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Abstract

Irritability and anxiety are two common clinical phenotypes that involve high-arousal negative affect states (anger and fear), and that
frequently co-occur. Elucidating how these two forms of emotion dysregulation relate to perturbed neurodevelopment may benefit from
alternate phenotyping strategies. One such strategy applies a bifactor latent variable approach that can parse shared versus unique mech-
anisms of these two phenotypes. Here, we aim to replicate and extend this approach and examine associations with neural structure in a
large transdiagnostic sample of youth (N = 331; M = 13.57, SD = 2.69 years old; 45.92% male). FreeSurfer was used to extract cortical thick-
ness, cortical surface area, and subcortical volume. The current findings replicated the bifactor model and demonstrate measurement invari-
ance as a function of youth age and sex. There were no associations of youth’s factor scores with cortical thickness, surface area, or
subcortical volume. However, we found strong convergent and divergent validity between parent-reported irritability and anxiety factors
with clinician-rated symptoms and impairment. A general negative affectivity factor was robustly associated with overall functional impair-
ment across symptom domains. Together, these results support the utility of the bifactor model as an alternative phenotyping strategy for
irritability and anxiety, which may aid in the development of targeted treatments.
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Emotion dysregulation occurs in many forms of pediatric psycho-
pathology (Hyman, 2007; Morris & Cuthbert, 2012; Zald & Lahey,
2017), including irritability and anxiety, two common clinical
phenotypes that involve high-arousal negative affect states (i.e.,
anger and fear; Brotman, Kircanski, Stringaris, Pine, &
Leibenluft, 2017; Kircanski et al., 2018; Stoddard et al., 2014;
Watson & Clark, 1984). Further, irritability and anxiety frequently
co-occur in both clinically referred (Brotman et al., 2017) and
community (Brotman et al., 2006; Copeland, Brotman, &
Costello, 2015; Leadbeater & Homel, 2015; Savage et al., 2015;
Stringaris & Goodman, 2009) samples. Evidence suggests that
partly shared genetic mechanisms underlie irritability and anxiety
(Savage et al., 2015). However, irritability and anxiety are also dis-
tinct; for example, they differ in the behavioral symptoms engaged
(i.e., approach vs. avoidance of threats, respectively; Brotman
et al., 2017; Kircanski et al., 2018; Leibenluft, 2017; Pine, 2007).
Thus, attempts to relate these two forms of emotion dysregulation
to perturbed neurodevelopment may benefit from alternate phe-
notyping strategies. Here, we replicated and extended a previously
published bifactor model of irritability and anxiety (Kircanski

et al., 2018), investigating their common versus specific associa-
tions with brain structure, development, and clinical features.

There is limited research on brain structure across pediatric
irritability and anxiety. One prior study compared neuroanatom-
ical correlates of diagnostically defined anxiety (anxiety disor-
ders) and severe irritability (disruptive mood dysregulation
disorder; DMDD; Gold et al., 2016). Diagnosis-specific patterns
emerged in prefrontal cortex (PFC) gray matter volume
(GMV), such that larger GMV was associated with anxiety disor-
ders, whereas smaller GMV was associated with DMDD. Studies
of neural structure in either phenotype alone have reported
abnormal ventromedial PFC thickness (Gold et al., 2017;
Newman et al., 2015; Strawn et al., 2015) and hippocampal vol-
ume (Gold et al., 2017; Mueller et al., 2013) in anxiety, and
abnormal dorsal lateral PFC GMV in irritability (Adleman
et al., 2012; Dickstein et al., 2005). However, these studies also
found decreased amygdala volume in both irritability (Dickstein
et al., 2005) and anxiety (Milham et al., 2005; Newman et al.,
2015; Strawn et al., 2015). Of note, these studies used categorical
approaches and targeted youths with primary diagnoses involving
either irritability or anxiety symptoms. Dimensional approaches
have advantages when attempting to detect common versus
specific neural correlates.

Together, the evidence for both shared and distinct abnormal-
ities suggests that irritability and anxiety symptoms likely reflect
both shared and unique underlying mechanisms of emotion dys-
regulation. Thus, transdiagnostic methods that facilitate such
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parsing of these mechanisms in early life may be crucial to better
understanding emotion dysregulation as a transdiagnostic vulner-
ability. This requires strategies that allow researchers to assess irri-
tability and anxiety dimensionally across diagnoses (Insel et al.,
2010) and then parse the phenotypes’ shared versus unique fea-
tures, an approach that has been used for other measures of psy-
chopathology (Castellanos-Ryan et al., 2014; Shanmugan et al.,
2016). Recently, we used such an approach; we performed a bifac-
tor analysis to first quantify the unique and shared variances of
dimensionally assessed irritability and anxiety before next relating
them to neural function on a threat-orienting functional magnetic
resonance imaging (MRI) task (Kircanski et al., 2018). This
approach revealed a double dissociation in which only irritability
was associated with neural activation in multiple regions (e.g.,
PFC, striatum, and amygdala), whereas only anxiety was associ-
ated with functional connectivity of the amygdala. The shared
component of irritability and anxiety—a general propensity to
negative affectivity—was associated with increased activity in
the thalamus. These distinct neural correlates were not found
using a diagnostic approach.

These findings suggest broader use for this bifactor model in
identifying differential early neurodevelopment of brain regions
implicated in shared versus specific features of irritability and
anxiety. However, it is unknown whether this model holds across
key demographic variables and whether the estimated underlying
constructs map onto external measures of irritability and anxiety
symptoms (i.e., show convergent validity with clinician ratings).
Furthermore, this approach has yet to be applied to the investiga-
tion of structural neural abnormalities associated with irritability
and anxiety. Here, in a large, transdiagnostic sample of children
and adolescents, we aim to replicate and extend the bifactor
model of irritability and anxiety. First, we examine how the
model performs with respect to important developmental varia-
tions: age and sex. Second, we relate scores derived from the
bifactor model (irritability, anxiety, and general negative
affectivity) to brain cortical thickness, cortical surface area, and
subcortical volume. Consistent with the literature described
above, we predicted distinct associations of anxiety with ventro-
medial PFC and hippocampal structure, irritability with dorsal
lateral PFC structure, and negative affectivity with decreased
amygdala volume. Third, we examine how factor scores relate to
independent clinician assessments of symptoms and impairment.
We predicted that irritability and anxiety scores would be specif-
ically associated with clinician-rated irritability and anxiety,
respectively, whereas negative affectivity scores would capture
global impairment.

Method

Participants

Three hundred and thirty-one youth (M = 13.57, SD = 2.69 years
old; 45.92% male) participated in the current study (Table 1). A
transdiagnostic sample was recruited to capture full ranges of
both irritability and anxiety symptoms. Specifically, the sample
included participants with a primary diagnosis of DMDD (i.e.,
a mood disorder characterized by severe, chronic irritability;
N = 70; American Psychiatric Association, 2013; Leibenluft,
2017), an anxiety disorder (ANX; N = 95; generalized, separation,
and/or social anxiety disorders), attention-deficit/hyperactivity
disorder (ADHD; N = 39), or no psychiatric diagnosis (healthy
volunteer; HV; N = 127). We included individuals with a primary

diagnosis of ADHD because within this age group, ADHD is
strongly associated with chronic irritability and often comorbid
with DMDD (Shaw, Stringaris, Nigg, & Leibenluft, 2014). These
groups were specifically recruited to collectively span youth with
clinically significant irritability and/or anxiety, youth with sub-
threshold levels of irritability and/or anxiety, and healthy youth
with normative levels of irritability and or/anxiety. Diagnoses
were made using the Schedule for Affective Disorders and
Schizophrenia for School-Age Children—Present and Lifetime
version (KSADS-PL), administered by a doctoral- or master’s-
level clinician. All clinicians were trained to have high interrater
reliability such that clinical determinations were reliable with
other trained clinicians as assessed by a κ >.75 (Wiggins et al.,
2016). Critically, all diagnoses were reviewed and confirmed by
a licensed psychiatrist or senior clinical psychologist in a consen-
sus meeting (K.E.T., D.S.P., E.L., or M.A.B.). These procedures are
consistent with those used in previously published work (Gold
et al., 2016; Kircanski et al., 2018; Wiggins et al., 2016). Only
patients who met full criteria for an anxiety, ADHD, or DMDD
diagnosis were included. Exclusionary criteria included IQ < 70,
pervasive developmental disorder, posttraumatic stress disorder,
schizophrenia, bipolar disorder, substance use (within 3 months
of participation), neurological disorder, or unstable medical ill-
ness. In addition, participants with a primary anxiety disorder
had no history of posttraumatic stress disorder or current
depression and were medication free. The sample included 20
sibling pairs (2 DMDD, 6 ANX, 8 ADHD, and 24 HV partici-
pants). All sibling pairs comprised participants within the same
diagnostic group, with the exception of three sibling pairs
(ANX & HV, ADHD & HV, and ANX & ADHD). Of the 331
youth, 90 participants overlap with the sample included in Gold
et al. (2016), 106 participants overlap with the sample included
in Gold et al. (2017), and 135 participants overlap with the
sample included in Kircanski et al. (2018). For our confirmatory
bifactor model analyses, we repeated all analyses in a fully
independent sample (n = 196; described below in the Results).
Participants were recruited through advertisements in the com-
munity. Youth received monetary compensation for participation.
Prior to participation, parents provided written informed
consent and youth provided written assent. All study procedures
were approved by the National Institute of Mental Health
Institutional Review Board.

Symptom measures for bifactor model

Affective Reactivity Index
Irritability symptoms were assessed dimensionally using the
parent- and youth-report versions of the Affective Reactivity
Index (ARI; Stringaris et al., 2012). Across all participants, both
parent-report (M = 2.95, SD = 3.42) and youth-report (M = 2.31,
SD = 2.70) scores ranged from 0 to 12, encompassing the full
range of possible scores. Parent- and youth-report scores were
significantly correlated, r (331) = .52, p < .001.

Screen for Child Anxiety Related Emotional Disorders
Anxiety symptoms were assessed dimensionally using the parent-
and youth-report versions of the Screen for Child Anxiety Related
Emotional Disorders (SCARED; Birmaher et al., 1997). Across all
participants, parent-report scores ranged from 0 to 75 (M = 16.33,
SD = 15.68) and youth-report scores ranged from 0 to 64
(M = 17.48, SD = 14.28). Parent- and youth-report scores were
significantly correlated, r (331) = .61, p < .001.
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Table 1. Parsing neurodevelopmental features of irritability and anxiety: Replication and validation of a latent variable approach

Sample characteristics

Characteristics Total
Diagnostic group1

M (SD) or No. (%) sample ADHD ANX DMDD HV Omnibus Sig

Demographic variables

N 331 39 (11.78%) 95 (28.92%) 70 (20.78%) 127 (38.55%)

Age (years) 13.56 (2.68) 13.66 (2.70)ab 12.86 (2.88)a 13.79 (2.69)ab 13.92 (2.88)b F (3, 327) = 3.14, p = .03

Sex (male) 152 (45.92%) 27 (69.23%)a 34 (35.42%)b 42 (60.87%)a 49 (38.28%)b χ2 (3) = 20.80, p < .001

IQ 112.02 (12.56) 113.10 (10.69) 113.45 (14.18) 110.79 (13.58) 111.28 (11.14) F (3, 327) = 0.88, p = .45

Clinical variables

Symptom ratings

ARI parent report 2.95 (3.42) 3.21 (3.24)a 3.36 (3.22)a 6.60 (2.95)b 0.55 (1.25)c F (3, 327) = 84.46, p < .001

ARI youth report 2.31 (2.70) 2.79 (2.67)a 2.21 (2.32)ab 4.04 (3.18)b 1.03 (1.79)c F (3, 327) = 24.34, p < .001

SCARED parent report 16.33 (15.68) 11.73 (12.78)a 30.29 (12.66)b 22.63 (14.66)a 3.81 (4.86)c F (3, 327) = 117.18, p < .001

SCARED youth report 17.48 (14.28) 13.99 (9.74)a 29.14 (13.85)b 19.26 (14.65)c 8.84 (7.83)d F (3, 327) = 56.99, p < .001

CDI youth report2 7.38 (7.49) 6.19 (5.52)ac 10.99 (8.24)b 9.92 (8.55)bc 3.70 (4.46)a F (3, 321) = 45.82, p < .001

Medications3

SSRI 35 (10.57%) 5 (12.82%)a 0 (0%)b 26 (37.14%)c 0 (0%)b p < .0014

Stimulant 52 (15.71%) 19 (48.72%)a 0 (0%)b 30 (42.86%)a 0 (0%)b p < .0014

SGA 11 (3.32%) 1 (2.56%)a 0 (0%)a 8 (11.43%)b 0 (0%)a p < .0014

AED 18 (5.44%) 0 (0%)a 0 (0%)a 18 (25.71%)b 0 (0%)a p < .0014

Note: Cells marked with different superscript letters indicate significant group differences across diagnostic groups. ADHD, attention-deficit/hyperactivity disorder. ANX, primary anxiety disorder. DMDD, disruptive mood dysregulation disorder.
HV, healthy volunteer. ARI, Affective Reactivity Index. SCARED, Screen for Child Anxiety Related Disorders. CDI, Children’s Depression Inventory. SSRI, selective serotonin reuptake inhibitor. SGA, second-generation antipsychotic. AED, antiepileptic drugs.
1Primary diagnosis refers to the diagnosis for which the participant was referred. Participants could have multiple diagnoses in addition to their primary diagnosis. 2CDI scores were missing for six participants (4 ANX and 2 HV). 3Percentage of
participants taking each medication type is reported. Participants could be taking more than one type of medication. 4Omnibus significance calculated using Freeman Halton Test.
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Clinician-rated measures

Children’s Global Assessment Scale
Overall severity of impairment due to psychiatric symptoms was
assessed by clinicians using the Children’s Global Assessment
Scale (CGAS; Shaffer, 1983). CGAS scores range from 1 to 100,
with lower scores reflecting greater impairment. CGAS scores
were obtained on the DMDD, ANX, and ADHD groups only,
including 176 participants of the 204 total participants in these
groups. There was no significant association between missingness
and diagnostic group, χ2 (2) = 0.50, p = .78. Patients exhibited a
wide range of CGAS scores, from 31 (major impairment) to 89
(good functioning; M = 55.29, SD = 11.49).

Clinician-rated irritability
Clinician-rated irritability symptoms were assessed via the
DMDD and severe mood dysregulation modules of the
KSADS-PL. Using either module, DMDD symptom criteria
were completed for 79 of the 108 total participants across the
DMDD and ADHD groups. Specifically, temper outbursts (M =
2.28, SD = 0.80) and irritable mood (M = 2.24, SD = 0.87) were
rated as 1 (absent), 2 (exhibited at subthreshold levels), or 3 (exhib-
ited at clinical levels). Impairment in social (M = 2.23, SD = 1.09),
family (M = 3.01, SD = 1.20), and school (M = 2.10, SD = 1.19)
contexts was also assessed using a scale of 1 (absent) to 4 (severe).
A composite impairment score was created by averaging scores
across social, family, and school contexts (M = 2.45, SD = 0.99).

Pediatric Anxiety Rating Scale
Clinician-rated anxiety symptoms were assessed using the
Pediatric Anxiety Rating Scale (PARS; Research Units On
Pediatric Psychopharmacology Anxiety Study Group, 2002).
PARS scores were completed for 89 of the 95 total participants
in the ANX group. Scores ranged from 2 to 24 (M = 15.30, SD
= 4.58). Specific levels of anxiety-related impairment with family
(M = 2.78, SD = 1.12) and peers (N = 88; M = 2.80, SD = 1.23)
were assessed. A total impairment score was calculated by averag-
ing the family and peer impairment scores (M = 2.80, SD = 1.02).

Imaging procedures

For each participant, a high-resolution T1-weighted magnetization-
prepared rapid-acquisition gradient-echo scan (sagittal acquisi-
tion, repetition time = 7.7 ms, echo time = 3.42 ms, slices = 176
1 mm3 isotropic voxels, matrix = 256 × 256, flip angle = 7 degrees)
was acquired on a General Electric 3-T MR750 scanner
(Waukesha, WI, USA) with a 32-channel head coil. All images
were first processed using standard procedures of Version 5.3.0
of FreeSurfer image analysis software suite (Dale, Fischl, &
Sereno, 1999; Fischl, 2004; Fischl et al., 2002). During the
FreeSurfer cortical reconstruction process, nonbrain tissue is
first removed (Ségonne et al., 2004). Images undergo intensity
normalization (Sled, Zijdenbos, & Evans, 1998), the core of the
brain white matter is segmented, and eventual holes are filled.
For each exposed voxel face of the segmented white matter, two
triangles are created, thus defining an initial mesh. This mesh is
further smoothed, defects are corrected, and its final placement
takes into consideration gradients in voxel intensities between
gray and white matter (Dale et al., 1999; Fischl & Dale, 2000).
The pial surface is defined by nudging outward this surface
until maximal tissue contrast is found. Neuroanatomical labels
are automatically assigned to each subcortical voxel based on

probabilistic information acquired through an a priori knowledge
of spatial relationships acquired through a manually labeled train-
ing set (Fischl et al., 2002; Fischl, Salat, et al., 2004), and cortical
regions are identified on the surfaces based on the gyral and sulcal
structure of the cortical surface (Desikan et al., 2006; Fischl, van
der Kouwe, et al., 2004). All processed images were visually
inspected for image artifacts. A total of 462 images were processed
and 129 were excluded following visual inspection, mostly due to
motion artifacts or poor segmentation (17 ADHD patients, 39
anxious patients, 30 DMDD patients, and 43 HVs).

For the current study, we focused on measures of cortical
thickness, cortical surface area, and subcortical volume.
Previous work examining FreeSurfer methods in the calculation
of these measures has established strong reliability across groups,
MRI scanners, and field strengths (Han et al., 2006; Morey et al.,
2010; Reuter, Schmansky, Rosas, & Fischl, 2012) and strong valid-
ity through comparison with histological analyses (Rosas et al.,
2002) and manual tracing (Grimm et al., 2015; Kuperberg et al.,
2003; Morey et al., 2009; Schoemaker et al., 2016). These methods
are consistent with prior psychiatric research examining cortical
thickness, cortical surface area, and subcortical volume within
pediatric samples (Cardinale et al., 2018; Gold et al., 2017;
McLaughlin et al., 2014; Ostby et al., 2009; Sheridan, Fox,
Zeanah, McLaughlin, & Nelson, 2012; Strawn et al., 2014;
Sylvester et al., 2016). Following processing in FreeSurfer, all
images were smoothed using a 20-mm full width at half maxi-
mum Gaussian filter and resampled to 10,242 vertices per hemi-
sphere (based on 5 recursive subdivisions of a regular
icosahedron). Resampling to a common grid uses the nearest
neighbor method (Winkler, Greve, Bjuland, et al., 2018), which
is the default in FreeSurfer. Finally, left and right hemispheres
were merged so the analyses could be conducted across the
whole brain. Images were masked to include in the analyses
only the cortical surface. Subcortical regions were automatically
segmented and labeled based on probabilistic information
acquired through an a priori knowledge of spatial relationships
acquired through a manually labeled training set (Fischl et al.,
2002; Fischl, Salat, et al., 2004).

Data analysis

Bifactor model of irritability and anxiety
Confirmatory factor analysis. Confirmatory factor analysis was
employed to test the bifactor model of irritability and anxiety
(Kircanski et al., 2018). Consistent with the original model, we
included the six items each comprising the parent- and
youth-report ARI scores and the five subscales each comprising
the parent- and youth-report SCARED scores, for a total of 22
data points for each participant. ARI item scores were modeled
as categorical variables and SCARED subscale scores were mod-
eled as continuous variables. Data were analyzed using Mplus
(Version 7.4). Analyses used the weighted least square mean
and variance adjusted estimator given the inclusion of categorical
variables in the model. There were no missing data.

Measurement invariance. Measurement invariance of the bifactor
model as a function of participant age or sex was assessed using
multiple group structural equation modeling in Mplus (Version
7.4). Age groups were defined using a median split (13.55 years
old), resulting in a younger group (M = 11.28, SD = 1.38) and
an older group (M = 15.85, SD = 1.43). Sex groups were defined
as self/parent-identified male and female. Separately for age and
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sex, we first assessed configural invariance in which the same pat-
tern of fixed and free parameters was defined across groups, but
there were no equality constraints for the loadings of observed
variables on the latent factors across groups. These models
assessed whether the overall structure of the bifactor model was
similar across the groups. Next, we tested for weak factorial invari-
ance, in which factor loadings were constrained to be equal across
the groups. Absolute model fit statistics—comparative fit index
(CFI); nonnormed fit index (NNFI); root mean square error of
approximation (RMSEA); and a chi-square difference test
(adjusted for the weighted least square mean and variance
adjusted estimator)—were used to compare the absolute and rel-
ative fit, respectively, of the models testing configural invariance
versus weak factorial invariance.

Imaging analyses. Associations between latent factor loadings
extracted from the bifactor model and measures of brain structure
were conducted using a nonparametric permutation approach as
leveraged by the computation tool Permutation Analysis of Linear
Models (PALM; Winkler, Ridgway, Webster, Smith, & Nichols,
2014). Using PALM, we tested for linear associations between
each of the factor loadings resulting from the bifactor analyses
with cortical thickness, cortical surface area, and subcortical vol-
ume. For analyses of cortical thickness and surface area, associa-
tions with factor loadings were assessed at each vertex. For
analyses of subcortical volume, associations with factor loadings
were assessed using measures of regional volume for each subcort-
ical structure (including thalamus, caudate, putamen, pallidum,
hippocampus, amygdala, and accumbens).

Initial analyses included factor loadings on each of the four
factors entered as predictors of cortical thickness, surface area,
and subcortical GMV with age, IQ, and sex as covariates. In
order to probe for moderating effects of age and sex, we con-
ducted a regression analysis that included the interaction between
each of the four factor loadings with both age and sex as predic-
tors of cortical thickness, surface area, and subcortical GMV.
Significance was assessed based on the permutation distribution
of maximum test statistic across the whole brain, across modalities
(thickness and area), and across the associations tested (contrasts),
thus allowing familywise error rate correction across subcortical
regions and contrasts of the subcortical analyses and cortical ver-
tices, modality, and contrasts for cortical analyses (Winkler et al.,
2016).

PALM is a computational tool that leverages nonparametric
methods to conduct classical uni- and multivariate analyses
using permutation approaches. Whereas parametric methods
require number of assumptions to be met (such that the data
are independent and identically distributed, and following the
normal distribution), the use of nonparametric methods requires
fewer assumptions to be met (Holmes, Blair, Watson, & Ford,
1996; Nichols & Holmes, 2002).

For analyses of cortical thickness and area, the data were ran-
domly shuffled 2,000 times, and inference was accelerated by the
fitting of a generalized Pareto distribution to the tail of the per-
mutation distribution (Winkler, Ridgway, Douaud, et al., 2016).
For the analysis of subcortical volumes, speed was a lesser concern
due to the lower dimensionality of the data, and 10,000 shufflings
were performed. For each permutation, the general linear model
was fit and a test statistic for each contrast was calculated. For
thickness and area in the current study, we used the threshold
free cluster enhancement on the surfaces as the test statistic for
each vertex (Smith & Nichols, 2009). To control for

nonindependence of sibling measures of neural structure, sibling
status was coded using the multilevel exchangeability blocks
option in PALM such that during shuffling of data, sibling
pairs were shuffled together to maintain the dependence across
sibling pairs across permutations (Winkler, Webster, Vidaurre,
Nichols, & Smith, 2015). In addition, during visual inspection
of the FreeSurfer images, quality of the images that met our qual-
ity control inclusion criteria were coded using a 3-point Likert
scale with 1 being the highest quality images and 3 being the low-
est quality images. Image quality ratings were entered into our
PALM analyses as a variance group whereby shuffling of the
data also took into consideration potential distribution differences
related to different image quality across the sample (Winkler et al.,
2015).

Associations with clinician-rated measures
Associations with the independent clinician-rated measures were
examined using multiple regression, with scores on the latent var-
iables concurrently predicting clinician ratings. For all models,
age, sex, and IQ were entered as covariates. Analyses of age and
sex as moderators of associations with clinician ratings were con-
ducted using the PROCESS macro in SPSS (Hayes, 2016). For
each model, scores on the latent variables, and their interactions
with age and sex, were predictors of each of the clinician ratings.
IQ was included as a covariate. Post hoc interrogation of signifi-
cant interactions was probed using the Johnson–Neyman
procedure.

Results

Bifactor analyses

Bifactor model of irritability and anxiety
Confirmatory factor analysis. In the full sample, total scores on
the ARI and SCARED were correlated (Table 2; rs = .32–.61, ps
< .001). Consistent with our previous findings (Kircanski et al.,
2018), an initial bifactor model including one unique irritability
factor resulted in negative loadings for the ARI youth-report
items and positive loadings for the ARI parent-report items on
this factor (Figure 1). Therefore, the final model included separate
unique factors for parent- and youth-reported irritability, a
unique factor for anxiety (both parent and youth reported), and
a general factor, again termed negative affectivity. Results indi-
cated adequate fit of this model to the data (factor loading ps <
.001; CFI = .973; NNFI = .966; RMSEA = .072; 90% confidence
interval, CI [.065, .080]; Figure 1). Given that a proportion of
our sample overlapped with the sample examined in our previ-
ously published work, we repeated these analyses in a fully inde-
pendent sample (n = 196). Results indicated adequate fit of the

Table 2. Bivariate correlations among total scores on the ARI and SCARED

1 2 3 4

1. Parent-report ARI —

2. Youth-report ARI 0.52*** —

3. Parent-report SCARED 0.52*** 0.41*** —

4. Youth-report SCARED 0.32*** 0.46*** 0.61*** —

Note: ARI, Affective Reactivity Index. SCARED, Screen for Child Anxiety Related Disorders.
***p < .001.
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bifactor model to the data even within this restricted and fully
independent sample (factor loading ps < .001; CFI = .976;
NNFI = .971; RMSEA = .067; 90% CI [.056, .078]). Finally, partic-
ipants’ scores on the factors were extracted to examine in relation
to brain structure and independent clinical measures.

Measurement invariance
Age. Analyses first tested for configural invariance in which there
were no equality constraints for the loadings of observed variables
on the latent variables across age groups. Results indicated ade-
quate fit (CFI = .960; NNFI = .953; RMSEA = .082; 90% CI
[.074, .090]), such that for both younger and older participants
the bifactor model fit the data well. Analyses next tested for
weak factorial invariance in which factor loadings were con-
strained to be equal across age groups. Similarly, results indicated
adequate fit, and absolute model fit statistics supported strong fit
of this more constrained model (CFI = .983; NNFI = .982;
RMSEA = .051; 90% CI [.042, .060]). However, a chi-square differ-
ence test comparing the two models was significant, χ2 (44) =
67.08, p = .02, indicating that the weak factorial model had poorer
relative fit based on this index. Supplementary analyses utilizing
model modification indices indicated that removing constraints
for two factor loadings (SCARED parent-report panic subscale
and ARI youth-report Item 1 [“I am easily annoyed by others”]
on the negative affectivity latent factor) resulted in a nonsigni-
ficant chi-square difference test (CFI = .984; NNFI = .983;

RMSEA = .049; 90% CI [.039, .058]); χ2 (42) = 55.48, p = .08. In
both the younger and older age groups, the two factor loadings
in question remained significant, but were even higher in older
participants than younger participants (Figure 2). Thus, overall
the results were interpreted to support similar factor loadings
across age groups.

Sex. As with age groups, analyses first tested for configural invari-
ance across sexes. Results revealed adequate model fit (CFI = .964;
NNFI = .958; RMSEA = .080; 90% CI [.072, .088]) such that for
both male and female participants the bifactor model fit the
data well. Analyses next tested for weak factorial invariance.
Similarly, results indicated adequate fit, and absolute model fit
statistics supported strong fit of this more constrained model
(CFI = .972; NNFI = .970; RMSEA = .067; 90% CI [.059, .075]).
However, the chi-square difference test was significant, χ2 (44) =
121.82, p < .001, indicating that the weak factorial model had
poorer relative fit. Supplementary analyses utilizing model modifi-
cation indices indicated that removing constraints for six factor
loadings (SCARED parent- and youth-report panic subscale,
SCARED youth-report generalized anxiety subscale, SCARED
youth-report school anxiety subscale, and ARI youth-report
Items 1 [“I am easily annoyed by others”] and 6 [“I lose my
temper easily”] on the negative affectivity latent factor) resulted
in a nonsignificant chi-square difference test (CFI = .983; NNFI
= .981; RMSEA = .053; 90% CI [.044, .062]); χ2 (38) = 51.45,

Figure 1. (a) Initial bifactor model including only one unique irritability factor and (b) best fit bifactor model with unique factors of parent-reported irritability,
youth-reported irritability, and anxiety, as well as a common factor of negative affectivity. Each path includes the factor loadings for each observed variable
on each latent variable. ARI, Affective Reactivity Index. It, item. SCARED, Screen for Child Anxiety Related Emotional Disorders. Gen, generalized anxiety disorder
subscale. Pan, panic disorder subscale. Sch, school avoidance subscale. Sep, separation anxiety disorder subscale. Soc, social anxiety disorder subscale. Y, youth
report. P, parent report. ***p < .001.
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p = .07). In both the male and female groups, the five factor load-
ings in question remained significant, but were even higher in
female participants than male participants (Figure 2). Again,
these changes were not substantive, and thus we interpreted the
results to support similar factor loadings across sexes.

Associations with neural structure

Cortical thickness and surface area
We observed no significant associations between scores on any of
the four latent factors and measures of cortical thickness and sur-
face area. Similarly, our analyses of age and sex as potential mod-
erators revealed no significant interactions between age and sex
with scores on the four factors in predicting cortical thickness
and surface area. All results were consistent across correction
methods, including the least stringent correction that did not
correct for the number of contrasts and modalities tested.

Subcortical volume
Consistent with analyses of cortical thickness and surface area, we
observed no significant associations between scores on any of the
four latent factors with any measure of subcortical volume.
Results of analyses examining age and sex as potential moderators
again revealed no significant interactions between age and sex
with scores on the four factors in predicting subcortical volume.
All results were consistent across correction methods, including

our least stringent correction, which did not correct for the
number of contrasts and modalities tested.

Associations with clinician-rated symptoms and impairment

Irritability symptoms and impairment
Associations between factor scores and clinician-rated irritability
symptoms and impairment were assessed via the DMDD and
severe mood dysregulation modules of the KSADS-PL. Higher neg-
ative affectivity factor scores and higher parent-reported irritability
factor scores were associated with higher clinician-rated temper
outbursts: negative affectivity, β = 0.60, t (71) = 5.65, p < .001;
parent-reported irritability: β = 0.35, t (71) = 3.45, p = .001, and irri-
table mood: negative affectivity, β = 0.68, t (71) = 6.50, p < .001,
parent-reported irritability, β = 0.31, t (71) = 3.06, p = .002. There
were no significant associations between anxiety or youth-reported
irritability factor scores and temper outbursts. In addition, higher
negative affectivity scores were associated with higher total impair-
ment scores, β = 0.79, t (65) = 6.94, p < .001, whereas higher
youth-reported irritability scores were associated with lower total
impairment scores, β = –0.27, t (65) = –2.67, p = .01. A similar pat-
tern of findings emerged for associations with impairment in social,
school, and family context. Additional associations between the
parent-reported irritability and the anxiety factor with impairment
in the family context were observed. Higher negative affectivity fac-
tor scores were associated with increased impairment due to

Figure 2. Unstandardized factor loadings resulting from weak factorial model analyses of the effects of (a) sex and (b) gender. *Indicate loadings that when freed
resulted in nonsignificant chi-square difference test between configural and weak factorial models.
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irritability symptoms in social and school contexts: social, β = 0.66,
t (65) = 5.72, p < .001; school, β = 0.57, t (65) = 4.03, p < .001.
Conversely, lower youth-reported irritability factor scores were
associated with increased impairment due to irritability symptoms
in social and school contexts: social, β = –0.27, t (65) = –2.69,
p = .01; school, β = –0.27, t (65) = –2.13, p = .04. For impairment
in the family context, scores on the negative affectivity factor,
β = 0.81, t (65) = 7.40, p < .001, and parent-reported irritability fac-
tor, β = 0.22, t (65) = 2.26, p = .03, were associated with increased
impairment whereas scores on the anxiety factor were associated
with decreased impairment, β = –0.24, t (65) = –2.22, p = .03.

Anxiety symptoms and impairment
Associations between factor scores and clinician-rated anxiety
symptoms and impairment were assessed via the PARS. Higher
negative affectivity factor scores, β = 0.30, t (81) = 2.72, p = .01,
and higher anxiety factor scores, β = 0.23, t (81) = 2.06, p = .04,
were associated with higher PARS total scores. Results were sim-
ilar when examining PARS subscale scores (Supplementary
Table S.3). There were no significant associations with parent-
or youth-reported irritability factor scores. In addition, higher
negative affectivity factor scores, β = 0.30, t (80) = 2.77, p = .01,
and anxiety factor scores, β = 0.30, t (81) = 2.67, p = .01, were
associated with higher PARS total impairment scores. Again,
associations with impairment across contexts were consistent
with the exception of family setting in which only scores on the
anxiety factor and not the negative affectivity factor were associ-
ated with impairment in the family setting. Higher negative affec-
tivity factor scores were associated with an increased number of
anxiety symptoms, β = 0.35, t (81) = 3.36, p = .001. Higher anxiety
factor scores were associated with an increased number, β = 0.34, t
(81) = 3.21, p = .002, frequency, β = 0.28, t (81) = 2.47, p = .02, and
severity, β = 0.24, t (81) = 2.06, p = .04, of anxiety symptoms.
Higher negative affectivity, β = 0.25, t (80) = 2.25, p = .03, and
anxiety, β = 0.27, t (80) = 2.33, p = .02, factor scores were associ-
ated with increased impairment in the social context. Higher neg-
ative affectivity, β = 0.24, t (81) = 2.15, p = .03, but not anxiety, β
= 0.17, factor scores, t (81) = 1.46, p = .15, were associated with
impairment in the family context.

Global impairment
Higher negative affectivity factor scores were associated with
lower CGAS scores (i.e., greater functional impairment),
β = –0.42, t (168) = –5.39, p < .001. There were no significant
associations with parent- or youth-reported irritability or anxiety
factor scores.

Age and sex as moderators
Finally, we investigated whether age and sex moderated the above
observed main effects for the associations between factor scores
and clinician ratings. Only one significant interaction emerged.
For ratings of irritable symptoms and impairment on the
DMDD and severe mood dysregulation modules of the
KSADS-PL in the ADHD and DMDD groups, there was an inter-
action between parent-reported irritability and age in predicting
temper outbursts, β = 1.69, t (63) = 2.87, p = .01. At older ages
(>13.63), higher parent-reported irritability was associated with
increased ratings of temper outbursts. At younger ages, there
was no significant association between parent-reported irritability
and temper outburst ratings (Figure 3).

Factor loadings and diagnoses

Participants’ scores on each of the four latent variables exhibited
variability both within and across diagnostic groups (Figure 4). To
investigate associations between factor scores and primary diag-
noses, four separate analyses of covariance were run with primary
diagnosis predicting factor scores. Age, sex, and IQ were covari-
ates. Post hoc comparisons were conducted when omnibus signif-
icance was p < .008 (in order to correct for multiple comparison).
Results revealed that negative affectivity, F (3, 327) = 119.68, p <
.001, parent-reported irritability, F (3, 327) = 25.47, p < .001,
and anxiety factor scores, F (3, 327) = 26.89, p < .001, but not
youth-reported irritability factor scores, F (3, 327) = 1.77, p = .15,
differed significantly by diagnostic group. Specifically,
parent-reported irritability factor scores were highest for partici-
pants in the DMDD and ADHD groups, and anxiety factor scores
were highest for participants in the ANX group. Negative affectiv-
ity factor scores exhibited a unique pattern, with the highest
scores in the DMDD group, followed by the ANX group and
then the ADHD group. All clinical groups had significantly
higher negative affectivity factor scores than HVs (Figure 4).

Discussion

In the present study, we replicate the bifactor model as a pheno-
typic strategy to parse irritability and anxiety in a large transdiag-
nostic sample (Kircanski et al., 2018). First, we extend previous
findings by using a multiple group structural equation modeling
approach to establish measurement invariance as a function of
youth age and sex. Second, associations between factor scores
and clinician ratings documented strong convergent and diver-
gent validity with respect to the parent-reported irritability and

Figure 3. Conditional effect of the relationship between parent-reported irritability
factor scores and clinician-rated temper outbursts across values of the moderator,
age. Error bars represent the 95% confidence intervals. *p < .05.
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anxiety factors, but not the youth-reported irritability factor. In
addition, negative affectivity factor scores were associated with
both global and specific domains of clinician-rated impairment.
Third, investigation of cortical thickness, surface area, and sub-
cortical volume revealed no significant associations with any of
the four factors.

The lack of significant associations between latent factors and
measures of brain structure may seem inconsistent with previous
work finding neuroanatomical differences across diagnostic
groups characterized by irritability and anxiety symptoms.
However, previous findings have been inconsistent. While some
regions are consistently implicated across the literature, the direc-
tion of the findings are often mixed. For example, an anxiety diag-
nosis has been associated with both larger (De Bellis et al., 2000;
Gold et al., 2017; Qin et al., 2014) and smaller (Newman et al.,
2015; Strawn et al., 2015) PFC thickness or volume, with other
studies failing to find any association between anxiety diagnosis
and PFC structure (De Bellis et al., 2002; Qin et al., 2014;
Strawn et al., 2014). The same is true for subcortical amygdala
and hippocampal volume: studies report both larger (De Bellis
et al., 2000; Qin et al., 2014) and smaller (Gold et al., 2017;
Mueller et al., 2013; Strawn et al., 2015) subcortical volumes in
patients with an anxiety diagnosis, while others find no association
with subcortical volume (De Bellis et al., 2002; Liao et al., 2013;
Newman et al., 2015; Strawn et al., 2013). Few studies examine
associations between dimensionally assessed symptoms and neural
structure; those that have failed to find associations between dimen-
sionally assessed anxiety or irritability with cortical or subcortical
structure (Gold et al., 2016; Merz, He, & Noble, 2018).

The current study is the largest to date to investigate associa-
tions between dimensionally assessed irritability and anxiety

symptoms and neural structure. These findings provide further
evidence that the dimensionally assessed unique and shared fea-
tures of irritability and anxiety are not associated with neuroana-
tomical abnormalities. Of note, our previous work using the
bifactor model revealed both shared and unique associations
with functional neural activity and connectivity during an atten-
tion orienting to threat task (Kircanski et al., 2018). This suggests
that neural abnormalities in irritability and anxiety may be more
functional than structural in nature. Whereas in the current study
we investigate more general structural feature abnormalities across
cortical and subcortical regions, functional neuroimaging analyses
investigate neural function in specific contexts (i.e., orienting to
threat; Kircanski et al., 2018). As such, it is possible that neural
correlates of irritability and anxiety may be characterized more
by functional responses underlying specific psychological pro-
cesses than by general structural abnormalities.

Associations between the latent factors and clinician-rated mea-
sures provide psychometric support for measures derived in the
bifactor model. The parent-reported irritability and anxiety factors
were associated specifically with clinician ratings of irritability and
anxiety, respectively. Furthermore, the negative affectivity factor
captured more global symptoms (e.g., showing associations with
ratings of global impairment on the CGAS). Of note, while child-
and parent-rated anxiety loaded on the same factor, this was not
the case for irritability. Moreover, the youth-reported irritability fac-
tor failed to demonstrate associations with clinician ratings of irri-
tability; higher youth-reported irritability scores were related to
decreased clinician-rated impairment due to irritability. Consistent
with our previous findings (Kircanski et al., 2018), in the current
sample, patients with a DMDD diagnosis were fairly evenly distrib-
uted across youth-reported irritability scores, suggesting that some

Figure 4. (a) Histogram of factor loadings across diagnostic groups and (b) average standardized factor loadings for each of the four latent factors across the four
diagnostic groups: disruptive mood dysregulation disorder (DMDD), anxiety disorder (ANX), attention-deficit/hyperactivity disorder (ADHD), and no psychiatric
disorder (HV). *Bonferonni-corrected p < .05.

Development and Psychopathology 925

https://doi.org/10.1017/S095457941900035X Published online by Cambridge University Press

https://doi.org/10.1017/S095457941900035X


DMDD youths may be underreporting irritability symptoms rela-
tive to parent and clinician ratings. While discrepancy between par-
ent and child report of psychopathology is common (De Los Reyes
& Kazdin, 2005), the current results emphasize the need for
improved assessments of youth-reported irritability.

The bifactor model demonstrated invariance across both age
and sex, confirming that this phenotyping strategy is robust across
males and females from late childhood through adolescence.
Further, we observed only one significant interaction, between a
factor and age, in which the association between parent-reported
irritability and clinician-rated temper outbursts was significant
only in adolescence. Future research is needed to replicate this
finding to determine if this association is driven by convergence
of parent and clinician reports of developmentally inappropriate
temper outbursts into adolescence. Alternatively, this finding
may instead capture a unique developmental trajectory for temper
outbursts as they relate to clinical levels of irritability.

The current study has several limitations. First, irritability and
anxiety are symptoms of emotion dysregulation that are present
across a large number of childhood psychiatric disorders
(Cornacchio, Crum, Coxe, Pinucs, & Comer, 2016; Stoddard
et al., 2014). While the current study includes a sample composed
of several childhood psychiatric diagnoses, it does not include a
truly transdiagnostic, more broadly representative sample.
Moreover, the recruitment procedures could have influenced stat-
istical model fitting. As such, the current study is limited in our
ability to draw conclusions regarding the performance of the
bifactor model as a phenotypic strategy across a wider range of
youth and symptom expressions. For example, the current study
does not include youth with a primary diagnosis of depression.
Both cross-sectional and longitudinal work link depression to
symptoms of both irritability and anxiety (Stringaris, Maughan,
Copeland, Costello, & Angold, 2013; Vidal-Ribas, Brotman,
Valdivieso, Leibenluft, & Stringaris, 2016), and shared functional
neural substrates (Zisner & Beauchaine, 2016). Because we did not
include youths with primary unipolar or bipolar depression,
depressive symptoms in our sample were restricted. Inclusion of
depressive symptoms and a wider range of childhood psychiatric
disorders could affect the model structure given the possibility
that depression may partially explain the observed links between
irritability and anxiety symptoms (Zisner & Beauchaine, 2016).
Within the context of the current study, we find it unlikely that
depression explains links between irritability and anxiety given
that a current diagnosis of major depressive disorder was an
exclusionary criterion. However, within a broader transdiagnostic
framework, such a link may emerge. In order to address these
important limitations, future work should examine how the cur-
rent bifactor model of irritability and anxiety performs within a
more representative transdiagnostic sample. Furthermore, given
associations among irritability, anxiety, and depressive symptoms,
future work should consider adding parent- and youth-reported
depressive symptoms to the bifactor model to further parse
these symptoms of negative affective states into their unique
and shared features. Second, due to the severity of their impair-
ment, a portion of our patients were taking psychotropic medica-
tions (Table 1). Psychotropic medications may impact our ability
to detect structural neural abnormalities associated with psychiat-
ric symptoms. However, medication appears to increase
between-group neuroanatomical differences in MRI studies and
appears to be related to increases in neuroanatomical differences
(Hafeman, Chang, Garrett, Sanders, & Phillips, 2012; Navari &
Dazzan, 2009; Smieskova et al., 2009). Given the lack of

between-group differences observed in the current study, it is
unlikely that medication can fully account for our results.

Third, the aim of the current study was to replicate the bifactor
model developed in previous work by our group (Kircanski et al.,
2018) and examine its associations with brain structure and
clinician-rated symptoms and impairment. There has been grow-
ing critique of bifactor models with respect to data overfitting and
statistical advantages that bias fit indices as compared to first- and
second-order models (Morgan, Hodge, Wells, & Watkins, 2015;
Murray & Johnson, 2013). Adequate fit for a bifactor model
may emerge in the absence of meaningful latent factors to support
conclusions regarding structure of psychopathology (Bonifay,
Lane, & Reise, 2017). Thus, it is critical to examine associations
between derived factors and external validators such as neural
function (Kircanski et al., 2018). In the current study, we found
no significant associations between derived factor scores and mea-
sures of neural structure as a potential external validator. As a
result, the current results provide limited data concerning the valid-
ity of the current bifactor model. However, prior research demon-
strates associations with neural function (Kircanski et al., 2018), and
inconsistencies exist in the literature examining structural neural
abnormalities associated with anxiety and irritability. It is plausible
that no robust, significant associations exist between neural struc-
ture and symptoms related to either anxiety or irritability. Thus,
future studies should examine associations between the bifactor
model and both neural function and other potential external vali-
dators. Furthermore, the clinician ratings of symptoms and impair-
ment are derived from related or overlapping symptoms with those
in the bifactor model. Our findings that factor scores showed strong
convergent and divergent associations with clinician ratings provide
some confidence that the specific latent factors for anxiety and irri-
tability are capturing unique variability in anxiety and irritability
symptoms, respectively, while the general latent factor of negative
affectivity relates to global impairment. Future work should exam-
ine associations of factor scores with independent, clinically rele-
vant validators (e.g., treatment response or outcome).

The co-occurrence of emotion dysregulation symptoms across
a wide range of psychopathology in youth presents a unique chal-
lenge to uncovering shared versus unique neurodevelopmental
mechanisms. The current paper extended our previous work
using a bifactor analysis to quantify the unique and shared vari-
ances of dimensionally assessed irritability and anxiety, two com-
mon emotion dysregulation symptoms that frequently co-occur
across diagnostic groups. We found strong convergent associa-
tions between factor scores and clinician ratings as well as invari-
ance across sex and age. Results also propose that the unique and
shared features of irritability and anxiety may be unrelated to
common measures of brain structure. The application of latent
variable models to co-occurring symptom dimensions could ulti-
mately lead to improvements in targeted treatments across various
domains of child and adolescent psychopathology.
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