 100 0.01 0.71 1.00 0.01
7 0.73 1.00 0.01 0.73 1.00 0.01 0.71 100 0.01 0.71 1.00 0.01
8 0.71 100 0.00 071 100 O

Note: ACC = Accuracy; NPV = Negative Predictive Value; PPV = Positive Predictive Value; Sens = Sensitivity; Spe = Specificity; Y1 =
Youden’s Index.
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Table 4 — Impact of Different Rules for Combining Irritable Mood and Temper Outbursts Clinical Indicators and Impairment Requirements

on Prevalence Rates of DMDD Solutions in Adolescents and Young Adults in a Weighted Analysis.

Adolescents

Young Adults

Number of symptoms 1setting 2 settings 3 settings 4 settings 1setting 2 settings 3 settings 4 settings

Best-match ROC Analysis

Irritable mood only 1.1 0.9 0 0 3.2 1.1 0.6 0.2
Ourbursts only 4.8 0.2 0.1 0 1.1 0.3 0.3 0.2
AND rule 3.0 1.8 0.9 0.2 4.5 2.6 1.3 0.4
OR rule 7.4 3.3 0.9 0.2 8.9 3.9 2.2 0.7
1 symptom for each domain

Irritable mood only 4.5 1.1 0 0 1.1 0.6 0.2
Ourbursts only 1.1 0.4 - - 1.1 0.3 0.3 0.2
AND rule 5.2 2.0 0.9 0.2 4.5 2.6 1.3 0.4
OR rule 10.8 3.5 0.9 0.2 8.9 3.9 2.2 0.7
2 symptoms for each domain

Irritable mood only 3.9 0.9 0.1 0.1 2.3 0.7 0.3 0.2
Ourbursts only 0.9 0 0 - 1.1 0.3 0.3 0.2
AND rule 35 2.0 0.9 0.1 3.6 2.4 1.3 0.4
OR rule 8.3 2.9 0.9 0.2 7.1 3.5 1.8 0.7
3 symptoms for each domain

Irritable mood only 1.5 1.1 0.1 0.1 1.7 0.7 0.5 0.2
Ourbursts only 0.9 0.2 0.1 0 11 0.6 0.4 0.3
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AND rule 2.6 1.6 0.8 0.1 2.7 1.9 0.9 0.3
OR rule 4.9 2.9 0.9 0.2 5.5 3.3 1.8 0.7
4 symptoms for each domain

Irritable mood only 0.9 0.9 0.1 0 1.9 1.0 0.6 0.3
Ourbursts only 1.0 0.1 0.1 - 0.9 0.6 0.4 0.3
AND rule 1.3 1.0 0.7 1.8 1.3 11 0.7 0.1
OR rule 3.1 1.9 0.8 0.1 4 2.7 1.6 0.7
5 symptoms for each domain

Irritable mood only 0.3 0.2 0.1 - 1.6 0.9 0.6 0.3
Ourbursts only 0.7 0.3 0.3 - 0.2 0.2 0.2 -
AND rule 0.6 0.5 0.3 0.1 0.4 0.4 0.2 1.6
OR rule 1.6 0.9 0.7 0.1 2.1 1.4 1 0.4

Note: Bold marks the optimal solution found in ROC analysis.
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Figure 1 — Symptomatic and Syndromic Thresholds and Clinical Operationalizations
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Figure 2 - Symptomatic Threshold for Each Irritable Mood and Outbursts Item in the Multiple Group Confirmatory Factor Analysis

Note: A) Irritable Mood. B) Temper Outbursts.
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A B
Developmental follow-back analysis EMA-COVID19 - Irritable Mood Mean EMA-COVID19 - Irritable Mood SD
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Figure 3 — The validity of the best-matching operationalized diagnosis. A) A developmental follow-back trajectory of irritability symptoms

measured by the parent-reported Child Behavior Checklist and Adult Behavior Checklist ABCL irritability items. B) A prospective Experience
Momentary Assessment (EMA) collected in a subsample of participants during the COVID-19 pandemic.
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Supplement 1
Fit Indexes for Confirmatory Factor Analysis

For all CFA multiple-group unidimensional models, we used delta
parameterization and weighted least-square parameters using a diagonal weight matrix
with standard errors and with mean and variance-adjusted chi-square test statistics
(WLSMV) estimators. The measures of goodness of fit were assessed through the
following fit indices: chi-square, SRMR (standardized root mean square residual), CFI
(comparative fit index), TLI (Tucker-Lewis Index) and RMSEA, (root mean square error
of approximation). To demonstrate good fit to the data, an estimated model should have
a SRMR near or below 0.08, a RMSEA of near or below 0.06 and CFI and TLI near or
above 0.95 (Hu & Bentler, 1999). Details about the estimators and the model fit used in
this study can be found in Tables S2 and S3, availables online, which provides the fit
indexes of the unidimensional models for irritability, outbursts and impairment items in

adolescents and young adults for both self and parent report samples.
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Table S1 - Irritable mood, outburst and impairment items and their response categories as described in

DMDD section of the DAWBA questionnaire

DAWBA Questionnaire Items

Irritable Mood Section

Response categories

Frequency of irritable/angry mood Occasionall

Never 1-2/week Every day
(syl) y > 3/week
Easily irritated (sy8) No A little A lot
Intense irritability (sy9) No A little A lot

No more
than a
few Less than A few Most or all
Long duration of irritability (sy10) minutes an hour hours of the day
A medium
Irritability evident to others (syl11) Not at all A little amount A great deal
At home (syl2a) No A little A lot
In the classroom (sy12b) No A little A lot
With peers (sy12c) No A little A lot
Angry weeks (irritable most of the
day, nearly every day) 2 (sy13) No Yes
Outbursts Section
Occasionall

Never 1-2/week Every day
Frequency of outbursts (sy2) y > 3/week
Slamming doors (sy3a) No A little A lot
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Shouting (sy3b) No A little A lot

Swearing (sy3c) No A little A lot

Saying mean things to others (sy3d) No A little A lot

Saying negative things about himself

(sy3€) No A little A lot

Physical aggression to others (sy3f) No A little A lot

Deliberate self-harm (sy3g) No A little A lot

Breaking things (sy3h) No A little A lot

At home (sy4a) No A little A lot

In the classroom (sy4b) No A little A lot

With peers (sy4c) No A little A lot

Recognizable triggers (sy5) No Perhaps Definitely

Easily triggered (sy6) No A little A lot

Outburst-free gap in the last year ® Lessthan Lessthana Lessthana More than 3

(sy7) a day week month 1-3 months ~ months

Impairment Section
A medium

Impact on family life (sy19a) Not at all A little amount A great deal
A medium

Impact on friendship (sy19b) Not at all A little amount A great deal
A medium

Impact on learning (sy19c) Not at all A little amount A great deal
A medium

Impact on leisure (sy19d) Not at all A little amount A great deal
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Note: ? The item “angry weeks” was not included because the item “long duration of irritability” already
contains the response option that captures “irritable most of the day, nearly every day”; ° Item excluded
of the analysis. The rationale for excluding this item is that it is unclear whether we would expect this
item to be monotonically related to the overall latent construct given short periods of irritability with
large gaps could also inform episodes of irritability (a marker of severity and bipolar disorder in

children).
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Table S2 - Fit indexes of the unidimensional irritable mood, outbursts and impairment

Multiple Group Confirmatory Factor Analysis Models for Adolescents and Young

Adults.
Fit indexes Irritable Mood ? Outbursts Impairment
FP 54 88 32

207.202 (df=150; 1.154 (df=4;
12 68.046 (df=38; p=0.002)

p=0.001) p=0.886)

RMSEA 0.043 0.041 0.000
Cl 90% 0.026- 0.060 0.026-0.054 0.000-0.033
CFI 0.989 0.981 1.000
TLI 0.984 0.977 1.004
SRMR 0.055 0.083 0.011

Note: 2 Items p1ly12b-ply12c allowed to correlated due to similar item content/context; °
Items ply4b-ply4c and ply3b-ply3c allowed to correlated due to correlated due to
similar item content/context; CFl = Comparative Fit Index; Cl = Confidence Interval; df
= degrees of freedom; FP = Free Parameters; RMSEA = Root Mean Square Error of
Approximation; SRMR = Standardized Root Mean Square Residual; TLI = Tucker-Lewis
Index; y* = Robust Chi Square Difference Test. Number of observations per group:
Irritable Mood - Adolescents 366, Young Adults 420; Outbursts - Adolescents 203,

Young Adults 224; Impairment - Adolescents 230, Young Adults 250.
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Table S3 — Factor Loadings and Category Threshold parameters for items in the Irritable Mood section for Adolescents, using self-report

assessment.

Factor Location Location
Items (item code in DAWBA) T1 T2 T3 T4

Loadings (mean) rank

Frequency/duration
Frequency of irritable/angry mood Occasionally 1-2/week > 3/week Every day

0.652 0.366 1.293 7

Most/all of the

Long duration of irritability <lhr Few hours day

0.482 -0.428 0.350 1.260 4
Characteristics A little A lot
Easily irritated 0.880 -0.389 0.909 5
Intense irritability 0.812 0.222 1.327 6
Settings A little A lot
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At home 0.431 -1.037 0.619

In the classroom 0.261 -0.230 1.088
With peers 0.410 0.098 1.504
A medium
Irritability evident to others A little amount A great deal
0.360 -1.088 0.428 1.327

Note: T1= First threshold; T2 = Second threshold; T3 = Third threshold; T4 = Fourth threshold.
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Table S4 — Factor Loadings and Category Threshold parameters for items in the Irritable Mood section for Young Adults, using self-report

assessment.

Factor Location Location
Items (item code in DAWBA) T1 T2 T3 T4

Loadings (mean) rank

Frequency/duration
Frequency of irritable/angry mood Occasionally 1-2/week > 3/week Every day

0.590 0.196 1.169 5

Most/all of the

Long duration of irritability <lhr Few hours day

0.398 -0.629 0.196 1.130 6
Characteristics A little A lot
Easily irritated 0.853 -0.420 0.901 3
Intense irritability 0.861 0.232 1.169 4
Settings A little A lot
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At home 0.552 -1.179 0.568

In the classroom 0.183 0.660 1.820
With peers 0.362 0.099 1.723
A medium
Irritability evident to others A little amount A great deal
0.488 -1.179 0.381 1.276

Note: T1= First threshold; T2 = Second threshold; T3 = Third threshold; T4 = Fourth threshold.
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Table S5 - Factor Loadings and Category Threshold parameters for items in the Temper Outbursts section for Adolescents, using self-

report assessment.

Factor Location  Location

Items (item code in DAWBA) T1 T2 T3 T4
Loadings (mean) rank

Frequency/duration
Frequency of outbursts Occasionally 1-2/week >3/week  Every day

0.475 0.312 1.465 11
Characteristics A little A lot
Slamming doors 0.494 -0.090 0.882 7
Shouting 0.605 -0.612 0.380 4
Swearing 0.538 -0.536 0.421 3
Saying mean things to others 0.653 -0.259 0.643 5
Saying negative things about himself 0.674 -0.154 0.691 6
Physical aggression to others 0.487 0.792 1.741 14
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Deliberate self-harm 0.710 0.757 1.361 12
Breaking things 0.519 0.774 1.588 13
Settings A little A lot
At home 0.581 -1.215 0.464 1
In the classroom 0.299 0.193 1.394 9
With peers 0.209 0.026 1.429 10
Triggers
Recognizable triggers Perhaps Definitely

0.042 -0.845 0.272 2
Easily triggered A little A lot

0.731 -0.167 1.299 8

Note: T1 = First threshold; T2= Second threshold; T3= Third threshold; T4 = Fourth threshold.
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Table S6 - Factor Loadings and Category Threshold parameters for items in the Temper Outbursts section for Young Adults, using self-

report assessment.

Factor Location  Location

Items (item code in DAWBA) T1 T2 T3 T4
Loadings (mean) rank

Frequency/duration
Frequency of outbursts Occasionally 1-2/week >3/week  Every day

0.581 0.146 1.322 9
Characteristics A little A lot
Slamming doors 0.545 -0.347 0.922 7
Shouting 0.644 -0.782 0.136 4
Swearing 0.756 -1.048 0.156 2
Saying mean things to others 0.703 -0.420 0.399 5
Saying negative things about himself 0.511 -0.205 0.518 6
Physical aggression to others 0.636 0.681 1.422 12
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Deliberate self-harm 0.534 0.705 1.422 13
Breaking things 0.611 0.431 1.194 11
Settings A little A lot
At home 0.675 -1.654 0.088 1
In the classroom 0.193 1.031 2.067 14
With peers 0.277 0.127 1.813 10
Triggers
Recognizable triggers Perhaps Definitely

0.204 -0.809 0.205 3
Easily triggered A little A lot

0.642 -0.378 0.952 8

Note: T1 = First threshold; T2= Second threshold; T3= Third threshold; T4 = Fourth threshold.
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Table S7 - Factor Loadings and Category Threshold parameters for items in the Impairment section for

Adolescents, using self-report assessment.

Factor Location  Location
ltems T1 T2 T3
Loadings (mean) rank

A medium  Agreat

A little
amount deal
Impact on family life 0.763 -0.155 1.158 2.415 2
Impact on friendship 0.805 0.283 1.469 2.791 1
Impact on learning 0.778 0.360 1.268 2.151 3
Impact on leisure 0.721 0.438 1.552 2.415 4

Note: T1 = First threshold; T2 = Second threshold; T3 = Third threshold.
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Table S8- Factor Loadings and Category Threshold parameters for items in the Impairment section for

Young Adults, using self-report assessment.

Factor Location  Location
ltems T1 T2 T3
Loadings (mean) rank

A medium  Agreat

A little
amount deal
Impact on family life 0.745 -0.422 0.896 1.623 1
Impact on friendship 0.853 0.172 1.511 2.124 2
Impact on learning 0.606 0.287 1.390 2.124 3
Impact on leisure 0.668 0.392 1.738 2.352 4

Note: T1 = First threshold; T2 = Second threshold; T3 = Third threshold.
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Table S9 — Latent Class Model Fit Indexes and Entropy for each of the four latent class solutions for Irritable
Mood, Outbursts and Impairment items for Adolescents and Young Adults Groups

Adolescents

Irritable Mood

Model log-likelihood  resid. Df BIC aBIC cAIC likelihood-ratio  Entropy
Model 1 -1045.5966 247 2136.127 2110.761 2144.127 314.0420 -
Model 2 981.0416 238 2057.568 2003.665 2074.568 184.9319 0.744
Model 3 -963.4490 229 2072.934  1990.493 2098.934 149.7467 0.777
Model 4 -952.3391 220 2101.265 1990.287 2136.265 127.5270 0.919

Outbursts

Model log-likelihood  resid. Df BIC aBIC cAIC likelihood-ratio  Entropy
Model 1 -970.7184 265 1997.604 1965.896 2007.604 546.6402 -
Model 2 -836.9545 254 1791.861 1725.274 1812.861 279.1125 0.787
Model 3 -825.5969 243 1830.931 1729.465 1862.931 256.3974 0.754
Model 4 -813.5432 232 1868.608 1732.263 1911.608 232.2899 0.728

Impairment

Model log-likelihood  resid. Df BIC aBIC cAIC likelihood-ratio  Entropy
Model 1 -395.4972 11 813.4615 800.7783 817.4615 90.954105 -
Model 2 -352.7521 6 756.0552  727.5179  765.0552 5.463912 0.637
Model 3 -350.8904 1 780.4156  736.0243  794.4156 1.740428 0.605
Model 4 -350.3643 -4 807.4472  747.2018 826.4472 0.688160 0.626

Young Adults
Irritable Mood

Model log-likelihood  resid. Df BIC aBIC cAIC likelihood-ratio  Entropy

Model 1 -1350.190 247 2746.964 2721.587 2754.964 396.4972 -
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Model 2 -1262.580 238 2624.152  2570.225 2641.152 221.2773 0.759
Model 3 -1245.138 229 2641.676  2559.200 2667.676 186.3938 0.855
Model 4 -1231.755 220 2667.316  2556.291 2702.316 159.6269 0.905
Outbursts
Model log-likelihood  resid. Df BIC aBIC cAIC likelihood-ratio  Entropy
Model 1 -1123.1412 329 2298.690 2270.140 2307.690 490.5987 -
Model 2 -992.4368 319 2095.511 2035.241 2114511 229.1899 0.757
Model 3 -083.0418 309 2134.952 2042.959 2163.952 210.3999 0.74
Model 4 -973.6904 299 2174.480 2050.766  2213.480 191.6971 0.822
Impairment
Model log-likelihood  resid. Df BIC aBIC cAIC likelihood-ratio  Entropy
Model 1 -481.8328 11 986.9577 974.2691  990.9577 1.286718e+02 -
Model 2 -420.5609 6 893.5292 864.9798 902.5292 6.128096e+00 0.724
Model 3 -417.5733 1 916.6692 872.2591  930.6692 1.529144e-01 0.549
Model 4 -417.4968 -4 945.6316 885.3606 964.6316 1.198600e-08 -0.223

Note: aBIC = adjusted Bayesian Information Criteria; BIC = Bayesian Information Criterion; cAIC =

Consistent Akaike Information Criterion; df = degrees of freedom.
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Table S10 - Linear regression comparing DMDD groups in SDQ total and impact scores

Adolescents

Young Adults

Contrast with Other DSM-5

Contrast with Other DSM-5

Contrast with TDC Disorders Contrast with TDC Disorders

MD SE p-value MD SE p-value MD SE p-value MD SE p-value
SDQ: Total SDQ: Total
Other disorders 6.13 0.50 <0.001 Other disorders 5.76 0.43 <0.001
Irritable mood only 9.68 1.54 <0.001 3.55 1.57 <0.05 Irritable mood only 6.13 0.93 <0.001 0.36 0.92 0.70
Outbursts only 8.21 1.15 <0.01 2.08 1.20 0.08 Outbursts only 7.00 1.77 <0.001 1.24 1.70 0.47
Combined 12.35 1.08 <0.001 6.22 1.13 <0.001  Combined 10.24 0.76 <0.001 4.47 0.78 <0.001
SDQ: Impact SDQ: Impact
Other disorders 1.65 0.11 <0.001 Other disorders 1.54 0.08 <0.001
Irritable mood only 2.18 0.20 <0.001 0.53 0.20 <0.01 Irritable mood only 1.62 0.14 <0.001 0.08 0.13 0.54
Outbursts only 1.58 0.20 <0.001 -0.07 0.20 0.71 Outbursts only 1.82 0.22 <0.001 0.27 0.22 0.22
Combined 2.38 0.14 <0.001 0.73 0.14 <0.001  Combined 2.20 0.10 <0.001 0.65 0.09 <0.001

Note: MD = Mean Difference; SDQ = Strengths and Difficulties Questionnaire; TDC = Typically Developing Comparisons.
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Figure S1 — Comparison of Strengths and Difficulties Questionnaire Scores between Disruptive Mood Dysregulation Disorder, defined using the OR rule, and subjects matched for psychiatric comorbidity
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Figure S2 — Comparison of Strengths and Difficulties Questionnaire Scores between
Disruptive Mood Dysregulation Disorder, defined using the AND rule, and subjects
matched for psychiatric comorbidity
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Final considerations

Irritability is a clinically relevant phenomenon, transdiagnostic in nature and
dimensionally distributed in the population #4. It is associated with other dimensions
of psychopathology, but dissociable from them. Furthermore, it seems to follow its
own developmental course with considerable stability across time. Additionally,
irritability predicts future psychopathology and impairment independently of the
presence of other disorders. The boundaries between irritability and internalizing and
externalizing syndromes are poorly defined, the thresholds are not empirically driven
and there is a lack of an integrative perspective on development linking irritability in
childhood with irritability in adulthood. This thesis aimed to add new understandings
to the normal/abnormal spectrum of this clinical phenomenology and expanded the
study of DMDD diagnosis to the adulthood field.

Our study presented two articles that have in common the intention of
improving and expanding the diagnosis of DMDD. The studies are aligned to the
vision that Kendler proposes for the advancement of research in this area, through
successively disassembling and reassembling the empirical evidence 144’ He
advocates that psychiatry must move beyond a prescientific "battle of paradigms™ to
embrace complexity and support empirically rigorous and pluralistic explanatory
models. Studies that investigate this gap between innovative and classic approaches
are essential. They intend to provide clinical sense to the investigated mental
processes and direct research toward the mechanisms, prioritizing those most likely to
inform the psychopathology of diseases.

Our contributions can be summarized as follows: One study provided
important information to guide a data-driven and clinically oriented

operationalized revision of the diagnostic criteria for DMDD in preadolescents
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(Article #1). The other study advanced the empirically driven clinical threshold for
DMDD to adolescents and young adults. Currently, there is no diagnostic criteria
category for adults with chronic and severe irritability (Article #2).

Article #1 is of particular interest because it gives us a clear clinical guidance
on how to identify a group of individuals at the preadolescent developmental stage on
the irritability continuum. The article was built upon a large representative population
sample and it implemented assessment methods that could mimic clinical evaluation
in the real world, as far as possible in an epidemiological investigation. First, we
utilized Confirmatory Factor Analysis and fixed up a list of behaviors and a threshold
for each that indicated when each behavior was considered a problem. Second, Latent
Class Analysis and Receiver Operating Curves Analysis suggested a syndromic
threshold for the combination of such behaviors. Third, our data supported an OR rule
when combining irritable mood and outbursts, rather than the AND rule currently
found in the manual. Finally, our results sustained the requirement of at least two
settings for the diagnosis, just as seen in DSM-5.

Although most psychiatric conditions present symptoms of irritability and
research on irritability in childhood is increasing, the field in adults is still incipient.
Article #2 studied participants that are part of the Brazilian High-Risk Cohort Study
for Mental Conditions (BHRCS, 3" wave) to provide data-driven thresholds for
DMDD in adolescents and young adults and explore adaptations of DMDD diagnosis
to adulthood. First, measurement invariance analysis showed that thresholds for
measuring irritability symptoms changed from adolescence to adulthood. Second, we
used a previously validated pipeline to assess the most appropriate symptomatic and
syndromic thresholds for the diagnosis and the best way to perform clinical

operationalization using AND/OR rules for combining irritable mood and
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outbursts. Finally, we presented the prevalence rates for the combination of distinct
DMDD diagnostic rules and presented a “developmental follow-back analysis” and an
“experience momentary assessment”.

In their everyday practices, clinicians will remain using the fuzzy constructs
narratively depicted in DSM-5 and ICD-11. Nevertheless, the feeling is that we are
advancing and refining this field. Regardless of diagnosis, both works are densely
informative-fer, describing at which level reports of irritable mood, outbursts, and
their influence on domains of life are clinically significant. We were able to
demonstrate that an objective-based classification may be operationalized in a
clinically useful way. The thesis concludes that the adequacy of psychiatric diagnostic
systems must be empirically tested, so that its limitations and/or potentialities can be
properly addressed. Future practice will involve the consideration of multiple
dimensions of symptoms, biology, and experience to triangulate an individual’s
clinical status and to determine a personalized treatment and prognosis.

We conclude this thesis acknowledging both, our small but significant
contributions to the research in the field of DMDD diagnostic criteria, and the several
open questions that are left to be answered. Although we have advanced in the field,
the following challenges still remain: 1) investigate course, family history, treatment
response, and other external validators needed to demonstrate the validity of the
operationalized syndrome; 2) disentangle the role of heterotypic continuity on the
emergence of irritability after childhood; 3) validate and explore the existence of the
DMDD diagnosis in independent samples with further scrutiny than our study has
provided until the present moment. The consideration of neurobiological features, for
instance, with genetic and neuroimaging approaches, may further clarify the nature of

this syndrome. In this sense, more research is needed to have a more comprehensive
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understanding of the scope of the phenomenon and how our society should deal with

it.
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Abstract

Background: Specific and social fears are common in children and adolescents. Whereas in
the majority of children they are transient and non-problematic, in some they are intense and
frequent, causing significant distress. The aim of this study is to investigate from a list of
eighteen fears, which of them are likely to represent a normative fear and which are likely to
represent a clinically significant problem.

Methods: We investigated children and adolescents aged 6-14 participating in the ‘High Risk
Cohort Study for Psychiatric Disorders’ (n=2,512). Parent reports of eighteen fears (12 specific
and 6 social) were investigated with the Specific Phobia and Social Phobia sections of the
Development and Well-Being Behavior Assessment (DAWBA) questionnaire, which rates the
presence of each fear across three levels: ‘no’, ‘a little’ and ‘a lot’ and provide diagnostic
assessment. We used two analytical approaches: Confirmatory Factor Analysis (CFA)/Item
Response Theory (IRT) and Non-parametric Receive Operator Curve (ROC).

Results: Both CFA/IRT and ROC analysis converge to demonstrate that generally social fears
are more likely to indicate problems and psychiatric diagnosis than specific fears. Among
specific fears, most of them were found to be normative when presented as little, with the
exception of situational fears and fear of ‘people who look unusual’. All specific fears indicate
problems when presented as ‘a lot’. In addition, the situational ‘fear of toilets’ and ‘people who
look unusual’ were found to be highly indicative of specific phobia diagnosis. Among social
fears, fears ‘non-restricted to performance’ and fear of writing in front of others indicate
problems when presented as ‘a little’. All social fears are likely to indicate problems and to be
highly indicative of social phobia diagnosis when presented as ‘a lot'.

Conclusion: Our findings might help clinicians and researchers to determine the boundaries
that separate normative fears from problem indicators in children and early adolescents and
indicate a marked differential severity threshold for specific and social fears.

Keywords: Developmental psychopathology; child/adolescent; phobia/phobic disorders;

anxiety/anxiety disorders; specific/social fears.
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Introduction

Fear can be defined broadly as a negative emotional state, which is triggered by the
presence of a stimulus that has the potential to cause harm. It is an adaptive and essential
emotion for survival. However, when intensity, duration, and/or frequency are not proportional
to the eliciting threat, and thereby cause interference or excessive distress, such fears may
indicate the presence of a mental disorder requiring treatment (The Diagnostic and statistical
manual of mental disorders 2013). Children can fear a variety of things and situations, but more
data are needed to identify fears most likely to indicate the presence of a significant clinical

problem and the presence of specific and social phobia diagnosis.

Normative fears are observed in most children and adolescents and are typically
transient. The prevalence of specific and social fears, considering both its mild and severe
forms, reaches almost all children and adolescents (Benjet et al. 2012a; Ollendick e King 1994).
In contrast, specific phobia and social phobia are characterized by one or more persistent fears,
that causes distress and impairment to the child’s life (Salum et al. 2013a; American Psychiatric
Association 2000). The prevalence of specific and social phobia in children and adolescents
was found to be 2.9% and 0.3% respectively (Salum et al. 2014). Therefore, whereas the
presence of fears is typically normative, only a minority of children is significantly impaired by
fears requiring clinical attention.

Previous studies investigated whereas a specific fear may indicate a disorder
according to the number of feared objects/situations. These studies found that the number of
fears was positively associated with a higher probability of meeting a diagnosis of specific
phobia (Benjet et al. 2012b), meeting diagnosis of another anxiety disorder or having another
psychiatric comorbidity (Burstein et al. 2012a; Benjet et al. 2012c). With respect to social fears,
studies also investigated the role of the number of feared social situations. They found that the
number of social fears is significantly associated with higher comorbidity rates, functional
impairment and prevalence of lifetime treatment (Ruscio et al. 2008a). In addition, adolescents
with generalized social phobia (i.e., those who fear most of the social situations) had earlier
age of onset (Wittchen, Stein, e Kessler 1999a) and experienced a higher degree of clinical
severity as compared to adolescents with non-generalized social phobia (Burstein et al. 2011a).

Therefore, so far the literature has been limited to investigate how the number of fear
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situations and objects might inform about clinically relevant situations, but few studies have
investigated the type of fear as an indicator of clinical severity. Among existing methods to
discriminate the severity of different types of symptoms, two received particularly little attention
in the fear literature: Confirmatory Factor Analysis (CFA) / Item Response Theory (IRT) and
Signal Detection Theory (SDT). CFA with binary outcomes and two parameter normal ogive
IRT are equivalent to each other (Timothy A. Brown PsyD 2006, 396) . They assume that items
(i.e. symptoms) are endorsed by subjects (i.e. reported) as a function of their severity on a
specific latent trait (i.e. how much fear they have). These techniques allows scaling items and
people on the same underlying dimensional continuum (Reise e Waller 2009). Therefore,
individual items are assigned to a severity score, and an individual score on the dimension can
be used as an estimate of his/her overall severity of fears (Wakschlag et al. 2012a). In contrast,
SDT aims to quantify the ability to discriminate between stimulus and random patterns that
distract the true information (T. H. Wilmshurst 1990). SDT has wide applications in biomedical
sciences including the use of ROC (Margolis et al. 2002). The ROC represents the relationship
between sensitivity and specificity by plotting the true positive rate (such as phobia diagnosis)
against the false positive rate at various threshold settings to detect a significant medical
problem or diagnosis (Kessler et al. 2013a).

Previous literature is limited in a number of important ways. First, no previous study
used modern psychometric analysis (CFA/IRT) and signal detection theory (diagnostic
prediction) to inform about the thresholds of normative fear. Second, most of the current
literature focuses on adolescent and adult populations (Blanco et al. 2011; Burstein et al.
2012b; Burstein et al. 2011b; Iza et al. 2014; Polo et al. 2011; Ruscio et al. 2008b; Wittchen,
Stein, e Kessler 1999b; Kessler et al. 2013b), but there are few studies including children and
early adolescents (Muris et al. 2000). Finally, the majority of studies are limited to small samples
sizes or selected by a clinical condition, which limits the ability to use IRT and signal detection
theory, respectively.

Here we address these issues by investigating 6-14 years of age children using
CFA/IRT for problem prediction and ROC analysis for diagnostic prediction in a large

community non-referred sample. These techniques were applied to investigate from a list of
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eighteen fears, which are more likely to represent a normative fear and which ones are more

likely to represent a clinically significant problem.

Methods

Sample description

The sample was obtained from a large community school-based study - the ‘High Risk
Study for Psychiatric Disorders’ (Salum et al. 2014). Further details can be found elsewhere
(Salum et al. 2014). Briefly, after a screening phase, 2,512 subjects were selected for further
assessment by a simple randomization procedure that select a high risk sample (n=1,554)
using a risk priorization procedure that consisted of selecting individuals with high family loading
of symptoms and ongoing psychiatric symptoms and a random-selection subgroup (n=958).
The study was previously approved by the Ethics Committee of the University of Sdo Paulo

and written informed consent was obtained from parents of all participants.

Instruments
Specific and Social Fears Assessment

Specific and Social Fears were investigated using 18 questions posed to a parental
informant from the Specific Phobia and Social Phobia sections of the Development and Well-
Being Assessment (DAWBA) (Goodman et al. 2000) instrument. The specific phobia session

consists of 12 questions about specific fears: “Animals”, “Storms, Thunder, Heights”, “Dark”,

" "« "

“Loud noises”, “Blood, injection, injury”, “Dentists, Doctors”, “Vomiting, Choking, Diseases”,

” o« "W ” o« ” o«

“Types of transport”, “Enclosed spaces”, “Toilets”, “People who look unusual”, “Monsters” and

“Other things”. The social phobia section comprised 6 questions about social fears: “Meeting

new people”,

Meeting a lot of people”, “Eating in front of others”, “Speaking in class”, “Reading
aloud in front of others” and “Writing in front of others”. For both sections, all questions have
three response categories: “No”, “A little”, “A lot”. In social phobia session, we removed the

skipping rule of first question (“Does child particularly fear or avoid social situation?”), in order

to have the six social fears for all participants.
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Diagnostic Assessment

Psychiatric diagnosis was also investigated using the Brazilian Portuguese
version of the DAWBA (Fleitlich-Bilyk e Goodman 2004) answered by the child’s main
caregiver. The DAWBA was performed by lay interviewers and had structured answers and
recorded verbatim responses of any reported problem. Psychiatrists confirmed, refuted or
altered initially computerized diagnosis after evaluating carefully the structured answers and
the verbatim responses. All questions are based on the DSM-1V diagnostic criteria that for social
and specific phobia diagnosis include: (b) ‘phobic stimulus almost invariably provokes an
immediate anxiety response’; (c) ‘fear is excessive or unreasonable’; (d) ‘phobic situation is
avoided or endured with intense anxiety or distress’; (e) ‘avoidance, anxious anticipation or
distress in the feared situation interferes with the person’s life’; (f) ‘in individuals under age 18
years, the duration is at least 6 months’; (g) fear are not better accounted for by another mental
disorder’ (Diagnostic and Statistical Manual of Mental Disorder DSM-IV, [s.d.]).
The DAWBA is reliable, well suited for epidemiological research and has been translated into
22 languages. The Brazilian Portuguese version shows appropriate psychometric proprieties
and high inter-rater reliability (Salum et al. 2014) and the reliability for emotional disorders
diagnosis was good (kappa = 0.84) (Salum et al. 2014). Based on the information obtained
during the interviews, diagnoses were assigned by one of nine trained psychiatrists using a
computerized platform. These psychiatrists were trained by attending several meetings led by

a senior child psychiatrist with significant experience rating the DAWBA.

Statistical Analysis
Confirmatory Factor Analysis and Item Response Theory

The eighteen fear items were included in a CFA testing unidimensional (all itens
loading into a single factor), correlated (6 social items loading into a social latent factor; 12
specific items loading into a specific latent factor) and bifactor models (all items loading into a
‘general factor’ and the residuals not explained by the general factor loading into a two group
factors — ‘specific’ and ‘social’). CFA models were used to estimate factor loadings (A) and

item category thresholds (7). In addition we also performed unidimensional IRT analysis using

145



Graded Response Model (Samejima F 1970, 35:139-139) to estimate GRM item parameters
reflecting the item discrimination or slope (a) and item difficulty (b) for each item.

Item discrimination parameters from IRT are analogous to factor loadings from CFA
and indicate how well the item discriminates different severity levels or represent the strength
of the relationship between latent trait and item responses. Item difficulty parameters from
IRT are analogous to category thresholds from CFA, in the way they are used to indicate the
expected value of the latent factor at which there is a 50% probability of endorsing a given
category of higher. The category thresholds roughly indicate the severity level at which the
transition from one response category to the next is likely to happen (e.g., from ‘No’ to ‘A little’
or higher and from ‘A little’ to ‘A Iot’). Higher thresholds indicate that, to be severe, a given
item must be endorsed at a given response category or higher. The mean threshold for each
item was computed as the item location on the severity continuum that included all items. In
this sample values of the latent trait at or above the 95" of the sample distribution were
chosen to define a ‘problem indicator’ as suggested by Wakschlag et al (Wakschlag et al.
2012b), which represents a b of 1.53 in IRT metric and a category thresholds of 0.78 in CFA
metric for the bifactor model (general factor). A problem indicator was defined as those items
meeting problem indicator criteria in both CFA and IRT analysis.

For all CFA models we used delta parameterization and weighted least-square
parameters using a diagonal weight matrix with standard errors and with mean and variance-
adjusted chi-square test statistics (WLSMV) estimators. Goodness of fit was assessed using
four indices: Chi Square Test of model fit, Tucker Lewis Index (TLI), Comparative Fit Index
(CFI), and Root Mean Square Error of Approximation (RMSEA). TLI and CFl values > 0.95
and RMSEA values < 0.06 represent good-to-excellent model fit (Jackson, Gillaspy, e Purc-
Stephenson 2009). The comparison between these three nested models was tested using
Chi-Square for Difference using DIFFTEST option from MPLUS 7.3 software (Muthén, B.O.
1998). To test the invariance of the best model parameters with respect to age and gender
we conducted a multi-group CFA. The models were tested in a hierarchical form, i.e., a model
was compared to a less restrictive previous model in order to test configural and scalar
invariance. To assume measurement invariance, differences between the CFI of configural

and scalar models should not be greater than 0.01 (ACFI<0.01). IRT model was performed
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using the marginal maximum likelihood estimator implemented in ‘Itm’ package (Rizopoulos,

D 2006).

Signal Detection Theory

To analyze associations between each specific and social fear with specific phobia and
social phobia diagnosis we used non-parametric ROC available in Stata Software version 12.0.
The ROC was used to estimate the area under the curve (AUC), sensitivity, specificity, positive
and negative likelihood ratio. The AUC is the probability of correctly identifying cases of specific
and social phobia from each fear of DAWBA questionnaire. The AUC is a function of sensitivity
(SN; the percentage of true cases correctly classified) and specificity (SP; the percentage of
true non-cases correctly classified), which are considered the fundamental parameters of
agreement. AUC scores between 0.5 and 1.0 are considered as slight (AUC=0.5-0.6), fair
(AUC=0.6-0.7), moderate (AUC=0.7-0.8), substantial (AUC=0.8-0.9) and almost perfect (AUC
20.9) (Landis and Koch, 1977). We also report measures of operating characteristics: LR
positive [(LR+); SN/(1-SP)] and LR negative [LR-;(1-SN)/SP]. LR+ assesses the relative
proportions of screened positives versus confirmed as cases (LR+) or non-cases (LR-). LR+
values 2 5 and LR values < 0.2 are generally considered useful, whereas LR+ values = 10 and
LR values < 0.1 are considered sufficient to rule in/out diagnoses (Kessler et al. 2013b; R. Brian

Haynes et al. 2005).

Results

Our data suggests that fears are essentially normative and extremely prevalent in
children and adolescents. Among the randomly selected subjects 86.5% (n= 829) presented at
least one mild specific fear and 32.1% (n=308) presented at least one mild social fear. Specific
fears were more common than social fears (the mean prevalence of specific fears answered
as ‘a little or higher’ was 26% and the mean prevalence of social fears answered as ‘a little or
higher’ was 11.7%) (Supplemental Table 1). Supplemental Table 2 shows the associations of

age and gender in specific and social fears.

Confirmatory Factor Analysis and ltem Response Theory
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The bifactor model with 1 general factor (‘fear’) and 2 specific factors ( ‘specific’ and
‘social’) presented the best fit to the data (Supplemental Table 3). In addition, measurement
invariance was demonstrated across age groups and gender (Supplemental Table 4). Factor
loadings and category thresholds for the best-fitting CFA model as well as discrimination and
severity parameters from the unidimensional IRT model are depicted in Table 1.

An inspection of both CFA thresholds and IRT discrimination parameters converge to
demonstrate that generally specific fears are more likely to be normative than social fears. For
example, the mean of the severity parameter for specific fears was 1.77 (0.89 — 2.83) if
compared to 2.57 (1.74 - 3.39) for social fears in IRT metric. The least severe specific fear
(‘blood, injection, injury’) has a location of 0.86 whereas the least severe social fear (‘reading
in front of others’) has a location of 1.74 (Table 1).

Among specific fears, animals, natural environments, blood, injection, injury and some
fears classified as others (‘monsters’ and ‘vomiting, choking and diseases’), were found to be
normative when classified as a little. Situational fears (‘types of transport’, ‘enclosed spaces’
and ‘toilets’) and fear of ‘people who look unusual’ do indicate problems even when presented
as a little. All specific fears indicate problems when presented as ‘a lot’.

Among social fears, those classified as performance only (‘speaking in class’ and
‘reading in front of others’) were found to be normative when presented as little. Fears non-
restricted to performance (‘meeting new people’, ‘meeting a lot of people’ and ‘eating in front of
others’) and fear of ‘writing in front of others’ do indicate problems even when presented as a
little. As in specific fears, all social fears indicate problems when presented as ‘a lot'.

As an example, figure 1 depicts item response function curves for one item
classified as normative (figure 1, panel A) and one item classified as a problem indicator
(figure 1, panel B). As showed in panel A, fear of blood, injection and injury’ starts to be
endorsed as a little for subjects laying at the mild end of the fear latent trait, whereas only
when classified as a lot is that it the item is more likely to be endorsed by those at the severe
end of the latent trait. In contrast, panel B shows that for fear of ‘meeting new people’ the
category ‘a little’ starts to be endorsed by subjects already lying at the severe end of the fear
spectrum whereas those endorsing the ‘a lot’ category are at the extreme end of the fear

latent trait.
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Table 1 around here

Figure 1 around here

Diagnostic prediction (Receiver Operator Curves)

ROC analysis was used to predict the diagnosis of specific and social phobia from
the corresponding fear items. Only fears characterized as ' a lot' were evaluated in this
analysis because at least one of them is required for specific and social phobia diagnosis.

Just two out of twelve common fears answered as ‘a lot’ obtained LR+ considered
useful for diagnosis (LR+ > 5), which were: ‘toilets’ and ‘people who look unusual’. For all
social fears, when classified as ‘a lot’, the LR+ was greater than 10 (17.7-47.8), indicating that
screened positives are much more likely than screened negatives to be confirmed as cases of
social phobia. It should be noted the low sensitivity, particularly among specific fears (5.6-
55.1), indicating a low proportion of truly positive individuals among those diagnosed with
specific phobia. The sensitivity increase for social fears, especially for ‘performance only’

fears (46.2-76.9) (Table 2).

Table 2 around here

Our analysis also showed that social fears tend to be more associated with phobias
than specific fears. The AUC is also nominally higher for social fears predicting social phobia
than for specific fears predicting specific phobia: AUC 0.775 (0.666-0.923) and AUC 0.609
(0.525-0.731), respectively (Table 2). Among the specific fears associated with greater severity,
‘fear of toilets’ and ‘fear of loud noises’ are positively associated with younger age and ‘fear of
vomiting, chocking, diseases’ is positively associated with female gender. Among the social
fears, fears classified as ‘performance only’ are associated with age and ‘fear of writing in front

of others’ is associated with gender. Table 3 depicts a summary of our study findings.

Table 3 around here
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Discussion

Our data is in accordance with the previous literature showing that fears are normative
among children. In order to have a more precise picture of the clinical significance of specific
and social fears, we investigated which of them are more likely to represent normative fears
and problem indicators and which of them are more likely to ruling in and out the diagnosis of
specific and social phobia. Our main findings can be summarized as follows. First, specific fears
are generally less severe than social fears. Second, most of specific fears are normative when
presented as ‘a little’, but ‘situational fears’ and ‘people who look unusual’ can indicate
problems. When classified as ‘a lot’, all the specific fears indicate problems. Despite this, in the
ROC analysis, only two fears were strong indicators of specific phobia diagnosis when
answered as ‘a lot’ (‘toilets’ and ‘people who look unusual’). Third, with respect to social fears,
when classified as ‘a little’, fears ‘non-restricted to performance’ and ‘writing in front of others’
indicate problems. When classified as ‘a lot’, all social fears indicate problems. Furthermore,
all social fears, when answered as ‘a lot’ were indicative of social phobia diagnosis in ROC
analysis.

The developmental psychopathology theorizes that clinical patterns can be seen as
deviations from normative patterns (Pine e Fox 2015). The fear system matures in the
beginning of infant development and as a consequence normative fears are commonly present
since very early in life (Blackford e Pine 2012; Salum et al. 2013b; Gullone 1999). Our data
showed that common fears occur in most children and adolescents and that clinical syndromes
can be associated with the increased severity of fears. It is noteworthy in our results the greatest
severity of social fears in comparison with specific fears. Comparing two studies of Burstein et
al (Burstein et al. 2012b; Burstein et al. 2011b) that evaluated the clinical correlates of specific
and social phobia in the same population of adolescents, people with social phobia had worse
rates on the Sheehan disability scale and days out of rule (Burstein et al. 2012b; Burstein et al.
2011b). Also there is evidence that social phobia is more co-morbid than specific phobia
(Wittchen, Stein, e Kessler 1999a).

With respect to specific fears, our results are in agreement with Burstein et al (Burstein
et al. 2012a) suggesting that the clinical relevance of specific phobia varies as a function of the

nature of fears. However the clinical significance found in Burstein (Burstein et al. 2012a) was

150



somewhat different from the one found in ours. Whereas both studies showed that ‘fear of
animals’ tend to be normative and ‘fear of enclosed spaces’ tend to indicate problems, our study
found that fear of ‘dark’ and ‘blood , injection, injury’ tend to be normative, whereas Burstein
(Burstein et al. 2012a) showed that such fears were associated with greater severity. Our study
is also in the same direction as others showing that situational phobia was associated with high
treatment-seeking behavior, use of medications, interference with daily and social life (LeBeau
et al. 2010), as well as higher level of co-morbidity with other mental disorders (Park et al.
2013a; Depla et al. 2008a) in comparison with other types of specific phobia. In addition, we
showed greater severity of ‘people who look unusual’, which are rarely studied in the previous
literature.

With respect to social fears, contrasting fears non-restricted to performance and the
performance only, co-morbidities were most common in subjects with fears non-restricted to
performance than subjects with fears restricted to performance (Wittchen, Stein, e Kessler
1999a). Furthermore Burstein et al (Burstein et al. 2011a) showed that anxiety about non-
performance situations demonstrates greater morbidity and clinical severity and have an earlier
onset and higher degree of disability and impairment if compared to performance fears, which
is in agreement with our findings. As the odds of social fear related to performance increases
with age (Supplemental Table 2), performance fears may only become clinically significant in
adulthood, when people can choose not to engage in public speaking activities, while in infancy
and adolescence they are encouraged to participate on these situations (Burstein et al. 2011a).

The limitations of this work must be noted. First, our analysis is restricted to parent
report fears. However, specific fears (as opposed to other forms of anxiety) have shown to be
equally reported by parent and child reports (DeSousa et al. 2014). Second, our analysis is
restricted to cross-sectional associations and important severity validators such as persistence
could not be analyzed. Finally, in order to answer the complete DAWBA Specific Fear and
Social Fears sections the subject must have at least one specific fear answered as ‘A lot’ (a
condition also required for diagnosis) and, therefore, we were unable to use ROC analysis for
fears classified as a little.

Advancing our understanding about the boundaries between normative symptoms from

problem indicators is a major concern in children and adolescent psychiatric practice. Our

151



findings suggest parameters to alert the clinician when to be concerned with specific and social
fears. Furthermore, we provide insights into the dimensionality of fear trait, showing that ‘not all
fears are created equally’, meaning that they vary widely in terms of severity and might carry
different information about a typical and an atypical development. Results also indicate that the
classification by severity of fears provide clinically useful information for the diagnosis of
specific and social phobia. Our outcomes might help clinicians and researchers to determine
the boundaries that separate normative fears from problem indicators in children and early

adolescents and indicate a differential severity threshold for specific and social fears.
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Figure 1. lllustrative Item Response Functions. (A) Normative Fear. (B) Problem Indicator.
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Table 1 - Item Response Theory for specific and social fears in the total sample (n=2,512)

Confirmatory Factor Analysis (Bifactor Model,

General Factor)

Item Response Theory (unidimensional model)

Category
Category Thresholds
Factor Thresholds Location  Location Slope Item Location  Location
DSM-5 classification
Loadings (A) (mean) rank (a) A Little Alot (mean b) rank
A Little Alot
(b1) (b2)

Specific Fears
Animals 0.221 -0.126 0.996 0.435 1 0.942 -0.254 2.048 0.897 2
Natural Environments

Storms, thunder, Heights 0.262 0.103 1.133 0.618 4 1.286 0.168 1.885 1.0265 4

Dark 0.259 0.025 0.978 0.502 2 1.12 0.033 1.766 0.8995 3
Blood, injection, injury

Blood, injection, injury 0.34 0.029 1.017 0.523 3 1.291 0.044 1.677 0.8605 1

Dentists, doctors 0.403 0.535 1.392 0.964 6 1.218 0.904 2.426 1.665 6
Situational

Types of transport 0.402 1.356 2.081 1.719 15 1.444 2.116 3.382 2.749 13

Enclosed spaces 0.37 1.109 1.849 1.479 12 1.52 1.666 2.872 2.269 12

Toilets 0.356 1.300 2.024 1.662 13 1.316 2.153 3.493 2.823 14
Other fears

Monsters etc 0.322 0.533 1.384 0.959 5 1414 0.823 2.191 1.507 5

Vomiting, choking, diseases 0.388 0.770 1.610 1.190 8 1414 1.196 2.575 1.8855 9
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Loud noises
People who look unusual
Social fears
Non-restricted to performance
Meeting new people
Meeting a lot of people
Eating in front of others
Performance only
Speaking in class
Reading in front of others

Writing in front of others

0.344

0.351

0.783

0.89

0.804

0.747

0.727

0.739

0.886

1.379

1.632

1.524

1.506

0.806

0.566

1.041

1.643

2.024

2.449

2.259

2.449

1811

1.551

1.871

1.265

1.702

2.041

1.892

1.978

1.309

1.059

1.456

14

18

16

17

10

7

11

1.584

1.357

1.409

1.644

1.555

1.399

1.33

1.504

1.299

2.243

2.626

2.234

2.278

1.262

0.913

1.576

2.469

3.417

4.165

3.431

3.917

2.95

2571

2.921

1.884

2.83

3.3955

2.8325

3.0975

2.106

1.742

2.2485

15

18

16

17

10

11

Note: All items loaded significantly on their respective latent factors (p<0.0001). Bold mark problem indicators.
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Table 2 - Associations between each specific and social fear classified as 'A lot" with specific phobia and

social phobia diagnosis in the total sample (n=2,512)

Specific fears Sens Spe CC LR+ LR- ROC Cl95%

Animals 41.6 85 834 28 0.7 0656 0.597-0.715
Natural Environments
Storms, thunder, heights 37.1 88 86.2 31 0.7 0.654 0.595-0.714
Dark 55.1 85 84 37 05 0731 0.677-0.785

Blood, injection, injury

Blood, injection, injury 38.2 854 837 26 0.7 0.643 0.584-0.702

Dentists, doctors 20.2 922 897 26 09 0.612 0.556-0.668
Situational

Types of transport 5.6 98.3 95 3.2 1 0.548 0.507-0.589

Enclosed spaces 6.7 96.9 93.7 2.2 1 0525 0.484-0.567

Toilets 13.5 983 953 7.8 09 0.587 0.540-0.635
Others

Monsters etc 29.2 925 90.2 39 08 0.642 0.583-0.700

Vomiting, diseases 12.3 94.9 92 24 0.9 0.587 0.534-0.639

Loud noises 16.9 95.4 926 3.7 09 0.58 0.532-0.637

People who look unusual 10.1 98.1 95 54 09 0.546 0.505-0.586
Social fears Sens Spe CC LR+ LR- ROC C195%

Non-restricted to performance

Meeting new people 23.1 99.5 98.7 478 0.8 0.769 0.671-0.867
Meeting a lot of people 30.8 99.1 98.4 348 0.7 0.688 0.588-0.789
Eating in front of others 19.2 99.5 98.7 36.8 0.8 0.666 0.567-0.763

Performance only

Speaking in class 57.7 97.1 96.7 196 0.4 0.83 0.735-0.924
Reading aloud in front of others 76.9 94.7 94.1 145 0.2 0.923 0.873-0.972
Writing in front of others 46.2 97.4 96.9 17.7 05 0.779 0.678-0.880

Note: Fears were ordered by the DSM-5 classification.
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Table 3 — Summary of Confirmatory Factor Analysis (CFA), Item response Theory (IRT) and Receiver Operator Curve (ROC) Analysis for each specific and social

fears with respect to the severity and likelihood to indicate problems in the total sample (n=2,512) and their correlates with age and gender.

CFA

IRT

ROC ANALYSIS

Associations

Associations

DSM-5 classification A little A lot A little A lot A lot with gender
with age
(Theta>0.78) (Theta>0.78) (Theta>1.53) (Theta>1.53) (LR>5) (male)

Specific fears
Animals No Yes No Yes No No Yes
Natural environments

Storms, thunder, heights No Yes No Yes No No Yes

Dark No Yes No Yes No Yes No
Blood, injection, injury

Blood, injection, injury No Yes No Yes No No Yes

Dentists, doctors No Yes No Yes No No No
Situational

Types of transport Yes Yes Yes Yes No No No

Enclosed spaces Yes Yes Yes Yes No No No

Toilets Yes Yes Yes Yes Yes Yes No
Other fears

Monsters etc No Yes No Yes No Yes No

Vomiting, choking, diseases No Yes No Yes No No Yes

Loud noises Yes Yes No Yes No Yes No
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People who look unusual
Social fears
Non-restricted to performance

Meeting new people

Meeting a lot of people

Eating in front of others
Performance only

Speaking in class

Reading aloud in front of others

Writing in front of others

Note: Fears were ordered by the DSM-V classification.

No

No

No

No

No

No

No

No
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Supplemental Table 1 - Prevalence of common fears in the randomly selected sample

(n=958)
No A little A lot
DSM-5 classification N % N % N %
Specific fears
Animals 443 46.2 382 399 133 139
Natural Environments
Storms, thunder, heights 550 57.4 295 30.8 113 11.8
Dark 503 525 315 329 140 146
Blood, injection, injury
Blood, injection, injury 525 54.8 308 322 125 13
Dentists, doctors 712 743 186 19.4 60 6.3
Situational
Types of transport 894 93.3 49 51 15 1.6
Enclosed spaces 861 899 73 7.6 24 2.5
Toilets 882 921 60 6.3 16 1.7
Others
Monsters 700 73.1 197 206 61 6.4
Vomiting, choking, diseases 774 80.8 145 151 39 4.1
Loud noises 800 835 120 125 38 4
People who look unusual 874 912 67 7 17 1.8
Social fears
Non-restricted to performance
Meeting new people 913 953 39 4.1 6 0.6
Meeting a lot of people 902 94.2 44 4.6 12 1.3
Eating in front of others 900 93.9 49 5.1 9 0.9
Performance only
Speaking in class 794 829 141 147 23 2.4
Reading aloud in front of others 730 76.2 181 18.9 47 4.9
Writing in front of others 838 875 97 101 23 2.4

Note: Fear of ‘other things’ — ‘No’ (n=900; 93.9%), ‘A little’ (n=31; 3.2%) and ‘A Lot’ (n=27;

2.8%)
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Supplemental Table 2- Prevalence of common fears according to the ages in the randomly selected sample (n=958)

Age group diferences

Gender differences

Ordinal regression (OR)

DSM-5 classification 06 to 08 09to 10 11to 12 13to 14 Male Female
Age (continuous,years) Gender, (Ref: male)

N % n % n % n % n % n %
Specific fears
Animals

13 40. 13 39. 8 39. 3 41. 16 35. 21 44,
A little

3 9 7 4 2 0 0 1 9 1 3 7

12. 14. 3 15, 1 13. 18. 1.007 2.099
A lot 42 49 46 9.6 87
9 1 2 2 0 7 2 (0.944-1.073) (1.643-2.681)***
Natural Environments
Storms, thunder, heights

11 33 10 31. 5 27. 1 26. 14 30. 14 31.
A little

0 8 9 3 7 1 9 0 6 4 9 2

13. 3 14. 14. 0.984 1.377
A lot 28 8.6 48 7 9.6 43 89 70
8 0 3 7 (0.922-1.051) (1.073-1.766)*
Dark

12 38. 11 32. 6 29 1 19 14 30. 16 35.
A little

5 5 4 8 2 5 4 2 6 4 9 4
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A lot

Blood, injection, injury

Blood, injection, injury

A little

A lot

Dentists, doctors

A little

A lot

Situational

Types of transport

A little

A lot

Enclosed spaces

49

97

49

57

15

15

15.

20.

15.

17.

4.6

4.6

1.5

58

11

46

64

26

16

16.

33.

13.

18.

7.5

4.6

1.7

12.

34.

11.

24.

7.1

5.2

1.4

9.6

28.

8.2

17.

55

8.2

1.4

77

14

55

85

27

22

16.

30.

11.

17.

5.6

4.6

1.7

63

16

70

10

33

27

13.

33.

14.

21.

6.9

5.7

1.5

0.888

(0.832-0.948)**

0.969

(0.908-1.034)

1.058

(0.981-1.140)

1.024

(0.897-1.169)

1.024

(0.803-1.307)

1.305

(1.021-1.669)*

1.278

(0.958-1.707)

1.147

(0.690-1.906)



A little

A lot

Toilets

A little

A lot

Others

Monsters

A little

A lot

Vomiting, choking, diseases

A little

A lot

20

24

80

22

58

10

6.2

2.8

7.4

2.8

24,

6.8

17.

3.1

24

22

75

26

43

18

6.9

2.3

6.3

1.1

21.

7.5

12.

5.2

11.

2.9

5.2

1.4

17.

4.8

17.

3.3

8.2

1.4

4.1

0.0

8.2

4.1

9.6

55

31

10

26

97

24

67

13

6.4

21

5.4

1.0

20.

5.0

13.

2.7

42

14

34

11

10

37

78

26

8.8

2.9

7.1

2.3

21.

7.8

16.

55

1.045

(0.936-1.166)

0.876

(0.771-0.995)*

0.875

(0.810-0.945)*

0.967

(0.888-1.052)

1.424

(0.932-2.177)

1.534

(0.952-2.472)

1.240

(0.932-1.648)

1.426

(1.033-1.969)*



Loud noises

16. 11. 10. 11. 13.
A little 52 40 8.2 56 64
0 5 0 6 4
0.882 1.065
A lot 12 3.7 17 4.9 3.3 2.7 21 44 17 3.6
(0.805-0.967)** (0.757-1.498)
People who look unusual
A little 26 80 26 75 4.8 6.8 29 6.0 38 8.0
0.922 1.175
A lot 9 2.8 4 11 1.9 0.0 10 21 7 15
(0.818-1.039) (0.750-1.842)
Social fears
Non-restricted to performance
Meeting new people
A little 14 43 12 34 5.7 14 14 29 25 52
1.005 1.386
A lot 2 0.6 1 0.3 0.5 2.7 5 1.0 1 0.2

Meeting a lot of people

(0.858-1.177)

(0.757-2.540)
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A little 13

A lot 4

Eating in front of others

A little 15

A lot 2

Performance only

Speaking in class

A little 32

A lot 6

Reading aloud in front of others

A little 49

A lot 9

40 15
1.2 3
46 14
0.6 1
9.8 57
1.8 3
15.

64
1
28 17

4.3

0.9

4.0

0.3

16.

0.9

18.

4.9

6.7

1.0

9.0

1.4

21.

5.2

24.

8.6

2.7

4.1

1.4

4.1

8.2

4.1

21.

4.1

18

24

76

11

90

28

3.7

1.7

5.0

0.6

15.

2.3

18.

5.8

26

25

65

12

91

19

55

0.8

5.2

1.3

13.

2.5

19.

4.0

1.040

(0.903-1.198)

1.089

(0.947-1,251)

1.143

(1.046-1.249)*

1.155

(1.069-1.249)**

1.160

(0.675-1.992)

1.169

(0.687-1.992)

0.868

(0.619-1.217)

0.891

(0.662-1.201)



Writing in front of others

10. 3 14
A little 25 77 35 7 9.6
1 0 3
1
A lot 4 1.2 7 2.0 48 2 27
0

57

14

11.

2.9

40

8.4

1.9

1.127

(1.020-1.247)*

0.653

(0.443-0.964)*

Note: Fears were ordered by the DSM-V classification. *p<0.05; **p<0.01; ***p<0.001
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Supplemental Table 3 - Fit index of the unidimensional, correlated and bifactor models for specific

and social fears

One Factor 2 correlated Bifactor

Items Fear Specific Social G Specific  Social
A A A A A A
Animals 0.459 0,524 0,221 0,495
Storms, thunder, Heights 0.567 0,646 0,262 0,62
Dark 0.537 0.604 0.259 0.566
Blood. injection. Injury 0.572 0.642 0.34 0.538
Dentists. doctors 0.56 0.613 0.403 0.444
Types of transport 0.574 0.635 0.402 0.476
Enclosed spaces 0.608 0.677 0.37 0.563
Toilets 0.54 0.599 0.356 0.473
Monsters etc 0.608 0.68 0.322 0.608
Vomiting. choking. diseases 0.583 0.645 0.388 0.502
Loud noises 0.641 0.712 0.344 0.632
People who look unusual 0.551 0.612 0.351 0.493
Meeting new people 0.639 0.739 0.783 -0.239
Meeting a lot of people 0.695 0.8 0.89 -0.304
Eating in front of others 0.651 0.753 0.804 -0.065
Speaking in class 0.751 0.831 0.747 0.387
Reading in front of others 0.842 0.918 0.727 0.657
Writing in front of others 0.851 0.899 0.739 0.502
Correlations - 0.469 0 0 0
Fit indexes
FP 54 55 72
3379.9
898.2 (df=134;
X2 (df=135; 627.3 (df=117; p<0.001)
p<0.001)
p<0.001)
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RMSEA 0.098 0.048 0.042

Cl 90% 0.095-0.101 0.045-0.051 0.038-0.045

CFI 0.799 0.953 0.968

TLI 0.772 0.946 0.959

WRMR 4.242 2.093 1.482
Reliability indexes

Omega 0.921 0.889 0.870 0.933 0.889 0.945
Omega h 0.600

Omega s 0.638 0.036

Note: A: Factor loadings; G: general fator.
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Supplemental Table 4 - Age and gender Multigroup Confirmatory

Factor Analysis investigating measurement invariance for the fear

latent trait

Parameters Gender Age

Model Fit Information for the Configural Model

Chi-Square 724.370 873.712

Degrees of Freedom 234 468

RMSEA 0.041 0.037

CFI 0.970 0.973

TLI 0.960 0.965

WRMR 1.670 1.784
Model Fit Information for the Scalar Model
Chi-Square 761.391 1.020.536
Degrees of Freedom 282 612
RMSEA 0.037 0.033
CFI 0.970 0.973
TLI 0.968 0.973
WRMR 1.892 2.235
ACFI Configural — Scalar 0.000 0.000

Note: Chi-square values for each group of gender for the

configural model: male (X2=337.631). female (X2=386.739).

Scalar model: male (X2=361.560). female (X2=399.831). Chi-

square values for each group of age for the configural model: 6 to

8 (X2=264.169). 9 to 10 (X2=270.357). 11 to 12 (X2=218.960). 13

to 14 (X2=120.226). Scalar model: 6 to 8 (X2=272.705). 9 to 10

(X2=256.302). 11 to 12 (X2=270.287). 13 to 14 (X2=221.241).
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Summary

Objectives: This study examines the extent to which children’s positive attributes are distinct from
psychopathology. We also investigate whether positive attributes change or ‘buffer’ the impact of low

intelligence and high psychopathology on negative educational outcomes.

Methods: In a community sample of 2,240 children (6-14 years of age), we investigated associations among
positive attributes, psychopathology, intelligence, and negative educational outcomes. Negative educational
outcomes were operationalized as learning problems and poor academic performance. We tested the
discriminant validity of psychopathology vs. positive attributes using Confirmatory Factor Analysis (CFA) and
Propensity Score Matching Analysis (PSM) and used generalized estimating equations (GEE) models to test

main effects and interactions among predictors of educational outcomes.

Results: According to both CFA and PSM, positive attributes and psychiatric symptoms were distinct
constructs. Positive attributes were associated with lower levels of negative educational outcomes,
independent of intelligence and psychopathology. Positive attributes buffer the negative effects of lower

intelligence on learning problems, and higher psychopathology on poor academic performance.

Conclusion: Children’s positive attributes are associated with lower levels of negative school outcomes.
Positive attributes act both independently and by modifying the negative effects of low intelligence and high
psychiatric symptoms on educational outcomes. Subsequent research should test interventions designed to

foster the development of positive attributes in children at high risk for educational problems.
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INTRODUCTION

Educational attainment in childhood is a powerful predictor of economic success, health, and well-
being later in life.X™® Both intelligence* and psychiatric symptoms®® influence an individual's performance in
educational settings. However, recent econometric studies also highlight the impact of positive attributes —
such as being keen to learn, affectionate and caring — on educational attainment.”~° Whereas research has
begun to examine the role of positive attributes on determining education outcomes!'*2 , major questions

remain.

First, it is important to determine whether positive attributes are a distinct construct, separable from
the absence of psychiatric symptoms.'* Economic studies cannot answer this question because they do not
include measures of psychopathology. The few available studies in psychiatry'*? support the independent
contributions of positive attributes and psychiatric symptoms in predicting the subsequent development of
psychiatric illness. However, the distinction between positive attributes and psychiatric symptoms has not

been examined psychometrically.

Second, if positive attributes are indeed distinct from the absence of psychiatric symptoms, it is
important to investigate interactions between these two constructs and intelligence in predicting educational
outcomes. Consistent with economic theories of human development, evidence suggests that positive
attributes and intelligence may interact in predicting educational outcomes, such as school graduation by age
30.11% However, no studies investigate interactive effects between positive attributes and psychopathology on
educational outcomes. Specifically, it is important to ascertain if positive attributes buffer the negative impact
of low intelligence and high psychiatric symptoms on educational outcomes. If positive attributes have such
buffering properties, then facilitating their emergence might improve outcomes in children who are at risk for

adverse educational outcomes because of psychiatric symptoms or low intelligence.

Here we aim to investigate: (1) the discriminant validity of the constructs of positive attributes and
psychiatric symptomatology in children; and (2) whether positive attributes are independently associated with

educational outcomes and/or if they buffer associations between low intelligence and
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negative educational outcomes, and between high psychiatric symptoms and negative educational outcomes.
First, we predict that positive attributes are empirically discriminable from psychiatric symptoms. Second, we
predict that positive attributes are associated with lower levels of negative educational outcomes independent
of intelligence and psychopathology, and through interactions with low intelligence and high levels of

psychiatric symptoms that buffer the impact of these two variables on negative educational outcomes.

METHODS

Participants

We used data from a large school-based community study that obtained psychological, genetic and
neuroimaging data and was designed to investigate typical and atypical trajectories of psychopathology and
cognition over development.2* The ethics committee of the University of Sdo Paulo approved the study. Written
consent was obtained from parents of all research participants and verbal assent was obtained from the

children.

The study included screening and assessment phases. The screening phase of the study included
children from 57 public schools in S&do Paulo and Porto Alegre. In Brazil, on specified registration days, at
least one caregiver is required to register each child for compulsory school attendance. All parents and
children who presented at the selected schools were invited to participate. Families were eligible for the study
if the children: (1) were registered by a biological parent capable of providing consent and information about
the children’s behavior; (2) were between 6-12 years of age; and (3) remained in the same school during the

study period.

We screened 9,937 parents using the Family History Survey (FHS).*® From this pool, we recruited
two subgroups - one randomly selected (n=958) and one high-risk (n=1,524). Selection of the high-risk
sample involved a risk-prioritization procedure designed to identify individuals with current symptoms and/or

a family history of specific disorders.*
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The assessment phase was performed in multiple visits, in the following order: home interview with
parents (one visit), child assessment with a psychologist (one or two visits), child assessment with a speech

therapist (one or two visits), and one hospital visit for imaging and blood collection.

From the total sample (N=2,512), missing data for intelligence and learning problems was handled
using listwise deletion. Hence, a subset of 2,240 research participants (862 randomly selected and 1,378
high-risk) with complete intelligence measurements'® were included in the present analysis. In this subsample,
1,987 research participants (783 randomly selected and 1,204 high-risk) had complete measurements of
learning problems.'” Subjects with missing intelligence data had lower mean age (9.53 vs. 10.37
[F1,2510=81.28, p<0.001]) than included subjects, but did not differ on gender, socioeconomic status or

psychiatric symptoms. Parent informants were mother (91.6%), father (4.4%) or both (4%).

Positive Attributes Measurement

To measure positive attributes in children and adolescents, we used the Youth Strength Inventory
(YSI), a subscale of the Development and Well-Being Assessment (DAWBA).!! The YSI is a 24-item scale,
divided into two blocks of questions addressed to the caregiver. One block focuses on child characteristics,

such as if he/she is “lively”, “easy going”, “grateful”, “responsible”, and has a “good sense of humour”. The

other block addresses the child’s actions that please others, such as “helps around the home”, “well behaved”,
“keeps bedroom tidy”, “does homework without reminding”. Each question is answered, “No”, “A little”, or “A
lot”. A confirmatory factor analysis (CFA) of YSI yielded a one-factor solution with adequate goodness-of-fit
indices (i.e., Root Mean Square Error of Approximation (RMSEA) 0.057 (90% CI 0.055-0.059), Comparative
Fit Index (CFI) 0.957, Tucker Lewis Index (TLI) 0.950, Chi-Square Test of model fit 2201.316 (p<0.001)).

Composite YSI scores were derived from saved factor scores from the CFA model (Table S1, available online).

Intelligence Evaluation
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For intelligence, we estimated IQ using the vocabulary and block design subtests of the Weschler
Intelligence Scale for Children, 3rd edition — WISC-II1,*8 using the Tellegen and Briggs method!® and Brazilian

norms.16:2°

Psychiatric Evaluation

Psychiatric symptoms were evaluated as a continuous variable, using the Strengths and Difficulties
Questionnaire (SDQ).?! SDQ is a 25-item questionnaire which provides five scores of behavioral and
emotional symptoms. For the purposes of this study, we excluded “peer relationships problems” from the SDQ
total because of the conceptual overlap among this variable, psychiatric symptoms, and positive attributes.
The resulting measure, the SDQ composite (SDQc), includes “emotional symptoms”,

“‘inattention/hyperactivity” and “conduct problems”.

Psychiatric diagnosis was assessed using the Brazilian Portuguese version?® of the Development
and Well-Being Assessment (DAWBA).?2 This structured interview was administered to biological parents by
trained lay interviewers and scored by trained psychiatrists who were supervised by a senior child
psychiatrist!*. For the purposes of the propensity score matching (PSM) analysis we used the DAWBA broad

category of ‘Any Psychiatric Diagnosis’.

There were low Pearson’s correlations between YSI and 1Q (r=0.105; p<0.001) and between SDQ

and 1Q (r=-0.146; p=<0.001). There was a moderate correlation between YSIland SDQc (r=- 0.560; p=<0.001).

Educational Evaluations

Educational evaluations consisted of direct measurement of learning problems in children and by the

caregiver’s report of the child’s performance in academic subjects.
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Specifically, learning problems were measured by participants’ scores on the School Performance
Test (“Teste de Desempenho Escolar” - TDE).'” The TDE is comprised of two subtests, decoding (recognition
of words isolated from context) and writing (isolated words in dictation). A previous TDE study from our group
used Latent Class Analysis (LCA) to identify a cluster of children (18.5% of the sample) with poor decoding

and writing skills.?* Here, we used membership in this cluster to identify children with learning problems.

Academic performance was measured using Child Behavior Checklist for ages 6-18 (CBCL-
school),® completed by the caregiver. The academic subjects assessed were Portuguese or literature, history
or social studies, English or Spanish, mathematics, biology, sciences, geography, and computer studies. Each
subject was scored as failing, below average, average, and above average. The CFA of CBCL-school using
one-factor solution resulted in adequate goodness-of-fit indices (i.e., RMSEA 0.056 (90% CI 0.048-0.065),
CFI 0.997, TLI 0.996, Chi-Square Test of model fit 49787.4
(p<0.001)). The composite CBCL-school (academic performance) scores were derived from saved factor

scores from the CFA model (Table S2, available online).

Statistical Analysis

We performed a stepwise analysis. We used two analytic methods to test the first hypothesis. First,
we performed a CFA to investigate if YSI and SDQc items load onto one or two latent factors. Specifically, we
fitted a one factor, two factors, second order and bifactor models. (For CFA methods and results, see
Supplementary Material, available online). Second, we used a LCA to identify groups differing on level of
positive attributes. We then used propensity score matching (PSM) to test if children differing only in positive
attributes (and not on psychiatric diagnosis, symptoms, medication, 1Q, age, gender, siblings, socioeconomic
status or parents’ psychiatric diagnosis) differ on school outcomes. Specifically, after propensity score
matching, generalized estimating equations (GEE) models were used to test between-group differences in
school outcomes. Since school outcomes might vary among the 57 schools, we controlled for cluster effects
(random-effects) in all statistical tests. The LCA and PSM methods and results are detailed in Supplementary

Material, available online.
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We tested the second hypothesis using univariate models that included one independent variable at
atime (i.e., YSI, 1Q, SDQc); followed by bivariate models that included YSI and IQ or SDQc in the same model
without the interaction term and finally a full model that included the main effects of YSI and 1Q or SDQc and
the interaction term (i.e., YSI*IQ and YSI*SDQc). To facilitate interpretation, 1Q, positive attributes and
psychiatric symptom scores were transformed into standardized units (z- scores), regressing out the effects
of age and gender (using Studentized residuals). Again, study hypotheses were tested using GEE models in
SPSS 17 (SPSS Inc, Chicago, lllinois, USA). We used binary logistic and linear regression models for learning
problems and poor academic performance respectively. Therefore, model estimates (OR and ) reflect the
outcome additive increase for changing one standardized unit of the predictors. Interactions were represented
graphically using regression surfaces implemented in R (plot3D package®). We used marginal effects
implemented in Stata version 13 (StataCorp, College Station, Texas, USA) to test the significance of the
continuous interactions. Marginal effects represent the change in linear prediction (linear regression) and
probability (logistic regression) of an outcome for a one IQ or SDQc standardized unit change when YSI is
held constant at different values (-3.5 to 3.5, with 0.5 unit increases). For logistic regression, results were
transformed from chances into probabilities to facilitate interpretation. For marginal effects analysis, we used
the inverse levels of 1Q (IQ * (-1)). For post-hoc power analyses of the main models, see Supplementary

Material.
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RESULTS

Hypothesis 1: Positive attributes are empirically discriminable from psychiatric symptoms.

CFA indicated that the model with two correlated factors showed the best fit indices over the other
models (one factor, second order and bifactor models). The model with two correlated factors (‘psychiatric
symptoms’ and ‘positive attributes’) showed acceptable goodness-of-fit across indices: RMSEA 0.061 (90%
Cl1 0.059-0.062), CFI 0.903, TLI 0.895, Chi-Square Test of model fit 66086.108
(p<0.001) as the model with one factor provided an unacceptable fit to the data according to two out of three
fit indexes: RMSEA 0.077 (CI90% 0.076 — 0.079), CFI 0.842, TLI 0.830, Chi-Square Test of model fit
11012.799, df=689, p<0.001. Chi-Square Test for Difference Testing one-dimensional vs. correlated two
factor models showed advantages of the two-factor correlated model over the one- factor model (x>=667.338,

df=1, p<0.0001). Second-order and bifactor models did not converge.

An item-level inspection of information curves from the CFA of the two-factor correlated model
showed that YSI and SDQc provide information in different areas of a common metric (i.e., YSI is better at
discriminating among typically developing children, while SDQc is better at discriminating among atypically
developing children). Specifically, the mean threshold of SDQc items was -0.19, whereas the mean threshold

of YSI items was 0.83 (Figure S1, available online).

LCA indicated that the sample is divided into high (63.2%) and low (36.8%) positive attributes classes
(Figure S2, available online). PSM procedures were able to generate two groups differing only in positive
attributes levels (Figure S3, available online). As predicted, compared to the low YSI group, the high YSI
group had lower means on the scale measuring poor academic performance (8=0.72; 95% CI [0.65-0.79];
p<0.001). Contrary to our predictions, YSI was not associated with a lower chance of having learning problems

(OR=0.98; 95% CI [0.73-1.30], p=0.88).

Hypothesis 2: Positive attributes are associated with lower levels of negative educational
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outcomes independent of intelligence and psychopathology, and through interactions with low intelligence and

high levels of psychiatric symptoms that buffer the impact of these two variables on negative educational outcomes.

Positive attributes and intelligence

First we analyzed the associations of IQ and YSI on each outcome variable (Table 1). In both
univariate and bivariate models, higher YSI and IQ were associated with lower chances of learning problems
and lower levels of poor academic performance. For poor academic performance, the associations with 1Q
and YSI were independent of each other (Table 1, Model 3). For learning problems, there was a significant
interaction between YSI and 1Q, such that the association of intelligence on learning problems is moderated
by children’s positive attributes (Table 1, Model 3 and Figure 1A). Marginal effect analysis revealed that
decreasing levels of 1Q were significantly associated with higher probabilities of learning problems for
individuals with YSI lower than 1.5 z-score, but not for those with YSI equal or higher than 1.5 z-score (Figure
1B). The strength of the association between levels of intelligence and learning problems decreases as a
function of increasing levels of positive attributes. For example, at a YSI of -3.5 z score, the probability of
learning problems increases 17.90% (95%CI 10.46% to 25.33%, p<0.001) for each 1Q standardized unit
decrease. At a YSI of 1 z-score, the probability of learning problems increases 4.21% (95%CI 1.50 to 6.93,
p=0.002) for each 1Q standardized unit decrease (Figure 1B). Importantly, when the YSI is = 1.5 z-score, the
associations between 1Q and learning problems are non-significant (Figure 1B), suggesting that high levels

of positive attributes buffer the negative impact of low intelligence on learning problems.

TABLE 1

FIGURE 1

Positive attributes and psychiatric symptoms
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Lastly, we investigated the effect of psychiatric symptoms (SDQc) on school outcomes, again in
univariate and bivariate models with child positive attributes (YSI) (Table 2). In the univariate model, higher
SDQc were associated with higher levels of negative educational outcomes (Table 2, Model 1). In the bivariate
models, both YSI and SDQc were significantly associated with learning problems and academic performance
(Table 2, Model 2). For learning problems, associations with SDQc and YSI were independent (Table 2, Model
3). However, for poor academic performance, there was a significant interaction between YSI and SDQc,
revealing that the association of psychiatric symptoms on performance in academic subjects is moderated by
children’s positive attributes (Table 2, Model 3 and Figure 2A). Marginal effect analysis revealed that
increasing levels of psychiatric symptoms was significantly associated with poorer academic performance, for
children and adolescents with YSI lower than 1.5 z-score, but not for those with YSI equal or higher than 1.5
z-score (Figure 2B). The strength of the association between levels of psychiatric symptoms and poor
academic performance decreases as a function of increasing levels of positive attributes. For example, at a
YSI of -3.5 z score, linear prediction of poor academic performance increases 0.403 z-score (95%CI 0.272 to
0.534, p<0.001) for each SDQc standardized unit increase. At a YSI of -1 z score, linear prediction of poor
academic performance increases 0.115 z-score (95%CI 0.033 to 0.197, p=0.007) for each SDQc standardized
unit increase (Figure 2B). At YSI > 1.5 z score, the association between SDQc
and poor academic performance is non-significant, suggesting that high levels of positive attributes buffer

the negative impact of psychiatric symptoms on academic performance (Figure 2B).

TABLE 2

FIGURE 2

As a post-hoc analysis, we ran a second CFA for YSI, excluding items that could overlap with school
outcomes (“keen to learn”, “good at school work”, “does homework without needing to be reminded”). A good
model fit remained (RMSEA 0.057, 90% CI 0.055-0.060; CFI 0.961; TLI 0.955; Chi-Square Test of model fit

1681.197, p<0.001). We re-ran all the regressions using YSI scores
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without school items and found the same main effects and interactions described above. Also, for each model,

three-way interactive models among YSI, SDQc and IQ were non-significant, as were interactions with gender.

DISCUSSION

In this school-based community sample, we first used two analytic approaches to investigate the
validity of the children’s positive attributes construct. In particular, we were interested in ascertaining the extent
to which positive attributes and psychiatric symptoms are distinct constructs. First, confirmatory factor analysis
showed that a model with two correlated factors (positive attributes and psychiatric symptoms) fit better than
a unidimensional model. Second, propensity score analysis showed that, even after matching participants for
psychiatric symptoms, psychiatric disorders, intelligence, and other potential confounders, children with low
positive attributes had worse performance in academic subjects than those with high positive attributes.
Finally, we found that positive attributes are associated with better educational outcomes both independent
of intelligence and psychiatric symptoms, and by buffering associations among low intelligence, high levels of

psychiatric symptoms, and negative educational outcomes.

Consistent with other studies,**'? our results suggests that positive attrioutes in children are not
merely the absence of psychopathology. Whereas the measurement of psychiatric symptoms might
characterize developmental disruptions in children with high levels of psychopathology, the measurement of
positive attributes might improve the characterization of behavioral and emotional variability within the normal
range, adding incremental health risk prediction.**?” This may explain why positive attributes can predict the
risk for later psychiatric disorders in healthy children, beyond predictions based on baseline psychiatric
symptoms.!*Additionally, our PSM results revealed that, in groups matched on other relevant characteristics,
children high in positive attributes have better academic performance than those low in positive attributes .
This is consistent with Krapohl and colleagues,?® who found that academic performance was predicted not

only by intelligence, but also by
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personality traits and well-being. Hence, the CFA and PSM analyses supported the validity of the positive

attributes construct by improving behavioral characterization and prediction of academic performance.

Most studies examine the predictive value of one variable alone, either positive attributes,:12:29:30
intelligence*® or psychiatric symptoms,®>2 without investigating interactions. In agreement with previous
studies, we found that intelligence, psychiatric symptoms and positive attributes did, indeed, have
independent associations with educational outcome. However, our study indicates that these variables also
interact. Previous studies suggest that early interventions designed to improve noncognitive abilities in
disadvantaged children impact on IQ briefly, but have longer- lasting effects on school attainment and
employment.®® Our results suggest that these lasting effects may result from the impact of noncognitive
abilities (i.e., positive attributes) on learning. Specifically, based on our findings, it is reasonable to hypothesize
that children with low IQ would show particularly marked benefit from early interventions that increase positive
attributes, since the impact of low 1Q on learning problems is buffered by positive attributes. Also, an
association between high positive attributes and lower psychiatric symptoms has been reported,'! and
interventions that improve such noncognitive skills in childhood appear to be associated with decreased
psychiatric symptoms later in life.®*3® While our results are consistent with these previous studies, our study
also reveals that, with respect to academic performance, the positive effects of noncognitive abilities might be
particularly important in highly symptomatic children, as well as in those with low intelligence. This is especially
important given that mental health in adolescence predicts later educational and occupational attainment,

rather than background economic and educational status®.

The interactions that we observed among positive attributes, intelligence and psychiatric symptoms
are consistent with developmental theories that focus on adaptive human characteristics.®” In particular,
Heckman'’s theory of human skills formation®’8 is well-suited to explain the present findings, since it predicts
interactions among cognitive skills, noncognitive skills and health.®® As we observed, positive attributes
interact with intelligence and psychiatric symptoms to impact on school learning and performance in children
and adolescents, suggesting mechanisms by which these variables can affect on adult outcomes, including

educational attainment, employment, crime and
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health.! The interactions found in our study further suggest that remediation of single domain deficits in a
developing child could be important not only for that specific domain, but to potentiate other facets of
behavioral function. Considering Vidal-Ribas!! work and ours, it is plausible to suggest a “noncognitive reserve
mechanism” through which positive attributes decrease the odds of developing psychopathology and
educational impairments, similar to the “cognitive reserve hypothesis” which proposes that cognitive function

acts as a buffer against the development of psychopathology.!

Some limitations need to be considered in order to interpret our findings properly. First, since this is
a cross-sectional study, the possibility of reverse causality (i.e., school factors influencing positive attributes,
intelligence and symptoms) cannot be ruled out. However, a previous longitudinal study on positive attributes™*
reported larger effects for positive attributes on psychopathology than those reported here. Second, although
propensity score matching minimizes the role of potential confounding factors, unobserved variables might
introduce residual confounding effects on the associations between YSI and school outcomes and decrease
the effect size of positive attributes on reported associations. Third, apart from learning problems, which were
measured by a standardized test, other child characteristics and outcomes were assessed by parental report,
which may have led to effect overestimation. Further studies should include other sources of information such
as school reports, test scores, and teacher reports. Fourth, this study was carried in a community sample of

a single country and the results may not generalize to other cultures.

Taken together, our study provides further validity for the positive attributes construct and suggests
that positive attributes may interact with intelligence to predict learning problems, and with psychiatric
symptoms to predict academic performance. Importantly, the deleterious associations of psychiatric
symptoms and low intelligence are buffered by children’s positive attributes. Further studies should focus on
understanding the mechanisms mediating these interactions, and on testing mechanistically-informed
interventions designed to increase positive attributes, particularly in children with psychiatric symptoms and/or

low intelligence.
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Table 1. Univariate, bivariate and interactive models of Positive Attributes and Intelligence on school

Learning Problems?

Poor Academic Performance?

OR (LB - UB)

B (LB - UB)

outcomes
z-score®
Model 1
YSI
(Univariate)
1Q
Model 2
YSI
(Bivariate)
1Q
YSI
Model 3
IQ
(Interactive)
YSI*IQ

0.78 *** (0.70 to 0.87)

0.60** (0.52 to 0.68)

0.81*** (0.73 to 0.91)

0.61*** (0.53 t0 0.70)

0.86* (0.76 to 0.97)

0.62*** (0.55 t0 0.71)

1.16* (1.02 to 1.32)

-0.31** (-0.34 t0 -0.27)

-0.22%** (-0.26 to -0.18)

-0.29%** (-0.32 to -0.25)

-0.19%* (-0.23 to -0.15)

-0.28** (-0.32 to -0.25)

-0.19%* (-0.22 to -0.15)

0.02 (-0.02 to 0.06)

Note: YSI = Youth Strengths Inventory; IQ = estimated intelligence quotient (defined in the text); OR =
odds ratio; 3 = regression coefficient 8; UB = upper bound; LB = lower bound. *p-value<0.05; **p-

value<0.01; ***p-value<0.001.

a. Outcomes defined in the text.

b. The 1%t z-score was used as a reference for each independent variable. Estimates reflect the

additive OR or B increase associated with changing one z-score.
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Table 2. Univariate, bivariate and interactive models of Positive Attributes and Psychiatric Symptoms

on school outcomes

Learning Problems?

Poor Academic Performance?

z-scoreP® OR (LB -UB) B (LB — UB)
Model 1
YSI 0.78 *** (0.70 to 0.87) -0.31*** (-0.34 t0 -0.27)
(Univariate)
SDQc 1.27** (1.14 to 1.42) 0.30*** (0.26 to 0.34)
Model 2
YSI 0.84* (0.73 to 0.96) -0.20*** (-0.25 to -0.16)
(Bivariate)
SDQc 1.15* (1.00 to 1.32) 0.19*** (0.14 to 0.23)
YSI 0.83** (0.72 to 0.95) -0.20*** (-0.25 to -0.16)
Model 3
SDQc 1.18* (1.02 to 1.35) 0.18*** (0.14 t0 0.22)
(Interactive)
YSI*SDQc 1.10 (0.98 to 1.24) -0.06*** (-0.10 to -0.03)

Note: YSI = Youth Strengths Inventory; SDQc = composite of Strengths and Difficulties Questionnaire

(defined in the text); OR = odds ratio; 3 = regression coefficient 3; UB = upper bound; LB = lower

bound. *p-value<0.05; **p-value<0.01; ***p-value<0.001.

a. Outcomes were defined in the text.

b. The 1%t z-score was used as a reference for each independent variable. Estimates reflect the

additive OR or B increase associated with changing one z-score.
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Figure 1 — Interaction and Marginal Effects of Intelligence and Positive Attributes on Learning

Problems
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positive attributes (z-axis). (B) The y-axis represents the probability of learning problems (defined in the text),
quantified by the average marginal effect of decreasing one 1Q z-scores (black dots with Cls) at each YSI z-

scores (x-axis). Cls = Confidence Intervals; YSI = Youth Strengths Inventory; 1Q = estimated Intelligence

Quotient (defined in the text).
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Figure 2 — Interaction and Marginal Effects of Psychiatric Symptoms and Positive Attributes on Poor

Academic Performance
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Note: (A) The y-axis represents the mean of poor academic performance by deciles of psychiatric symptoms
(x-axis) and positive attributes (z-axis), (B) The y-axis represents the linear prediction of poor academic
performance (defined in the text), quantified by the average marginal effect of increasing one SDQc z-score
(black dots with Cls) at each YSI z-scores (x-axis). Cls = Confidence Intervals; YSI = Youth Strengths

Inventory; SDQc = composite of Strengths and Difficulties Questionnaire (defined in the text).
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Supplementary Material

Supplementary methods, analysis and results

Post-hoc power analysis

Post-hoc power analyses were conducted for our main outcomes. For our linear outcomes (academic
performance), the observed power for the main effects of Youth Strengths Inventory (YSI) and Strengths and
Difficulties Questionnaire composite (SDQc), and for their interaction, were >0.99,
>0.99 and >0.95 respectively. For our binary outcome (learning problems), observed power for the main
effects of YSI and SDQc, and for their interaction, were all >0.99.

Factor analysis from YSI and CBCL school items

For all confirmatory factor analysis (CFA), we used delta parameterization and weighted least square
using a diagonal weight matrix with standard errors and mean- and variance-adjusted chi- square test
statistics (WLSMV) estimators, using MPLUS 7.1 software (Muthén & Muthén, Los Angeles, California, USA).
Model fit parameters were Chi Square Test of model fit, root mean square error of approximation (RMSEA),
Comparative Fit Index (CFI) and Tucker Lewis Index (TLI). Values of RMSEA near or below 0.08 represent
acceptable model fit, and values lower than 0.06 represent good-to-excellent model fit.! CFl and TLI values
near or above 0.90 represent acceptable model fit, while values higher than 0.95 represent a good-to-
excellent model fit. Nested models were tested using Chi-Square for Differences using the DIFFTEST option.
YSI

The YSI is a 24-item scale, divided into two blocks of questions addressed to the caregiver. One

block focuses on characteristics of the child, such as if he/she is “lively”, “easy going”, “grateful”, “responsible”,

and has a “good sense of humour”. The other block addresses the child’'s actions that please others, such as
“helps around the home”, “well behaved”, “keeps bedroom tidy”, “does homework without reminding” and
others. All questions have three possible answers: “No”, “A little”, “A lot”. The CFA of YSI using a one-factor
solution resulted in adequate goodness-of-fit indexes in our sample, converging to a single factor denominated
“positive attributes” (see main text). The composite YSI scores were derived from saved factor scores from

the CFA model (Table S1).
CBCL-school items
For academic performance, the CFA of CBCL-school using one-factor solution resulted in adequate

goodness-of-fit indexes in our sample (see main text). The composite CBCL-school (academic performance)
scores were derived from saved factor scores from the CFA model (Table S2).
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Testing if YSI and SDQc are overlapping constructs

CFA models including the YSI and SDQc was used to test whether the two scales assess the same
underlying latent construct. The category threshold indicates the expected value of the latent factor at which
there is a > 50% probability of endorsing a given category. The mean threshold for each item was computed
as the item location on the severity continuum in order to inform the location of the latent trait in which items
were more informative.

CFA models were run to test whether the two scales assess the same underlying latent construct.
We fitted a one-factor model (all items loading into a general component), a correlated two- factor model with
SDQc items loading onto a ‘psychiatric symptoms’ dimension and YSI items loading onto a ‘positive attributes’
dimension; a second-order model, with ‘psychiatric symptoms’ and ‘positive attributes’ loading onto one higher
order factor; and a bifactor model, with all items loading into a general factor and residuals loading onto two
specific factors — ‘psychiatric symptoms’ and ‘positive attributes’. The model with one factor provided an
unacceptable fit to the data according to two out of three fit indexes (see main text) and the model with two
correlated factors (‘psychiatric symptoms’ and ‘positive attributes’) showed acceptable goodness-of-fit in
practically all indices (see main text). Chi- Square Test for Difference Testing one-dimensional vs. correlated
two factor models showed advantages of the two-factor correlated model over the one-factor model
(x?=667.338, df=1, p<0.0001). Second-order and bifactor models were not identified.

An item-level inspection of information curves from CFA of the two-factor correlated model showed
that YSI and SDQc provide information in different areas of a common metric (i.e., YSI is better at
discriminating among typically developing children, while SDQc is better at discriminating among atypically
developing children). Specifically, the mean threshold of SDQc items was -0.19, whereas the mean threshold
of YSI items was 0.83 (Figure S1).

Propensity Score Matching Methods

As a stringent test of discriminant validity, we used propensity score matching? to verify whether
associations between a child’s positive attributes and school outcomes are independent of intelligence,
psychopathology, and other potential confounders. The analyses were conducted in R, using the PSM® and
Matchlit* packages from R-project.

Before the propensity score matching (PSM) procedure, a latent class analysis (LCA) was performed
to create empirically-derived groups with different levels of positive attributes (YSI score). This analysis was
conducted in MPLUS 7.1 (Muthén & Muthén, Los Angeles, California, USA). A solution with two classes
(FP=97, Loglikelihood=-44513.83, AIC=89221.66, IC=89787.02, ssaBIC=89478.82) showed a high entropy
=0.925 and divided the sample into high positive attribute (63.2%) and low positive attribute (36.8%) classes
(Figure S2). A solution with three classes showed an intermediate group with moderate level of positive

attributes, while one with four classes showed
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overlapping classes with no discrimination. A two-class solution was selected to maximize sample size and
because of the higher entropy level.

We used the nearest neighbour method for the PSM analysis, with a caliper of 0.25, i.e., the largest
allowable difference in propensity score for matched participants was 25%. Before and after matching, we
used a measure of standardized bias to assess the balance of the covariates. Standardized differences of
means <0.20 are acceptable and differences <0.10 are considered negligible.

The PSM procedure selected a total of 671 children with low positive attributes who were matched
1:1 with children with high positive attributes, as described in Methods. By this method, we were able to
successfully reduce the magnitude of differences (standardized bias) between children with high and low
positive attributes. The mean standardized bias for all covariates is shown in Figure S3.
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Figure S1: Standardized average thresholds of each item of the Strengths and Difficulties items (SDQc in

red) and Youth Strengths Inventory items (YSI in blue).
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Figure S2: In red, Higher YSI score class, in blue, Lower YSI score class. Graph represents the

chance of endorsement (Y axis) of each item of the YSI (X axis).
Supplementary Figure S3

Figure S3
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Figure S3: (A) Histograms of propensity score matching (PSM) of High YSI and Low YSI before and after
matching and (B) standardized bias (%) of covariates before and after matching. Blue line represents 10%
standardized bias limit; below the blue line was considered negligible. Red line represents 20% limit of

standardized bias; below the red line was considered acceptable.
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Supplementary Table S1

Table S1. Confirmatory Factor Analysis of Youth Strengths Inventory

Factor
Loadings SE Thresholds
Bl B2

Generous 0.598 0.019 -2.031 -0.371
Lively 0.620 0.019 -2.117 -0.579
Keen to learn 0.677 0.016 -1.581 -0.406
Affectionate 0.753 0.016 -2.222 -0.770
Reliable and responsible 0.740 0.013 -1.469 -0.176
Easy going 0.746 0.012 -1.264 -0.148
Good fun, good sense of humour 0.698 0.015 -1.796 -0.434
Interested in many things 0.759 0.013 -1.577 -0.393
Caring, kind-hearted 0.777 0.018 -2.343 -0.965
Bounces back quickly after setbacks 0.654 0.015 -1.229 0.096
Grateful, appreciative of what he gets 0.761 0.012 -1.324 -0.263
Independent 0.535 0.017 -0.954 0.145
Helps around the home 0.438 0.020 -0.852 0.563
Gets on well with the rest of the family 0.762 0.015 -2.024 -0.597
Does homework without needing to be

reminded 0.514 0.018 -0.478 0.393
Creative activities: art, acting, music, making

things 0.571 0.017 -0.903 0.156
Likes to be involved in family activities 0.740 0.014 -1.609 -0.436
Takes care of his appearance 0.577 0.019 -1.502 -0.357
Good at school work 0.618 0.016 -1.139 0.046
Polite 0.779 0.014 -2.031 -0.539
Good at sport 0.458 0.02 -1.036 0.125
Keep his bedroom tidy 0.53 0.018 -0.23 0.874
Good with friends 0.773 0.013 -1.871 -0.505
Well behaved 0.763 0.012 -1.46 -0.140

Note: Errors of the following item were correlated in the model: Good at School with Keen to Learn

(r=0.278), Does homework without need to be reminded (r=0.399) and Creative activities (r=0.212).

Good fun/humour with Lively (r=0.353). Interested in many things with Keen to learn (r=0.251).

Caring/Kind-hearted with Affectionate (r=0.215) and Generous (r=0.204). Keep his/her bedroom tidy

with Helps around(r=0.272) and Does homework without need to be reminded (r=0.208). Well

behaved with Polite (r=0.178). Affectionate with Generous (r=0.223). Creative activities with Does

homework without need to be reminded (r=0.249).
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Supplementary Table S2

Table S2. Confirmatory Factor Analysis of Performance in Academic Subjects from Child

Behaviour Checklist

Factor Loadings SE Thresholds
Bl B2 B3
Portuguese/Literature 0.876 0.006 -1.421 -0.779 0.898
History/Social Studies 0.904 0.005 -1.563 -0.978 0.999
Mathematics 0.690 0.012 -1.484 -0.732 0.721
Science 0.887 0.005 -1.610 -1.023 0.978
Geography 0.928 0.004 -1.591 -1.034 1.034
English/Spanish 0.735 0.015 -1.484 -0.940 0.957
Computer course 0.662 0.024 -1.844 -1.429 0.696
Biology 0.888 0.015 -1.259 -0.891 1.091

Note: Errors of the following item were correlated in the model: English/Spanish with

Biology (0.198), Computer course with Biology (0.170), English/Spanish with Computer

course (0.202).
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