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Abstract

The categorical approach of diagnosing mental disorders entails the problem of frequently occurring comorbidities, sug-
gesting a more parsimonious structure of psychopathology. In this study, we therefore aim to assess how affective dysregu-
lation (AD) is associated with attention-deficit/hyperactivity disorder (ADHD) and oppositional defiant disorder (ODD)
in children. To assess AD in children aged 8—12 years (n=391), we employed the parent version of a newly constructed
parent rating scale. Following item reduction, we conducted exploratory and confirmatory factor analyses to establish a
factorial structure of AD. One core dimension was identified, comprising irritability and emotional impulsivity, and two
smaller dimensions, comprising positive emotionality and exuberance. Subsequently, we examined five different latent
factor models — a unidimensional model, a first-order correlated factor model, a second-order correlated factor model, a
traditional bifactor model, and a bifactor S-1 model, in which the first-order factor AD-Irritability/Emotional Impulsivity
(IT) was modeled as the general reference factor. A bifactor S-1 model with the a priori defined general reference domain
AD-II provided the best fit to our data and was straightforward to interpret. This model showed excellent model fit and
no anomalous factor loadings. This still held true, when comparing it to bifactor S-1 models with ADHD/ODD-related
reference factors. Differential correlations with emotion regulation skills and the established Parent Proxy Anger Scale
validate the interpretation of the different dimensions. Our results suggest that irritability/emotional impulsivity might be
a common core feature of ADHD and ODD.
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The classification of psychiatric symptoms into categorical
mental disorders, as is currently the case in the 5th edition of
the Diagnostic and Statistical Manual of Mental Disorders
(DSM-5; American Psychiatric Association [APA], 2013)
and the 11th editions of the International Classification of
Diseases (ICD-11; World Health Organization [WHO],
2020), is useful for many reasons. It is useful for research,
as the nosology makes it possible to integrate empirical find-
ings, allows for communication and comparison of research
findings, and guides further empirical studies. Ultimately,
moreover, this research guides treatment. The categorical
approach of classifying mental disorders brings the advan-
tages of identifying risk and protective factors, of enabling
prognoses, and of deciding which form of treatment has the
best chance of success for a particular disorder (Caspi et al.,
2014; Malhi & Bell, 2019).

However, one of the major challenges inherent in the
categorical approach is the observation that comorbidi-
ties are the rule rather than the exception. Newman et al.,
(1998) found that comorbidities roughly conform to the rule
of 50%, describing that half of individuals meeting diag-
nostic criteria for one disorder also meet criteria for a sec-
ond disorder at the same time; and of these, 50% meet the
criteria for a third mental disorder, and so on. Approaches
attempting to explain this non-negligible number of comor-
bidities have focused either on the underlying etiological
mechanisms in a bottom-up fashion (e.g. Research Domain
Criteria [RDoC] by the National Institute of Mental Health;
Cuthbert & Insel 2013; Insel et al., 2010) or on the observed
pattern of covariation among psychopathological symptoms
and traits in a top-down fashion (e.g. Hierarchical Tax-
onomy of Psychopathology [HiTOP]; Kotov et al., 2017).
Though the RDoC and HiTOP differ in their approach to
the reorganization of psychopathological symptom com-
plexes, they pursue the same goal of moving away from
diagnostic categories (Michelini et al., 2021). The neuro-
scientific RDoC approach aims to elucidate biobehavioral
systems underlying a range of mental disorders (Cuthbert
& Insel, 2013; Insel et al., 2010; Michelini et al., 2021).
The approach is based on the assumption that mental dis-
orders are, in fact, disorders of brain circuits, whose (dys-)
functions can be assessed with neuroscientific tools, which
will ultimately yield biosignatures that improve the under-
standing of the associations between symptom complexes
(Insel et al., 2010). The extensively researched dimensional
framework HiTOP (Kotov et al., 2017) aims to incorporate
broader dimensions, potentially explaining comorbidity, as
well as specific dimensions, accommodating heterogene-
ity within a disorder as well as symptom overlap between
disorders (Kotov et al., 2017; Michelini et al., 2021). As
both approaches come with some disadvantages (RDoC:
large number of symptoms requiring clinical attention are
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missing (Michelini et al., 2021); HiTOP: underlying bio-
logical mechanisms are not considered), Michelini et al.
(2020) proposed a promising RDoC-HiTOP interface, in
which psychometrically robust clinical targets are suggested
by HiTOP and can then be examined in terms of potential
biological underpinnings.

While a more parsimonious, dimensional approach of
classifying mental disorders comes with many advantages,
it is not without criticism (Carragher et al., 2015; Ruggero et
al., 2019; Zimmerman, 2021). As the ultimate goal of psy-
chopathological classification systems is the selection and
application of the ideal treatment, a restructuring of the clas-
sification system would have to improve precisely this pro-
cess. The necessary relearning and retraining would require
a significant amount of time and money (Zimmermann
2021, Carragher 2014) and it remains to be seen whether
this process is worth the increased resources, as patients
may show a considerable response to non-specific treat-
ment aspects, independent of their diagnosis (Zimmermann,
2021). Related to this, due to time constraints, it might be
difficult for acute settings to employ a fully dimensional
approach (Ruggero et al., 2019). While an accurate classi-
fication system is undoubtedly of interest, and the relearn-
ing process would only be a temporary issue, the impact it
would have on clinical outcomes will have to be evaluated.

In this article, we focus on affective dysregulation (AD)
and how it might potentially explain the frequently observed
comorbidities between attention-deficit/hyperactivity disor-
der (ADHD) and oppositional defiant disorder (ODD). AD
is a criterion for many diagnoses in children in the DSM-5
(APA, 2013) and the ICD-11 (WHO, 2020), and is therefore
often characterized as a transdiagnostic dimension (Evans et
al., 2017). It is generally understood as entailing an affective
component (anger) and a behavioral component (aggression;
Leibenluft & Stoddard 2013). Precise definitions differ, and
range from rather narrow to very broad conceptualizations,
leading to reported prevalence rates between 0.8% and 6.6%
(Brotman et al., 2006; Copeland et al., 2013; Holtmann et
al., 2008). Though the terms irritability, AD, and emotion
dysregulation are sometimes used interchangeably when
referring to the same or a highly similar construct (Evans
et al., 2017; Leibenluft, 2011; Shaw et al., 2014), the mere
definition of AD based on irritability is rather restricted, as
emotion dysregulation and AD generally also include at
least an impulsive component. In their influential review on
irritability, Evans et al., (2017) summarized that irritabil-
ity constitutes a diagnostic or at least an associated feature
of a large number of psychological conditions, in particular
but not limited to internalizing disorders such as depression
and general anxiety disorder, and may be able to explain
a good proportion of the frequently found comorbidities in
children and adolescents. The authors also concluded that
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particularly children with a combination of irritability with
anger and temper outbursts, which corresponds to the defi-
nition of AD as entailing an affective as well as a behavioral
component, show a pattern of correlates and outcomes dif-
ferentiating them from other children with the same diag-
nosis. These findings led them to suggest that instead of an
independent diagnosis for the combination of irritability and
temper outbursts, a more parsimonious solution is needed
(Evans et al., 2017). Compared to irritability, AD might
therefore serve as an even more transdiagnostic concept, as
irritability shows especially strong associations with disor-
ders within the internalizing spectrum (Evans et al., 2017),
whereas temper outbursts and impulsivity are, by definition,
associated features of externalizing disorders. The addition
of impulsivity might also be of particular interest given
that in the majority of published associations, the p-factor
is interpreted as a general tendency to react impulsively
(Carver et al., 2017). AD-associated impulsivity differs
from ADHD-associated impulsivity insofar as it contains
an emotional component (e.g. “often loses temper”) that is
not inherent in ADHD-associated impulsivity (e.g. “talks a
lot”), which is so closely associated with hyperarousal that
they are counted as one dimension in the DSM-5 (APA,
2013). The concept of emotional impulsivity has previously
been suggested as an additional feature to the two estab-
lished ADHD dimensions inattention and hyperactivity/
impulsivity (Barkley & Fischer, 2010) and has been defined
as “impatience, low frustration tolerance, hot-temperedness,
quickness to anger, irritability and easily emotional excit-
ability” (Barkley & Fischer, 2010, p.503), which closely
corresponds to our definition of AD-associated impulsiv-
ity In this article, AD-associated emotional impulsivity and
ADHD-associated impulsivity will therefore be treated as
two separate constructs, in line with the general notion that
impulsivity might be more of an “umbrella concept” (Berg
et al.,, 2015, p.1129) referring to a large yet not definitively
known number of dimensions (Berg et al., 2015).

AD symptomatology still poses a challenge for diagnos-
tic classification systems (Evans et al., 2017). It is related to
the DSM-5 (APA, 2013) diagnosis of disruptive mood dys-
regulation disorder (DMDD; Waltereit et al., 2019) as both
concepts include chronic irritability as well as emotional
impulsivity. As opposed to the broad, dimensional concept
of AD symptomatology, DMDD is defined as a distinct cat-
egorical disorder. This has been strongly criticized (Evans
etal., 2017; Lochman et al., 2015), as studies have failed to
show a clear distinction from numerous other disorders, and
mainly from ODD and ADHD (Evans et al., 2017). Based
on recommendations by Lochman et al., (2015) and Evans
et al., (2017), the ICD-11 (WHO, 2020) refrained from
including AD symptomatology as a distinct categorical dis-
order and instead added a specifier of chronic irritability to

the ODD diagnosis. The categorical conceptualization in
the ICD-11 (WHO, 2020) and the DSM-5 (APA, 2013) is
therefore countered by a dimensional view insofar as AD
symptomatology is seen as a feature that is present in most
individuals to varying degrees as well as a transdiagnostic
feature in several psychopathological symptom complexes
(Brotman et al., 2017). The same most likely holds true for
ODD and ADHD symptomatology, as has been shown by a
number of studies applying latent factor analyses in clinical
and community samples to examine the underlying struc-
ture of these two disorders Burns et al., 2020; Junghénel et
al., 2020; Thone et al., 2021).

Previous studies assessing the comorbidities between
ADHD and ODD have frequently applied bifactor or
higher-order factor models to specify a common overarch-
ing factor Burns et al., 2020; Junghénel et al., 2020; Thone
etal., 2021; Waldman et al., 2021). Of the two ODD dimen-
sions, particularly the dimension of defiant behavior has
often being linked to ADHD (Evans et al., 2017; Stringaris
& Goodman, 2009; Waldman et al., 2021). Emotion regula-
tion, a concept that is inherent to all of the aforementioned
symptom complexes, might explain the strong associations
that are frequently found on this level (Ambrosini et al.,
2013; Shaw et al., 2014). Similarly, in their trait-impulsivity
theory, Beauchaine et al., (2010) suggested, that impulsivity
combined with emotion dysregulation might be predeces-
sors of the comorbid expression of ADHD and ODD.

Due to its particularly close associations with ADHD
and ODD, AD may help to explain the frequently found
comorbidities between these two disorders (Willcutt, 2012).
To date, DMDD is the best researched conceptualization of
chronic irritability and resembles the broad AD conceptual-
ization to some extent, as it includes irritability as well as
emotional impulsivity. For DMDD, strong associations with
ODD and ADHD have been reported (Copeland et al., 2013;
Evans et al., 2017; Leibenluft, 2011; Mayes et al., 2016;
Mulraney et al., 2016). ADHD has been associated with the
two main components of AD symptomatology separately as
well. Barkley & Fischer (2010) identified emotional impul-
sivity as an important add-on concept to the ADHD diag-
nosis. In addition, (Karalunas et al., 2019) found ADHD
symptomatology to be associated with irritability and iden-
tified a subgroup of children with ADHD and irritability
that could not be reduced to the combination of ADHD and
ODD. This finding led the authors to suggested a specifier
of irritability to the ADHD diagnosis. Similarly, Eyre et
al., (2017) showed that almost all children with an ADHD
diagnosis displayed at least one symptom of irritability.
Regarding AD and ODD symptomatology, the chronicity of
irritability and the severity of temper tantrums supposedly
differentiate AD from ODD. The close proximity between
DMDD and ODD can also be seen in the DSM-5, where a
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diagnostic hierarchy does not allow for an additional ODD
diagnosis once the criteria for DMDD are fulfilled. The rea-
son for the frequent diagnostic and clinical overlap between
ODD and DMDD might lie in the current conceptualization
of ODD. A number of independent research groups have
demonstrated that ODD consists of at least two different
dimensions — irritability and defiant/argumentative behav-
ior, which lead to differential outcomes (Evans et al., 2017).
The current conceptualization of ODD appears to confound
these two frequently co-occurring but distinct dimensions
(Runions et al., 2016). This combination of dimensions into
a categorical diagnosis is a hallmark of the current classifi-
cation systems and is contrasted by approaches attempting
to explain comorbidities between diagnoses by reorganiz-
ing symptoms constituting DSM-5/ICD-11 diagnosis into
dimensions and to model their associations with one another
(e.g. HITOP; Kotov et al., 2017). Further research is nec-
essary to examine the exact composition of AD symptom-
atology and its association with dimensions of ODD and
ADHD. As we were interested in the broad spectrum of AD
and not in a specific diagnosis or conceptualization, for the
purpose of the present study it seemed most appropriate to
employ a broad definition of AD symptomatology, assess-
ing all potentially associated features.

One method to address the research question of how
(dimensions of) mental disorders are related to one another
is latent factor analysis. Latent factor analysis can highlight
core dimensions accounting for observed symptomatology
and comorbidity between disorders (Eaton, 2015) and has
been applied with increasing frequency within psychologi-
cal research in recent years. Applying latent factor analy-
sis also enables us to move away from diagnostic-level to
symptom-level analyses, contributing to the development of
potentially more valid and parsimonious nosologies (Eaton,
2015). In particular, higher-order factor models and bifactor
models, which decompose true score variance and assign it
to a general (g-) or a specific (s-) factor have provided use-
ful insights into the latent factor structure of psychopathol-
ogy (Eid et al., 2017). The variety of latent factor models
come with advantages and disadvantages, provide differen-
tial information, and can therefore answer different kinds of
research questions. In the following, we will briefly outline
the kind of models, also employed in this study, that are
frequently used to answer research questions related to the
overall theme of examining associations between dimen-
sions of mental disorders. First-order correlated factor
models (CFO) are a good basis for higher-order models and
yield initial insights into how the dimensions or disorders
are related to one another (Eid, 2020). In our case, assess-
ing AD, ODD, and ADHD dimensions, such models would
allow us to examine to what degree these dimensions are cor-
related. If high correlations between dimensions are found,
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the CFO ends up being an incomplete model, as correla-
tions between dimensions are left unmodeled. These corre-
lations can then either be accounted for in a unidimensional
model (i.e., assuming that an externalizing spectrum, which
has been found frequently, though with different subfacets
(Kotov et al., 2017; Krueger et al., 2005) captures the corre-
sponding symptomatology better than the distinct diagnoses
ADHD, ODD and AD) or a model that assumes some sort
of overarching factor. The models with an overarching fac-
tor are either higher-order factor models, such as the HiTOP
(Kotov et al., 2017), or bifactor models, which model an
additional first-order factor instead of a higher-order factor,
which is associated with the ifems from all dimensions. The
idea behind bifactor models is that “only with the general
factor variance removed can we have a clear window into
the remaining covariance patterns among the symptoms in
our measure. Only with specific measures unconfounded by
the general factor can we have a clear window into the etio-
logical or prognostic associations” (Hartman, 2021, p.72).
However, despite the popularity of these models, it often
remains unclear what this so-called g-factor really stands
for (Heinrich et al., 2020). Additional problems include the
proportionality constraint in the higher-order factors model,
which describes the problem that, by definition, all items
from one dimension show the same association ratio with
the lower- and higher-order factors (Brunner et al., 2012;
Gignac et al., 2016), whereas in bifactor models, associa-
tions between the s-factors as well as between the g- and
the s-factors cannot be assessed as they are constrained
to zero. In addition, bifactor models often yield weakly
defined s-factors and interpretation difficulties of the fac-
tors and their relation to one another arise due to anomalous
factor loadings, such as negative or non-significant factor
loadings or variances (Burns et al., 2020; Eid et al., 2017).
A relatively new version of a bifactor model — the bifactor
S-1 model — offers a solution to the aforementioned prob-
lems. By modeling one of the s-factors as a general refer-
ence factor (i.e. there is no s-factor modeled for items of
the reference factor), there are now “pure indicators of the
general factor” (Markon, 2021, p.67). The choice of this ref-
erence factor should be theoretically derived or correspond
to a domain of greater interest (Eid, 2020). The remaining
s-factors are orthogonal to this general reference factor and
are allowed to correlate with each other (Eid et al., 2017).
The bifactor S-1 model therefore allows for a straightfor-
ward interpretation of the g- and s-factors as well as their
relations to one another. The initial goal of bifactor models
to identify a general overarching psychopathology factor
has to be dismissed when applying this version of the bifac-
tor model. Nevertheless, it appears that traditional bifactor
models cannot reach this goal either, and frequently lead to
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a misinterpretation of the g-factor as a general psychopa-
thology factor (Heinrich et al., 2020).

Aim of Study

The current study aimed to establish a factorial structure of
AD and to examine how AD relates to the defiant dimen-
sion of ODD and ADHD. As ODD has been shown to con-
sist of a defiant and an irritable dimension and irritability
is a main component of AD, we only assessed associations
of AD with the defiant dimension of ODD (ODD-D). For
ADHD, associations with inattention (ADHD-IN) and
hyperactivity/impulsivity (ADHD-HI) were examined. In
a first step we assessed item descriptive statistics and item
redundancy in order to shorten the AD questionnaire, which
in its original form was a combination of items from several
existing questionnaires assessing AD. This was followed by
exploratory (EFA) and confirmatory factor analyses (CFA)
to establish the factorial structure of AD. In a next step,
we examined five different latent factor models (Fig. 1):
(a) a unidimensional model, corresponding to the idea of
a general externalizing spectrum, in which all items from
all dimensions loaded onto one common overarching fac-
tor (Uni), (b) a correlated factor model with the aforemen-
tioned correlated first-order factors (CFO) to assess the
associations between dimensions, (c) a second-order factor
model, in which these first-order factors loaded onto one
second-order factor (SOF), (d) a bifactor model, in which
the items from all dimensions loaded onto one general fac-
tor as well as onto one specific factor (BI), and (e) a bifac-
tor S-1 model, in which we suggest the core AD-factor,
which we presumed to be describing irritability/emotional
impulsivity, as a candidate for the general reference factor
(BI S-1). Importantly, at this step, any dimension of inter-
est could have been chosen as the general reference factor.
We chose the core AD dimension, as previous studies have
frequently found measures of emotional impulsivity, a con-
cept closely related to AD symptomatology, to be strongly
associated with the p-factor and to predict the onset and
progression of symptoms (Carver et al., 2017). In line with
this, Beauchaine et al., (2010) suggested emotion dysregu-
lation/impulsivity as a predecessor of the combined presen-
tation of ADHD and ODD, contributing to the hypothesis
of AD core symptomatology serving as an ideal candidate
for the general reference factor of AD, ODD and ADHD.
Subsequently, we examined the associations of the different
dimension with emotion regulation skills, assessed using
the German FRUST questionnaire as well as the Parent
Proxy Anger Scale, which is part of the Patient-Reported
Outcomes Measurement Information System (PROMIS;
Irwin et al., 2012). In a final step, in order to validate our

assumption of AD core symptomatology serving as an ideal
reference factor, we tested competing hypotheses, i.e. mod-
els with ODD-D, ADHD-IN, or ADHD-HI as alternative
general reference factors. Since AD symptomatology is cur-
rently conceptualized as a specifier to the ODD diagnosis
in the ICD-11 (WHO, 2020), it seemed important to assess
ODD-D as a general factor as well. As for ADHD, the find-
ing of Karalunas et al., (2019) regarding a specifier of irri-
tability to the ADHD diagnosis and the results of Barkley &
Fischer (2010) of emotional impulsivity being an important
add-on concept to the ADHD diagnoses, led us to the deci-
sion to also test the hypotheses of both ADHD dimensions
serving as the general reference factor.

Hypotheses

1) Item reduction: As items were taken from several exist-
ing questionnaires assessing broad AD symptomatology
in children, we expected the results of item descriptive
statistics and item redundancy to allow for a shorten-
ing of the newly developed 38-item AD questionnaire
before further validating it.

2) Factorial structure of AD: In line with the conceptual-
ization of AD symptomatology as a specifier of irrita-
bility/anger suggested by Evans et al., (2017) and as
DMDD (DSM-5, APA, 2013), we expected to identify
an AD-core factor, defined by items describing irrita-
bility and emotional impulsivity. As items were taken
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Fig. 1 Latent Factor Models of AD, ADHD and ODD Dimensions.
(Fig. 1a Unidimensional model (Uni), b Factor model with six corre-
lated first-order factors (CFO), ¢ Factor model with six correlated first-
order factors and one second-order factor (SOF), d Bifactor model
(BI) e Bifactor S-1 model (BI S-1)

Note. In 1b and le, all first-order factors are allowed to correlate
(indicated by dotted arrows). Item numbers are displayed in the boxes
and residuals are not shown for clarity of presentation. AD =affec-
tive dysregulation, II=irritability/emotional impulsivity, PE=posi-
tive emotionality, EX =exuberance, ADHD = attention-deficit/hyper-
activity disorder, IN=inattention, HI=hyperactivity/impulsivity,
ODD-D =oppositional defiant disorder — only defiant dimension)

. . I .
[ [ s |[ cwar | owow | Grar | e |

@ Springer



684

Journal of Psychopathology and Behavioral Assessment (2022) 44:679-697

Table 1 Sample and Descriptive Statistics

Sample Statistics

Total sample n=391
Age: mean (SD) 10.64
(1.33)
Male: n (%) 220
(56)
Group [n (%)]
AD 244
(62)
NoAD 147
(33)
Diagnoses [n (%)]
DMDD 41 (11)
ODD 93 (24)
ADHD 62 (16)
ADHD, combined type 19 (5)
ADHD, predominantly inattentive type 30 (8)
ADHD, predominantly hyperactive-impulsive type 13 (3)
CD 6(2)
MD 5(1)
Comorbid diagnoses [ (%)]
AD+ODD 93 (24)
AD+ADHD 61 (16)
AD + ADHD, combined type 19 (5)
AD +ADHD, predominantly inattentive type 29 (7)
AD +ADHD, predominantly hyperactive-impulsive type 13 (3)
AD+CD 6(2)
AD+MD 5(1)
Dimensional Statistics
Dimension (7 =386-390) M o
(SD)
AD-irritability/emotional impulsivity .13 0.96
(0.55)
AD-positive emotionality 223 072
(0.49)
AD-exuberance 0.89  0.81
(046)
ADHD-inattention 093 094
(0.79)
ADHD-hyperactivity/impulsivity 0.56  0.92
(0.63)
ODD-defiant dimension 0.68 0.84
(0.64)
FRUST-adaptive emotion regulation strategies 2.00 0.89
(0.72)
FRUST-maladaptive emotion regulation 1.61  0.78
strategies (1.00)
PROMIS 1.40 091
(0.93)

Note. AD =affective dysregulation, ADHD = attention-deficit/hyper-
activity disorder, DMDD =disruptive mood dysregulation disor-
der, ODD=oppositional defiant disorder, CD=conduct disorder,
MD =major depressive episode, M=mean, SD =standard deviation,
a=Cronbach’s Alpha, FRUST = “Questionnaire on the regulation of
unpleasant moods in children” (Fragebogen zur Regulation unan-
genechmer Stimmungen von Kindern), PROMIS = Patient-Reported
Outcomes Measurement Information System - Parent Proxy Anger
Scale
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from several questionnaires, assessing a broad range of
AD symptomatology in children, we expected to find
smaller AD-factors in addition to that core factor.

3) Latent factor analysis of AD, ADHD and ODD symp-
tomatology: We expect the extension of our theoreti-
cally derived bifactor S-1 model to AD symptomatology
with AD-core symptoms as ‘pure indicators’ of the
reference factor to fit the data best in terms of global
model fit indices, the significance of factor loadings and
general interpretability. This is consistent with previous
studies showing the clear interpretability of the bifac-
tor S-1 model when assessing the structure of ADHD
and ODD (Burns et al., 2020; Junghéinel et al., 2020;
Thoéne et al., 2021). On top of that, this approach adds to
previous findings reporting high comorbidities between
AD, ADHD and ODD symptomatology (Evans et al.,
2017; Eyre et al., 2017; Mulraney et al., 2016) and a
strong association of irritability with ADHD and ODD
(Ambrosini et al., 2013; Shaw et al., 2014).

4) Divergent and convergent validity: We expected to find
differential correlations of all AD, ADHD and ODD
dimensions with emotion regulation strategies as well
as the PROMIS Parent Proxy Anger Scale, thus sup-
porting the external validation of our model.

5) Comparison of reference factors: Based on studies sug-
gesting measures of emotional impulsivity, which are
strongly related to AD core symptomatology, as an ideal
candidate for our general reference factor (Beauchaine
et al., 2010; Carver et al., 2017), we expected the bifac-
tor S-1 model with the reference factor AD-II to provide
a better fit to the data in terms of explained common
variance of the reference factor, global model fit, and
the pattern of factor loadings, compared to models with
the reference factors ODD-D, ADHD-IN or ADHD-HI.

Methods
Participants and Procedure

Data collection took place within the ongoing ADOPT
(Affective Dysregulation in Childhood—Optimizing Pre-
vention and Treatment; Dopfner et al., 2019) study. The
ADOPT project is a multicenter research project encom-
passing Seven study centers located in Germany and the
six subprojects coordination, epidemiology, neurobiol-
ogy, online, treatment and institution. It entails several
measurement time points (Dopfner et al., 2019). The aim
of this multicenter study was to optimize clinical diagnos-
tics, prevention and treatment of AD and investigates an
evidence-based, individualized treatment program based
on behavioral interventions for children with AD. For the
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present study, we analyzed baseline data (T1) of a sample
screened in the community, collected between August 2018
and September 2019, which included 391 children aged
812 years (M=10.6, SD=1.3; 56.3% males). An initial
screening, obtained through a parent screening question-
naire, categorized participants into an AD and a NoAD
group. Children with AD symptoms in the top 10% of the
sample were allocated to the AD group, children with AD
symptoms in the bottom 10% of the sample were allocated
to the NoAD group (for further details regarding the screen-
ing procedure see Otto et al., 2022). All families in the AD
group were then offered further participation in the ADOPT
study. A random sample was drawn from the NoAD group.
Clinical child and parent interviews (Gortz-Dorten, Dopfner
& Thone, 2022) were conducted with participating families.
AD/NoAD group assignment was confirmed through the
clinical parent interview. Main inclusion criteria include the
age of the child (8;0—12;11 at T1), the residence of the child
(child lives with at least one natural or adoptive parent), and
clinician-rated AD symptomatology of the child (based on
the clinical parent interview) as well as the families’ will-
ingness and ability to participate in the study. As can be seen
in Tables 1 and 244 (62.4%) of study participants were cate-
gorized into the AD group. Regarding additional diagnoses,
41 study participants (10.5%) fulfilled the DSM-5 criteria
for DMDD, 93 (23.8%) for ODD, 62 (15.9%) for ADHD,
six (1.5%) for CD and five (1.3%) for a major depressive
episode (MD). In almost 100% of ODD, ADHD, MD and
CD comorbid AD was present (Table 1). All diagnoses
were based on clinical interviews (Gortz-Dorten, Dépfner
& Thone, 2022), which are part of the Diagnostic System
of Mental Disorders in Children and Adolescents based
on the ICD-10 and DSM-5 [Diagnostik-System fiir psy-
chische Storungen nach ICD-10 und DSM-5 fiir Kinder und
Jugendliche — III] (DISYPS-III; Dépfner & Gortz-Dorten
(2017).

Measures

FBB-ADHS/FBB-SSV

The mothers or fathers of the 391 participants completed the
German Symptom Checklist for Attention-Deficit/Hyperac-
tivity Disorder (Fremdbeurteilungsbogen fiir Aufmerksam-
keitsdefizit-/Hyperaktivititsstorungen, FBB-ADHS) as
well as the Symptom Checklist for Disruptive Behavior
Disorders (Fremdbeurteilungsbogen fiir Storungen des
Sozialverhaltens; FBB-SSV) from the DISYPS-III (D&p-
fner & Gortz-Dorten, 2017). Both rating scales are based
on the symptom criteria of the DSM-5 and ICD-10. The
FBB-ADHS assesses IN symptoms with nine items and HI

symptoms with eleven items. All items are rated on a 4-point
Likert scale (0 [not at all) — 3 [very much]). The FBB-SSV
assesses ODD, CD and callous-unemotional symptoms.
Following the questionnaire’s instruction to assess CD and
CU symptoms only for children aged eleven or older, we
only used the items assessing ODD for the present study. To
avoid symptom overlap, and as we were interested in how
dimensions of psychopathology (similar to HiTOP; Kotov
et al., 2017) might be able to explain comorbidities between
current diagnostic categories such as ADHD and ODD, we
only considered five of the items, which assess the defi-
ant dimension of ODD (ODD-D), as the other three ODD
symptoms of the FBB-SSV assessing the irritability dimen-
sion were already included in the assessment of AD. Both
questionnaires have shown good psychometric properties in
terms of reliability and validity of the scale scores (Dopfner
et al., 2008; Erhart et al., 2008; Gortz-Dorten et al., 2014).

DADYS parent rating

The parent version of the DADY'S [Diagnostikum fiir Affek-
tive DYSregulation (Diagnostic System for Affective Dys-
regulation)] is used to assess AD and comprises 38 items
from several existing questionnaires assessing irritability/
anger and affective dysregulation/emotional regulation in
general. Items from the DADYS included in the present
analysis were taken from the Emotion Regulation Check-
list (Shields & Cicchetti, 1997), the FBB-SSV (Ddpfner
& Gortz-Dorten, 2017) and the Affective Reactivity Index
(Stringaris et al., 2012). All items are rated on a 4-point Lik-
ert scale (0 [not at all) — 3 [very much]).

PROMIS parent Proxy anger scale

The Parent Proxy Anger Scale is part of the Patient-Reported
Outcomes Measurement Information System (PROMIS;
Irwin et al., 2012) and entails five items assessing rage and
anger in children. Items are rated by the parent on a 5-point
Likert scale, ranging from 0 (never) to 4 (almost always).
The scale score of the Anger Scale has shown good psycho-
metric properties (Varni et al., 2012).

FRUST

The “Questionnaire on the regulation of unpleasant moods
in children” (Fragebogen zur Regulation unangenehmer
Stimmungen von Kindern; FRUST) by (Gortz-Dorten
et al., 2019, unpublished manuscript) is adapted from the
FEEL-KJ questionnaire (Grob & Smolenski, 2005), which
is frequently applied to assess emotion regulation skills
in children and adolescents. As opposed to the FEEL-KJ,
which assesses the regulation skills for fear, anger and
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sadness separately with 30 item per emotion (“If I am
scared, I...”/”If I am angry, [...”/”If I am sad, I...”) the
FRUST assesses the regulation of unpleasant emotions in
general with 30 items all together (“If I feel bad, I...”) We
additionally designed and validated a parent version of the
FRUST, which was used in this study. This version con-
tained only 14 items, as we excluded items assessing pri-
marily internal processes that are difficult to observe from
the outside. The FRUST showed good psychometric quali-
ties (Junghénel et al., in preparation). Items are rated on
a 5-point Likert-scale ranging from 0 (almost never) to 4
(almost always). A two-factorial structure of the FRUST has
been established, consisting of one adaptive emotion regula-
tion factor (FRUST-A; 10 items) and one maladaptive emo-
tion regulation factor (FRUST-M; 4 items) (Junghinel et
al., in preparation). The internal consistency was good, with
Cronbach’s 0.=0.89 for FRUST-A and a=0.78 for FRUST-
M (Junghénel et al., in preparation).

Statistical analyses

For descriptive analyses and calculations of internal con-
sistency, we used SPSS version 26. All other analyses were
conducted using Mplus version 8.4 (Muthén & Muthén,
2017). We used the weighted least square mean and vari-
ance adjusted (WLSMV) estimator (delta parameteriza-
tion), which is suggested for modeling ordinal data and does
not assume normally distributed variables (Li, 2016). Miss-
ing data were handled with the Mplus default strategy pair-
wise deletion. Due to increasing computational demands
in analyses with five or more factors, the full information
maximum likelihood (FIML) estimation has been found
to be impracticable (Forero & Maydeu-Olivares, 2009). In
addition, global model fit cannot be assessed in most cases
with Mplus when fitting ordinal factor analysis models with
FIML (Shi et al., 2020). In the case of a low number of
missing values, high reliability of the scales, as well as the
assumption that missing values are missing completely at
random, which all held true in our study, pairwise deletion
has been found to work well (Shi et al., 2020; Tsikriktsis,
2005). The amount of missing data per item was below 1%
for all items. Covariance coverage was above 0.995 for all
items.

For the SOF model, we applied the Schmid-Leiman
transformation, which is a mathematical transformation of
the standardized factor loadings that can be used to estimate
the direct impact of the first-order and the higher-order fac-
tors on manifest item scores in higher-order factor mod-
els (Brunner et al., 2012; Gignac, 2016). For the impact
of the higher-order factor, the standardized factor loading
of each item was multiplied by the factor loading of the
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corresponding first-order factor on the second-order factor.
To estimate the impact of the specific first-order factor, the
factor loading of each item was multiplied by the standard
deviation of the corresponding factor (for a detailed expla-
nation see Brunner et al., 2012).

To evaluate model fit, we predominantly relied on the
comparative fit index (CFI), the Tucker-Lewis index (TLI),
the root mean square error of approximation (RMSEA) and
the standardized root mean square residuals (SRMR). For
model fit to be considered good, the CFI and TLI should
be >0.95 (Hu & Bentler, 1999) and RMSEA and SRMR
should be <0.05 (Browne & Cudeck, 1992; Hooper et al.,
2008). For adequate model fit, RMSEA and SRMR should
be <0.08 (Browne & Cudeck, 1992; Hooper et al., 2008).
Differences of >0.010 in CFI would indicate a significant
difference between global model fit (Cheung & Rensvold,
2002).

There is a vast array of indices that can be used for the
evaluation of dimensionality in bifactor models on the item
level, the factor level, and the model level (for a detailed
summary and explanation see Rodriguez et al., 2016).
Frequently reported are the omega statistics. Omega (®)
describes the amount of reliable variance accounted for by
the g-factor and all s-factors taken together, whereas omega
hierarchical (wH) describes the amount of reliable vari-
ance accounted for by the g-factor (Brunner et al., 2012;
Reise, 2012). Omega hierarchical subscale (oHS) is the
equivalent to ®H for the individual s-factors. It has been
recommended that ®H/@wHS should not be lower than 0.50
or ideally 0.75 in order to be interpreted reliably (Reise et
al., 2013). Another important index supporting the correct
evaluation of dimensionality is the explained common vari-
ance (ECV), which indicates the proportion of all common
variance explained by that factor. Bifactor-relevant indices
were calculated with the help of the Bifactor Indices Calcu-
lator by Dueber (2017).

Analytic Plan
Item reduction of the DADYS Questionnaire

For item reduction several criteria were considered: Skew-
ness, kurtosis, usage of all response categories, distribution
of responses (how often was an item answered with O or
1), item-item-correlations 7»<.30, item-item-correlations
r> .80, redundancy of item content assessed by three clinical
raters, and correspondence with DSM-5 criteria for DMDD.
For the clinical assessment of item redundancy each of the
three clinical raters created item pools, consisting of items
that they regarded to assess the same content. Items were
excluded for three reasons: 1) Exclusion due to saliences in
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descriptive statistics. Items were excluded if they showed at
least four of the following saliencies: (a) Skewness/kurtosis
larger than one/two standard deviation(s) (counted as one
and two saliences, respectively), (b) not all response catego-
ries were used, (c) salient distribution of responses (>90%
answered this item with 0 or 1), (d) the item correlated with
more than 50% (=17 items) of the other items with r<.30.
2) Exclusion due to item redundancy. Items were excluded
if they correlated with at least one other item with »>.80
and the content was additionally rated as redundant by at
least two of the three clinical raters. The selection regarding
which of the redundant items was kept in the questionnaire
was based on two aspects: If one of the redundant items
was a DSM-5 criterion for DMDD, this item was selected
to remain in the questionnaire. If none of the items rated as
redundant were DSM-5 criteria for DMDD, the item with the
highest number of item-item correlations »>.80 was kept in
the questionnaire. 3) Exclusion due to low associations with
the other items. Items were excluded if they correlated with
more than 90% (=34 items) of the other items with »<.30. If
the to-be-excluded item was a DSM-5 criterion for DMDD,
it was kept in the questionnaire. As our assessment of AD
symptomatology is similar to, yet broader than DMDD, we
aimed for our AD construct to fully include DMDD and
therefore decided to keep the previously evaluated DSM-5
criteria for DMDD in our questionnaire whenever possible.

Exploratory and confirmatory factor analysis of the DADYS
Questionnaire

For EFA and CFA, items were treated as ordinal and the
WLSMYV estimator was used. In a first step, the sample was
divided randomly in two groups, each containing n=195
children. We then applied EFA in one half of the sample
with a principal axes factor analysis, as we did not expect
for all variance to be explained by the extracted factors. We
chose the oblique GEOMIN rotation, which allows for cor-
relations between factors. EFA is advantageous in situations
where no clear established structure for a construct exists,
as cross-loadings are freely estimated, which can provide
novel insight into the data structure. We then applied CFA in
the other half of the sample in order to examine if the previ-
ously extracted factorial structure of AD can be confirmed.
We additionally let Mplus calculate modification indices
(MI) to suggest potential changes to our model, which were
carefully checked and assessed with regard to content-based
meaningfulness in every case.

Confirmatory factor analysis of AD, ADHD and ODD
dimensions

In a next step, items from all AD-dimensions, ADHD-IN,
ADHD-HI and ODD-D were tested in a unidimensional
model (Uni), a first-order correlated factor model (CFO),
a second-order correlated factor model (SOF), a traditional
bifactor model (BI) and a bifactor S-1 model (BI S-1) to
examine how AD symptomatology was associated with
ADHD and ODD dimensions (Fig. 1).

Associations with External correlates

To externally validate our factorial structure, correlations of
the dimensions of our optimally fitting model with the PRO-
MIS Parents Proxy Anger Scale as well as with the FRUST-
A and the FRUST-M were calculated.

Comparison of reference factors

In addition to the previously examined BI S-1 model, which
had AD-II as reference factor, we additionally tested three
bifactor S-1 models with ODD-D (BI S-1; ODD-D), ADHD-
IN (BI S-1; ADHD-IN) and ADHD-HI (BI S-1; ADHD-HI)
as reference factors.

Results
Descriptive information

Descriptive information can be found in Table 1. Internal
consistencies for all scales, including the reduced ODD-D
scale, were good (a=0.72).

Item reduction

The exclusion process with all its criteria can be found in
Table S1. Seven items (10, 12, 16, 18, 19, 24 and 30) ful-
filled the criteria for previously described salient descriptive
statistics. We excluded all of these items with the exception
of item 30 (“prolonged physically aggressive tantrums”)
as this item was included in the DSM-5 as a criterion for
DMDD and therefore of interest to keep in the question-
naire. Four items (8, 26, 36, 37) were excluded due to item
redundancy. Of the items that correlated highly with one
another we kept item 29 as this was included in the DSM-5
as a criterion for DMDD. One item (23) was excluded as it
showed low item-item correlations of »<.30 with at least
90% of the other items. Altogether, we excluded eleven
items and reduced the DADYS questionnaire from 38 to 27
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items selected fur further validation, thus confirming our
first hypothesis.

Factorial structure of AD

The three factor-solution of the EFA in one half of the sam-
ple was the first that yielded good model-fit (CFI1=0.988,
TLI=0.985, RMSEA=0.056 (90% CI: 0.046-0.066),
SRMR =0.052) and clear interpretability of the factors.
Factor 1 constitutes the AD-core factor and comprises 18
items describing irritability and emotional impulsivity (AD-
II). Factor 2 is composed of five items, describing positive
emotionality (AD-PE), whereas the four items of factor 3
characterize exuberance (AD-EX), which in distinction to
impulsive behavior is free of value and also comprises posi-
tive outbursts of emotions. Factor loadings can be found
in Table S2. We found significant correlations (p<.05)

Table 2 Comparison of Model Fit Indices

Model ¥ (df) CFI TLI RMSEA SRMR
(90%
CI)
Uni 4670.937* 0918 0.914 0.083 0.095
(1272) (0.080,
0.085)
CFO 2451.262* 0.971 0.970 0.049 0.060
(1257) (0.046,
0.052)
SOF 2728.702* 0.965 0.963 0.054  0.069
(1266) (0.052,
0.057)
BI 2436.548* 0.971 0.968 0.051 0.061
(1220) (0.048,
0.053)
BI S-1 (Ref. = 2294.591*% 0.974 0.972 0.047 0.055
AD-II) (1228) (0.044,
0.050)
BI S-1 (Ref. = 2103.000* 0.979 0.977 0.043 0.049
ODD-D) (1215) (0.040,
0.046)
BI S-1 (Ref. = 2274.056* 0.975 0.972 0.047 0.052
ADHD-IN) (1219) (0.044,
0.050)
BI S-1 (Ref. = 2148.761* 0.978 0.976 0.044  0.050
ADHD-HI) (1221) (0.041,
0.047)

Note. y* = Chi-Square, df=degrees of freedom, CFI=comparative fit
index, TLI=Tucker-Lewis index, RMSEA =root mean square error
of approximation, Cl=confidence interval, SRMR =standardized
root mean square residuals, Uni=unidimensional model, CFO =fac-
tor model with six correlated first-order factors, SOF =factor model
with six correlated first-order factors and one second-order factor,
Bl =bifactor model, BI S-1=Dbifactor S-1 model (see Fig. 1), Ref. =
reference factor. AD-II=affective dysregulation — irritability/emo-
tional impulsivity, ODD-D=oppositional defiant disorder — only
defiant dimension, ADHD =attention-deficit/hyperactivity disorder,
IN =inattention, HI =hyperactivity/impulsivity

* = p<.001
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between AD-II and AD-PE (r=-.50) and AD-Il and AD-EX
(r=.38).

We then assessed the three-factor structure applying CFA
in the other half of the sample. Items 4, 5, 9 and 11 were
recoded to load positively on their respective factor. Model
fit indices were in an adequate to good range, expect for the
RMSEA (CFI1=0.964, TLI=0.961, RMSEA 0.090 (90% CI:
0.083-0.098), SRMR =0.077) and all items loaded signifi-
cantly (p <.001) on their corresponding factor (Table S3). A
careful inspection of the MI’s revealed that the two largest
MTI’s suggested allowing for the additional residual correla-
tions between items 3 (“responds positively to adults”) and
7 (“responds positively to peers”) [MI: 145.48], as well as
between items 5 (“Calms down after being angry”) and 34
(“Stays angry”’) [MI: 66.74], due to their very close proxim-
ity in content. After this adaptation, model fit indices were
all in an adequate to good range (CFI1=0.978, TLI=0.976,
RMSEA=0.071 (90% CI: 0.062-0.079), SRMR =0.066).
Items 3 and 7 as well as items 5 and 34 correlated signifi-
cantly (p<0001), with »=.70, and r=.67, respectively. The
internal consistency for all dimensions was good to excel-
lent, with Cronbach’s a ranging from 0.72 for AD-PE to 0.96
for AD-II. This stable three-factor solution with an AD-core
factor (AD-II), as well as two additional smaller AD-factors
(AD-PE; AD-EX) confirms our second hypothesis.

Latent factor analysis including ADHD and ODD

In terms of global model fit, the third hypothesis was not
supported. As indicated by the model fit indices alone, the
global model fit of the CFO, the SOF, the BI and the BI
S-1 did not differ significantly from one another. Only the
unidimensional model yielded inadequate fit and will there-
fore not be discussed further (Table 2). For the CFO model
(Table S4), all factor loadings on their respective factor
were high and significant (p<.001). All six factors corre-
lated strongly (r=—.48 to r=.85) and significantly (p <.001)
with each other (Table 3). For the SOF model (Table S4),
all factor loadings on the first-order factors were high and
significant (p <.001). As shown in Table S5, all first-order
factors loaded significantly (p<.001) on the second-order
factor (-0.70 for AD-PE to 0.90 for AD-II). All first-order
factors showed significant (p<.001) residual variance
(0.18 for AD-EX to 0.51 for AD-PE). The Schmid-Leiman
transformation (Table S6) showed that in total, item load-
ings were stronger on the second-order factor than on the
first-order factors (Mean/M] =0.61 for the second-order vs.
M =30 for the s-factors). An examination of the g/s loading
ratios revealed that this pattern was not equally pronounced
for all dimensions: The g/s loading ratio was highest for the
dimension AD-EX (2.16), followed by AD-II (2.01) and
ODD-D (1.99). The ratio was closer to 1 for the dimension
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Table 3 Correlations Between the First-Order Factors

Variable 1 2 3 4 5 6
1. AD-II -

2. AD-PE -0.71* -

3. AD-EX 0.84* -0.56* -

4. ADHD-IN 0.70* -0.54* 0.69* -

5. ADHD-HI 0.73* -0.48* 0.82* 0.79* -

6. ODD-D 0.85* —-0.64* 0.74* 0.67* 0.71* -

Note. AD =affective dysregulation, II=irritability/emotional impulsivity, PE =positive emotionality, EX =exuberance, ADHD =attention-def-
icit/hyperactivity disorder, IN =inattention, HI = hyperactivity/impulsivity, ODD-D = oppositional defiant disorder — only defiant dimension

* = p<.001

AD-HI (1.66), ADHD-IN (1.40) and AD-PE (-0.98). The
BI model yielded some anomalies, such as non-significant
factor loadings and negative residual items variances (Table
S7). The bifactor-specific indices ®H/ ®HS and ECV indi-
cated a strong g-factor and weakly defined s-factors. ®HS
ranged between 0.19 for ODD-D to 0.44 for AD-PE, thus
remaining below the recommended cut-off of 0.50 by Reise
et al., (2013). The ECV for all s-factors combined lay at
29% and ranged from 2% for ODD-D to 8% for AD-II. The
BI S-1 model showed significant factor loadings (p<.001)
and no anomalies (Table S8). Similar to the BI model, ®H/
oHS and ECV suggested a strong g-factor as well as weak
s-factors (Table 4). Compared to the BI model, ®HS values
were higher, albeit still below the recommended cut-off and
ranged between 0.26 for ODD-D and 0.47 for ADHD-IN.
The ECV for all s-factors combined lay at 30%, with values
ranging from 3% for AD-PE, AD-EX and ODD-D to 0.11%
for ADHD-HI. As shown in Table S9, some residual corre-
lations between the first-order factors remained significant
(p<.05), the two highest being the correlation between the
two ADHD dimensions (»=.58) and the correlation between
ADHD-HI and AD-EX (r=.56). The good model fit of the
BI S-1 model, the significant factor loadings of items from
all dimensions on the reference factor AD-II, the absence
of anomalous factor loadings, the remaining significant
residual correlations as well as the a priori defined general
reference factor and the resulting straightforward interpre-
tation of g- and s-factors and their relation to one another,
support our third hypothesis that the BI S-1 model captures
the data best.

Convergent and divergent validity

To assess convergent and divergent validity, we included
the PROMIS Parent Proxy Anger Scale, FRUST-A and
FRUST-M in our BI S-1 model and computed (residual)
correlations. (Table S10). The PROMIS Parent Proxy Anger
Scale correlated significantly (p <.05) with all other residual
factors, except for ODD-D. The highest correlation was
found with the reference factor AD-II (r=.90), all other
correlations were small and ranged from r=.08 to r=.14.

FRUST-A correlated significantly negative (p<.05) with
the reference factor AD-II (r=-.71) as well as the residual
factors AD-PE (r=-.46) and the PROMIS Scale (r=-.59).
FRUST-M correlated significantly (p <.05) with all residual
factors, as well as the PROMIS scale and FRUST-A. The
highest correlations were found with AD-II (r=.82), PRO-
MIS (r=.74) and FRUST-A (r=-.77). All other correla-
tions were small and ranged from r=-.08 to r=.18. The
observed differential correlations of the PROMIS scale and
emotion regulation strategies with all AD, ADHD and ODD
dimensions confirm our fourth hypothesis.

Comparison of reference factors

Out of the four BI S-1 models, the model with ODD-D as
reference factor showed the highest ECV of the reference
factor (72%), followed by the models with AD-II (70%),
ADHD-HI (64%) and ADHD-IN (60%) as reference fac-
tors. The models did not show significant differences in
model fit. The BI S-1 model with ODD-D as reference fac-
tor showed non-significant and negative factor loadings on
the s-factor AD-II. Taken together, our fifth hypothesis can
be confirmed, as the model explaining the most common
variance (BI S-1; ODD-D) showed a number of anomalous
factor loadings, with that limiting straight-forward inter-
pretability of all factors.

Discussion

In the present study, we performed item reduction of the
DADYS questionnaire, investigated the factorial structure
of AD in a sample screened in the community, includ-
ing children with and without AD, assessed associations
between AD, ADHD and ODD dimensions, examined con-
vergent and divergent validity of our dimensions and com-
pared bifactor S-1 models with different reference factors.
To establish a factorial structure of our broadly defined
AD concept, we first excluded eleven items from the ques-
tionnaire due to salient item descriptive statistics or item
redundancy. Item redundancy was to be expected as the

@ Springer



690

Journal of Psychopathology and Behavioral Assessment (2022) 44:679-697

questionnaire was created by combining items from several
questionnaires assessing AD. Some other items (e.g. “takes
pleasure in distress of others”) that were excluded due to
salient descriptive statistics may have been too negatively
connotated for our sample consisting of relatively young
children (8—12 years), about half of whom did not meet cri-
teria for AD.

Through EFA and CFA, including the process of cross-
validation, we established a stable factorial structure of AD,
which comprised one core-factor, describing irritability/
emotional impulsivity, as well as two smaller AD factors,
representing positive emotionality and exuberance. This
core factor of irritability and emotional impulsivity is in line
with the chronic irritability/anger specifier suggested by
Evans et al., (2017). Similarly, the core criteria of DMDD
are severe temper tantrums and persistent irritability or
anger, corresponding to our core-factor AD-IIL. In our sam-
ple, we could not find the differentiation between the trait
component of chronic irritability and the state component of
temper tantrums. In view of the fact that the conceptualiza-
tion and assessment of AD have not yet been unequivocally
determined, our results contribute to the standardization of
this concept and suggest a broader conceptualization, with a
strong core factor of irritability and emotional impulsivity.

In order to examine how AD relates to the externalizing
disorders ADHD and ODD and to assess whether irritabil-
ity/emotional impulsivity might be the common core feature
underlying ADHD and ODD symptomatology, we specified
our hypothesized bifactor S-1 model with ‘pure indicators’
of AD core symptomatology as general reference factor as a
potential improvement to the traditional bifactor model, as
well as four additional latent factor models to test for com-
peting theories such as the assumption of an externalizing
spectrum (Achenbach & Edelbrock, 1981) or a HiITOP-like
organization of symptoms and dimensions (Kotov et al.,
2017). High correlations between all the factors observed
in the CFO suggested a common factor connecting these
disorders within the externalizing spectrum, which we sub-
sequently assessed with a variety of models. The good to
adequate model fit of all models apart the unidimensional
model should never be understood as a “decision-maker” for
amodel, but can only help us in our decision process, mainly
by excluding models with an inadequate fit. This especially
holds true for bifactor models, which tend to overfit (Boni-
fay etal., 2017) as a result of being less restrictive compared
to other latent factor models. The unidimensional model
showing an inadequate fit suggests that a model capturing
general and well as specific aspects is better suited. Results
from the higher-order and the bifactor models demonstrate
that the specification of a common factor is justified. Com-
pared to higher-order factor models, bifactor models come
with the advantage that here, s-factors model dimensionality
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beyond the general factor, whereas in higher-order fac-
tor models, the lower-order factors model dimensionality
within the general factor (Hartman, 2021). A problem arose
from the varying loading ratios for g- and s-factors in the
SOF model, as well as the differential ECV in the traditional
bifactor model, which indicated that the associations of the
individual domains with g differed, giving rise to the ques-
tion of what this second-order g-factor really represents. As
frequently observed in bifactor models (Eid et al., 2017),
anomalous factor loadings in the traditional bifactor model
impeded the interpretation of g- and s-factors. ECV values
indicated that the g-factor did not represent all dimensions
equally well, changing its meaning from a truly general fac-
tor to a mainly AD-II/ODD defined factor. Moreover, we
found weakly defined s-factors, with ®HS values below the
recommended cut-off of .50 (Reise et al., 2013). Though
omega statistics are popular bifactor-specific indices, they
are not without criticism (for a detailed discussion regard-
ing problems with the ®HS see Rodriguez et al., 2016).
According to the ®HS values alone, s-factors are often con-
sidered unstable and are dismissed for that reason. Hartman
(2021), however, pointed out that unstable s-factors are only
a reflection of what has already been well established from
factor analytic effort — namely that dimensions free from
the dominant general factor frequently display a “chaotic
covariance structure of high instability” (p. 72). Their sug-
gestion is to use bifactor models in a top-down fashion,
choosing theoretically derived relevant item clusters, and in
a next step to the design strong measures of these s-factors,
instead of dismissing weak s-factors altogether. Interpret-
ing the usefulness of specific factors for clinical practice or
the individual research question based on other indicators
such as the ECV, in combination with theoretical consid-
erations, might therefore be a necessary first step, instead
of solely relying on predefined global cut-off values. In the
BI model, the ECV for all s-factor combined lay at 29%
after partialling out the influence of the g-factor, therefore
explaining an important part of the variance. These findings
suggest that the s-factors are still meaningful, despite not
meeting the cut-off criteria for ®HS. As we were interested
in how well AD-core symptomatology defined through irri-
tability and emotional impulsivity was able to explain the
associations between ADHD and ODD, we applied the
bifactor S-1 model with AD-II symptoms as pure indica-
tors of the general reference factor. The bifactor S-1 model
combines some of the advantages of a first-order correlated
factor model and the traditional bifactor model: It retains
the straightforward interpretability of all factors and their
relation to each other of the CFO, and allows for the specifi-
cation of a factor that explains variance common to all other
s-factors, albeit to different extents, of the traditional bifac-
tor model. In the bifactor S-1 model, all other s-factors can
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be interpreted in relation to the general reference domain.
Additionally, residual correlations can be interpreted mean-
ingfully as partial correlations. Significant factor loadings
and no anomalous results were observed, which greatly
facilitated interpretation and is in accordance with previous
studies pointing to a facilitated and less ambiguous inter-
pretation of bifactor S-1 models compared to traditional
bifactor models (Burns et al., 2020; Junghénel et al., 2020).
Regarding the omega statistics, a similar, though slightly
improved pattern compared to the traditional bifactor model
was observed. All s-factors combined explained 30% of the
variance in this model, after partialling out the influence of
the reference factor, with ADHD-IN (10%) and ADHD-HI
(11%) explaining the largest amount of the residual vari-
ance. The particularly high residual correlations between
ADHD-IN and ADHD-HI showed that beyond the irritable/
impulsive component, there is a remaining ADHD-specific
component. Taken together, this model nicely demonstrates
that the broadly defined AD-II factor captures important
aspects of both ADHD dimensions, as well as the ODD-D
dimension. At the same time, important disorder-specific
aspects and dimensions remain and help us obtain a more
nuanced picture of the associations between the symptom
complexes. The differentiation of g- and s-factors brings
along a number of potential advantages for research and
clinical practice. Measures based on an array of problems
tend to be particularly good prognosticators (Achenbach,
2021) and might be especially valuable for improving the
diagnostic process (Lahey et al., 2021). In line with this,
Pettersson et al., (2021) hypothesizes that the g-factor of
psychopathology might be as useful for the psychiatric
domain as the g-factor of intelligence has proven to be
for the educational domain. It has been suggested that the
g-factor, capturing correlations between different psycho-
pathological dimensions, might result mainly from nonspe-
cific etiological factors (Lahey et al., 2017) — a hypothesis
that potentially provides a great target for further RDoC
research. The s-factors might differentiate better between
patients, especially those with a broad range of problems,
who frequently show elevated scores on a range of scales
(Pettersson et al., 2021). Longitudinal studies that examine
the differential pathways, including specific protective and
risk factors for people scoring high on different s-factors,
are necessary.

The observation of remaining significant ODD and
ADHD aspects that appear to be mostly free of irritability,
emotional impulsivity, and emotion dysregulation is inter-
esting. In future research, it would be worthwhile to exam-
ine more closely what these residual symptom complexes
represent and what they are associated with. With regard
to ODD, our results strengthen previous findings (Evans
et al., 2017; Runions et al., 2016) reporting a distinction

between a defiant and an irritable dimension of ODD, thus
showing differential pathways and associations. Compared
to the irritable dimension, the defiant dimension, which we
identified as an important ODD-remaining aspect, has been
shown to be associated more strongly with the odds of vio-
lence as an adult (Althoff et al., 2014) as well as disruptive
and aggressive behavior (Burke et al., 2021). Regarding the
ADHD remaining aspects that are free of irritability and
emotional impulsivity, research has suggested particularly
strong associations of the ADHD-IN dimension with slug-
gish cognitive tempo (Hartman et al., 2004), two concepts
that are significantly related to academic functioning (Lang-
berg et al., 2014). One could hypothesize that the ADHD-HI
dimension now mainly captures hyperactivity and physical
impulsivity, which is in line with the general understand-
ing of impulsivity as a multidimensional construct (Berg et
al., 2015). In future studies, it would be of great interest to
ascertain, whether these residual ADHD- and ODD-specific
aspects are now associated even more strongly with their
respective external correlates. In a next step, and in line with
Hartman (2021), strong measures that specifically assess
these aspects could be designed.

To assess the convergent and divergent validity of our
bifactor S-1 model, we added the three factors PROMIS
Parent Proxy Anger Scale, FRUST-A and FRUST-M to our
model and computed correlations with the reference factor
as well as residual correlations with all s-factors. The strong
correlation of the established PROMIS Parent Proxy Anger
Scale with our AD-II reference factor, in combination with
the low correlations of this scale with all other factors of our
model, suggest that in line with our assumption, all scales
except for AD-II indeed measure distinct constructs, inde-
pendent of anger/rage. The correlations between the dimen-
sions and emotion regulation strategies differ greatly in
strength, with AD-II showing strong correlations with both,
FRUST-A and FRUST-M. This constitutes an important val-
idation of our model, because emotion dysregulation, has
been strongly associated with ADHD and ODD (Ambro-
sini et al., 2013; Shaw et al., 2014) and corresponds here to
our reference factor AD-II, while showing only small cor-
relations with most of the remaining factors. Interestingly,
there is one exception, as AD-PE correlate moderately with
FRUST-A but not with FRUST-M. This supports the fre-
quent finding that adaptive and maladaptive emotion regula-
tion are distinct and not simply opposing constructs (Aldao
& Nolen-Hoeksema, 2010; Grob & Smolenski, 2005).
Indeed, the use of adaptive emotion regulation strategies
might even be a protective factor for ADHD- and ODD-
related symptomatology, beyond the mere absence of mal-
adaptive emotion regulation strategies. Correspondingly,
adaptive emotion regulation strategies, such as reappraisal
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Table 4 Omega Statistics and Explained Common Variance of all Bifactor S-1 Models

AD-II AD-II AD-PE AD-EX ADHD-IN ADHD-HI ODD-D
® 0.98 0.78 0.91 0.97 0.96 0.91
oH 0.90

oHS 0.41 0.33 0.47 0.46 0.26
ECV 0.70 0.03 0.03 0.10 0.11 0.03
ODD-D

® 0.98 0.76 0.91 0.96 0.96 0.98
oH 0.90
oHS 0.11 0.40 0.26 0.43 0.35

ECV 0.06 0.03 0.03 0.09 0.08 0.72
ADHD-IN

® 0.97 0.77 0.89 0.98 0.96 0.92
oH 0.82

oHS 0.51 0.54 0.43 0.35 0.51
ECV 0.19 0.04 0.04 0.60 0.08 0.06
AD-HI

® 0.97 0.77 0.87 0.96 0.98 0.92
oH 0.85

oHS 0.48 0.61 0.18 0.37 0.45
ECV 0.18 0.05 0.02 0.07 0.64 0.05

Note. Values for reference domain are marked in bold. AD = Affective dysregulation, Il =irritability/emotional impulsivity, PE = positive emo-
tionality, EX =exuberance, ADHD =attention-deficit/hyperactivity disorder, IN =inattention, HI=hyperactivity/impulsivity, ODD-D =oppo-
sitional defiant disorder — only defiant dimension, ®=omega (amount of variance accounted for by the g- and s-factors taken together),
oH =omega hierarchical (amount of variance accounted for by the g-factor), ®HS = omega hierarchical subscale (amount of variance accounted
for by the s-factors), ECV =explained common variance (proportion of all common variance explained by that factor; for specific factors, the
ECV computes the strength of a specific factor relative to all explained variance only of all items, even those not loading on the specific factor).

and acceptance, have been associated with fewer symptoms
of psychopathology (Aldao et al., 2010, Braet et al., 2014).

In a final step, we compared bifactor S-1 models with
different reference factors in order to examine, if AD-II
indeed was the ideal core component of ADHD and ODD
as hypothesized. All models yielded a good model fit and
explained between 60% (ADHD-IN) to 72% (ODD-D) of
the common variance (Table 4). The high ECV of all four
BI S-1 models supports the general suggestion of a more
parsimonious structure of psychopathology, as intended by
the specifier approach in the ICD-11 (WHO, 2020) for ODD
and AD symptomatology, instead of frequently diagnosing
several comorbid disorders, such as ADHD and ODD or
ADHD and DMDD. Despite the high ECV for the respec-
tive general factor, we observed a large gain of informa-
tion through the assessment of all additional dimensions,
indicated by the ECV for the s-factors in all models (Tables
S8, S11-S13). Based on model fit alone, no model could
be excluded at this point, which is unsurprising given the
high correlations between all dimensions. The model with
ODD-D as general reference factor demonstrates a slightly
higher ECV (72%) than the model with AD-II (70%) as gen-
eral reference factor. However, in the ODD-D model, the
s-factor AD-II collapsed, as indicated by several anomalous
factor loadings as well as the outstandingly low ©wHS value
(oHS=0.11), exacerbating straightforward interpretability
and suggesting that this model does not capture the data in
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the most ideal way. The model with AD-II as reference factor
explains a similar amount of common variance (70%) and
shows no anomalous factor loadings or collapsing s-factors,
and is straightforward to interpret. As pointed out above, a
model should never be chosen based on statistical indices
alone. The model with AD-II is derived based on theoreti-
cal considerations and fits well. The model with ODD-D
as general reference factor shows good model fit, but does
come with a number of statistical and theoretical problems,
suggesting that AD-II might be a better reference factor than
ODD-D: First, it has been suggested that the defiant dimen-
sion of ODD appears only later in life, as a consequence
of impulsivity and weak emotion regulation skills (Beau-
chaine et al., 2010). Therefore, conceptualizing ODD-D as
core feature, might not capture the problem behavior of all
children, especially not of younger ones. This will have to
be assessed in longitudinal studies. Second, when conceptu-
alizing irritability/emotional impulsivity as core factor, this
more parsimonious structure could potentially be extended
into the internalizing spectrum. This seems worth examining
for several reasons. In the DSM-5, DMDD is classified as a
unipolar mood disorder, and previous studies have shown a
strong association of AD symptomatology with internalizing
symptomatology such as depression/dysthymia and anxiety
(Copeland et al., 2013; Evans et al., 2017; Leibenluft, 2011;
Waldman et al., 2021). The high correlations of AD-II with
emotion regulation also suggest a potential association with
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the internalizing spectrum, as mood and anxiety disorders
have been strongly associated with more maladaptive and
less adaptive emotion regulation strategies (Carthy et al.,
2010; Silk et al., 2003). We therefore suggest an adaption
and extension of the specifier approach. Our results indicate
that irritability/emotional impulsivity could be the crucial
factor explaining the high correlations frequently found
between ADHD and ODD and could therefore be modelled
as the core factor for ADHD- and ODD-related symptom-
atology. Related specifiers, such as “with inattention”, “with
defiant behavior” and “with hyperarousal” could be added
to this core factor, leading to a more parsimonious structure
of psychopathology instead of major symptom overlap and
a number of comorbid diagnoses.

Limitations

One limitation of our study is that due to the relatively small
age range of the children (8-12 years), we are unable to
draw any conclusions about emotional impulsivity and irri-
tability in children beyond that age range. In future research,
it will be important to assess whether emotional impulsiv-
ity and irritability are similarly strongly associated with an
array of disorders in other age groups. This is important as
the AD-II factor showed a strong correlation with adaptive
and maladaptive emotion regulation strategies, which has
been suggested to be age dependent, potentially in the sense
of a maladaptive shift, describing a reduction of adaptive
strategies during adolescence (Cracco et al., 2017). Addi-
tionally, it will be important to assess whether similar results
can be obtained in samples from other cultural and linguis-
tic backgrounds. Another limitation is that we employed a
parent rating scale to examine the associations between the
relevant dimensions as our only measure, which will have to
be expanded upon in future studies. We did not include any
internalizing disorders (e.g. anxiety or depressive disorders)
in our analyses. AD, however, has often been referred to as
a transdiagnostic dimension, and it would be of great inter-
est to examine how it relates to disorders in the internalizing
spectrum. Furthermore, external correlates of the residual
ADHD and ODD dimensions, such as sluggish cognitive
tempo and violent behavior, should be examined in future
research. Due to our cross-sectional study design, we cannot
draw any conclusions relating to the onset and progression
of AD and other externalizing disorders or the identification
of risk or protective factors. It would be interesting to exam-
ine if the number of specifiers increases with age in irritable/
emotionally impulsive children and if so, which specifiers
appear at what time. Moreover, it would be useful to exam-
ine whether adaptive emotion regulation strategies might
be a protective factor and maladaptive strategies a general

liability factor for irritability and emotional impulsivity, as
this could result in targeted prevention programs at an early
age.

Conclusions

In the present study, we examined the factorial structure of
AD, and found a stable structure, entailing one core-compo-
nent, describing irritability/emotional impulsivity and two
smaller factors describing positive emotionality and exuber-
ance. We found a bifactor S-1 model with AD-II as general
reference factor to lead to a straightforward interpretation
of the associations between all dimensions. AD-II captured
a major part of the shared variance of all AD, ADHD and
ODD dimensions and at the same time, all dimensions
explained important additional variance. Correlations with
external correlates validated our model. When comparing
models with different reference factors, AD-II as reference
factor captured the data better than models with ADHD-/
ODD-dimensions as reference factor. Our results support
the specifier-approach adopted by the ICD-11 for ODD and
AD symptomatology. We suggest an adaptation and exten-
sion of this approach in the future by selecting irritability/
emotional impulsivity as the core diagnostic dimension,
to which specifiers such as “with inattention” “with defi-
ant behavior” “with hyperarousal”, could be added. Addi-
tional specifiers, potentially extending into the internalizing
spectrum should be examined in future studies and could
eventually lead to an even more parsimonious structure of
psychopathology. Our results suggest that comorbidities
arise largely through how diagnoses are currently deter-
mined in the DSM-5 (APA, 2013) and the ICD-11 (WHO,
2020) — namely the combination of several domains within
one disorder. The specifier approach might offer us a more
accurate, richer, less stigmatizing and at the same time
more parsimonious description of patients (Ruggero et al.,
2019), which could additionally improve communication in
research and clinical practice and lead to better treatment
approaches.
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