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Abstract

In contrast to historical conceptualizations that framed psychological disorders as distinct,
categorical conditions, it is now widely understood that co- and multi-morbidities between
disorders are extensive. As a result, there has been a call to better understand the dimensional
liabilities that are common to and influence the development of multiple psychopathologies, as
supported and exemplified by the National Institutes of Mental Health (NIMH) Research Domain
Criteria (RDoC) framework. We use a latent variable SEM approach to examine the degree to
which working memory deficits represent a cognitive liability associated with the development of
common and discrete dimensions of psychopathology. In a sample of 415 community recruited
children aged 8-12 (n= 170 girls), we fit a bi-factor model to parent reports of behavior from the
DISC-4 and BASC-2, and included a latent working memory factor as a predictor of the
internalizing, externalizing, and general “p-factor.” We found that both the general “p-factor” and
externalizing (but not internalizing) latent factor were significantly associated with working
memory. When a bi-factor model of externalizing symptomology was fit to further explore this
relationship, working memory was only correlated with the general externalizing dimension;
correlation with specific inattention, hyperactive/impulsive, and oppositional factors did not
survive once the general externalizing dimension was taken into consideration. These findings held
regardless of the sex of the child. Our results suggest that working memory deficits represent both
a common cognitive liability for mental health disorders, and a specific liability for externalizing
disorders.
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Comorbidity among mental health disorders is the rule (Angold, Costello, & Erkanli, 1999;
Costello, Mustillo, Erkanli, Keeler, & Angold, 2003; Ford, Goodman, & Meltzer, 2003;
Kessler, Chiu, Demler, & Walters, 2005; Merikangas et al., 2010), and it is neither the result
of methodological artifacts (e.g., referral bias or halo effects), nor of artifacts in our current
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diagnostic system (e.g., overlapping symptomology across disorders: Angold et al., 1999;
Cramer, Waldorp, van der Maas, & Borsboom, 2010). The prevalence of co- and multi-
morbidities has long been a principal limitation of the current categorical nosology of
psychiatric disorders, and is believed to be caused by the existence of latent liabilities that
are shared by syndromes captured within two broad Externalizing and Internalizing
dimensions (Achenbach & Edelbrock, 1978; Krueger, 1999; Lahey et al., 2008).

However, in large national as well as international datasets, strong (~.50) correlations
(Krueger, 1999; Lahey et al., 2008; Wright et al., 2013), and frequent comorbidities (Angold
etal., 1999; Lahey et al., 2008) are also observed across these domains, even among
community samples where the influence of referral bias is reduced. Thus, a comprehensive
taxonomy must account for both the common and discrete nature of mental health disorders.
In response, recent work has found evidence that there also exists a General
Psychopathology factor (or “p-factor”), reflecting latent liabilities shared by all mental
health disorders. This bi-factor model has now been repeatedly validated in children (Caspi
et al., 2014; Tackett et al., 2013), adolescents (Laceulle, Vollebergh, & Ormel, 2015), and
adults (Krueger, 1999; Krueger, Caspi, Moffitt, & Silva, 1998; Lahey et al., 2012). The
existence of the common p- (on which thought disorders load directly: Caspi et al., 2014;
Laceulle et al., 2015), and more discrete Externalizing/Internalizing domains may therefore
explain why disorders tend not to be categorical structures, and why unique and
distinguishing etiologic mechanisms between disorders by and large have not been found.

However, it remains to be seen whether these latent factors ultimately represent and can be
used to identify a common set of transdiagnostic or interactive causal mechanisms predicted
by the principle of multifinality (Cicchetti & Rogosch, 1996), or whether their identity is
limited to a statistical representation of psychopathology severity (Caspi et al., 2014;
Laceulle et al., 2015). There is reason to be optimistic. Genome wide association studies
have identified a limited set of shared genetic risk factors that are associated with multiple
disorders (Malhotra & Sebat, 2012; Smoller et al., 2013), and large twin studies have
similarly found these broad latent factors represent shared genetic and familial influences
(Kendler, Prescott, Myers, & Neale, 2003; Kendler et al., 1995; Young et al., 2009).

And what of the possible downstream psychological mechanisms that mediate the effects of
these genetic risk factors on broader functioning? Indeed, it has been the promise of
endophenotypes that they might close the causal gap between underlying biology and
psychpathology (Gottesman & Gould, 2003). Of the putative cognitive endophenotypes,
executive function is arguably among the most plausible (Pennington & Ozonoff, 1996;
Snyder, Miyake, & Hankin, 2015). Referring broadly to the cognitive control processes
mediated by the prefrontal cortices that enable goal-directed behavior, evidence of executive
dysfunction has been found across a wide range of mental health disorders including
Attention Deficit Hyperactivity Disorder (Barkley, 1997; Willcutt, Doyle, Nigg, Faraone, &
Pennington, 2005), learning disabilities (McLean & Hitch, 1999; Willcutt et al., 2001),
anxiety disorders (Bishop, 2009; Eysenck & Derakshan, 2011), depression (Paelecke-
Habermann, Pohl, & Leplow, 2005; Rogers et al., 2004), bipolar disorder (Quraishi &
Frangou, 2002), schizophrenia (Nieuwenstein, Aleman, & de Haan, 2001), and autism (Hill,
2004; Hughes, Russell, & Robbins, 1994).
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However, extensive comorbidity makes it unclear whether a single or smaller set of disorders
could be driving these group effects, or whether EF deficits are truly transdiagnostic. For
example, evidence of executive and prefrontal dysfunction have been well documented in
conduct disordered, delinquent, and criminal populations (Moffitt, 1993; Raine et al., 1994;
Raine et al., 2005; White et al., 1994) with an average effect size of 0.62 reported in a meta-
analytic review of anti-social behavior (Morgan & Lilienfeld, 2000). But many have since
argued that the EF deficits observed in aggressive and conduct disordered youth are
primarily due to comorbid ADHD (Barkley, Edwards, Laneri, Fletcher, & Metevia, 2001;
Barnett, Maruff, & Vance, 2009; McAlonan et al., 2007; Oosterlaan, Logan, & Sergeant,
1998; Schachar, Mota, Logan, Tannock, & Klim, 2000).

To address the contributions of executive dysfunction to the development of both common p
and discrete internalizing/externalizing domains, Caspi et al (2014) found that worse
performance on two of three EF tasks (CANTAB Rapid Visual Information Processing: A’-
Prime and Trails B, measures of sustained attention and set shifting, broadly speaking) were
each associated with greater severity on the p-factor, but not with severity on the
externalizing or internalizing dimensions. Only Mental Control from the WMS-III, a
measure of verbal fluency, was also associated with the externalizing dimension. There is
therefore at least some evidence that executive dysfunction may be a common risk factor for
the development of psychopathology in general, alongside evidence that verbal dysfluency
confers specific liability for externalizing disorders. However, these analyses are limited by
the study’s use of traditional neuropsychological tasks, which, in the interest of external
validity, are known to tap multiple executive as well as non-executive processes, and leads to
concerns of task impurity. The issue of task impurity is compounded by the use of a single
index of performance. The formation of a latent variable, determined by multiple indices of
the construct, would provide a more pure and reliable measurement of the putative
endophenotype of interest.

To address these issues in the current study, we utilize an SEM approach to evaluate the
degree to which a well-specified cognitive process, working memory, is a critical mechanism
in the development of both broad and discrete forms of psychopathology. Working memory
is a prototypical executive function, and refers to the ability to actively maintain information
in temporary storage while simultaneously manipulating that information. Central to the
construct is an assumption of a limited-capacity domain-general executive, similar to a
controlled attention or supervisory attentional construct (Norman & Shallice, 1986; Shiffrin
& Schneider, 1977). If executive dysfunction is a transdiagnostic mechanism for general
childhood psychopathology, then we would expect that a latent WM factor would not be
associated with either of the externalizing or internalizing domains after variance associated
with the general p-factor was parsed.

Participants

Between 2008 and 2015, /=415 children (7= 170 girls) between the ages of 8 and 12 were
recruited from Centre, York, and Dauphin counties of Pennsylvania to participate in a study
on attention and learning conducted at The Pennsylvania State University. Reflecting

J Abnorm Child Psychol. Author manuscript; available in PMC 2018 November 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Huang-Pollock et al.

Procedures

Page 4

demographics of the region, the sample ethnicity was as follows: 75.7% Caucasian/non-
Hispanic, 7.0% African American/non-Hispanic, 4.1% Caucasian/Hispanic, 1.2% African
American/Hispanic, 1.4% Asian, 7.2% Mixed, and 3.1% other or unknown. Children were
excluded if they (a) were currently prescribed and taking a non-stimulant medication, or (b)
had a parent-reported pervasive developmental disorder, intellectual or sensorimotor
disability, psychosis, or neurological disorder.

To be included in the sample, children were required to meet one of two criteria. Either: (a)
both parent and teacher report of behavior on the Attention, Hyperactivity, or ADHD
subscales of the Behavioral Assessment Scale for Children (BASC-2: Reynolds &
Kamphaus, 2004) or the Conners’ Rating Scales (Conners, 2008) exceeded the 85
percentile (T-score > 60). Or, (b) both parent and teacher report on the same listed indices
were below the 80t percentile T-score < 58).

All participants completed the following measures as part of a larger test battery completed
during two 3-hour test sessions. Any children prescribed a psychostimulant medication
(N=95, 23%) were required to complete a medication-free 1-2 day “wash-out” period (mean
=75 hours, median =57, range =22-544) before testing. All data were collected in
compliance with human subjects’ approval from the Pennsylvania State University
Institutional Review Board (IRB#32126). Informed written consent from parents and verbal
assent from children were obtained prior to participation. Children received a small prize for
participation. Parents received monetary compensation and informal clinical feedback.

Measures of psychopathology—Parent report (88% mothers) of behavior and
socioemotional functioning on the BASC-2, as well as past-year symptom counts for
Generalized Anxiety Disorder (GAD), Major Depressive Disorder (MDD), Dysthymia
(DD), Oppositional Defiant Disorder (ODD), and ADHD on the Diagnostic Interview
Schedule for Children-1V (DISC-1V: Shaffer, Fisher, Lucas, Dulcan, & Schwab-Stone, 2000)
were obtained as indices of psychopathology.

Working memory tasks—A mix of verbal and non-verbal complex and backwards span
tasks was used to form the latent WM factor. For all tasks, one point was awarded per
correct recall of the entire trial. Reading span. This computer administrated program written
in Eprime was obtained from Randall Engle and colleagues, and modified for use in school
aged children. Children read aloud simple sentences based on Towse, Hutton, & Hitch
(1998) and made true/false decisions with a right or left mouse click. Immediately following
their response, a letter of the alphabet appeared, and children were told to remember the
letter. The number of sentence/letter pairs increased in size from two to seven, and after all
pairs of an element were presented, children were asked to recall the letters/targets in the
order they were presented. Three items were presented per set size, and the task was
discontinued if children failed all items of a set size. Digits backwards. Children completed
the Digits Backwards subtest of the WISC-IV (Wechsler, 2003). Children listen to a trained
research assistant read a series of digits at a rate of one per second. They were then asked to
recall the digits out loud in the correct backwards sequence. Two sets of digits are recited per
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digit span length, and the task is discontinued when the child could not correctly recall either
set of digits within the same span length. Finger windows backwards. This task was adapted
from Finger Windows Forwards subtest of the WRAML-2 (Sheslow & Adams, 2003).
Children watched a trained research assistant place the tip of a pen through holes or
“windows” on an opaque plastic board one at a time, at the rate of one per second. Children
were asked to place their finger in the holes in the correct backwards sequence. Two sets of
window sequences were performed per span length, and the task was discontinued when the
child could not correctly recall either set of windows with the same span length.

Data Analyses

Results

Modeling was carried out using Mplus 7 (Muthen & Muthen, 2012). A maximum likelihood
estimator with robust standard errors (MLR) was used to account for the non-normal
distribution of the continuous BASC variables and DISC symptom counts (models 1, 1b and
2). In models where manifest variables were composed of binary ADHD and ODD
symptoms, a weighted least squares means and variance adjusted (WLSMV) estimator
(Brown, 2015; Enders, 2010) was used to account for non-normal distributions of these
variables (models 3 and 4). MLR and WLSMYV estimators are recommended for use with
these variables types and provide adequate model estimates when missing values are
relatively few (Brown, 2015; Enders, 2010), as they were herein (See Table 1).

Because chi-square is sensitive to large sample size, model fit was also evaluated using the
following indices of practical fit: TLI (Bentler & Bonett, 1980; Hu & Bentler, 1999; Tucker
& Lewis, 1973), CFI (Bentler, 1990), and RMSEA (Browne & Cudeck, 1992; Steiger &
Lind, 1980).

A full account of descriptive values including skew, kurtosis, value ranges, and % missing
data can be found in Table 1.

Model 1: Bifactor Model of Psychopathology

Using a confirmatory factor analysis (CFA), we fit a bifactor model in which (a) parent
reported symptom counts on the DISC for GAD and MDD/DD, as well as the Internalizing
composite score of the BASC-2 loaded onto an Internalizing factor; (b) parent reported
DISC symptom counts for ODD, Inattention, Hyperactivity/Impulsivity, as well as the
Externalizing composite score for the BASC-2 loaded on the Externalizing factor; (c) and a
General Psychopathology factor (p-factor) on which all indices loaded. The solution for this
initial model was inadmissible due to negative residual variance. We then tested an
alternative model where we assumed the loadings of Inattention and Hyperactivity/
Impulsivity composite scores on the Externalizing and p- factors were equal. We did this
under the assumption that each contributes equal information regarding the presence of
ADHD symptomology (Marsh, Byrne, & Craven, 1992). The model converged, but model
fit was poor: ;(2(9, N=415) =52.21, CFl =.959, TLI =.904, RMSEA = .108, 90% CI [.08-.
137]. Examination of the modification indices indicated that correlations between inattention
symptoms and the BASC internalizing score, and between ODD and MDD/DD symptoms,
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remained unaccounted for by the model. Due to conceptual and symptom overlap between
inattention and internalizing symptomology, and between ODD and MDD/DD
symptomology (e.g., inattention, irritability), these residuals were allowed to correlate in
Model 1b. Results for Model 1b are shown in Table 2, and the model is depicted in Figure 1.
This model fit the data well: ¥%(7, N=415) = 8.729, CFl = .998, TLI = .995, RMSEA =
024, 90% CI [.000-.068].

Model 2: Does WM represent a general cognitive risk factor for psychopathology?

We next tested the degree to which working memory capacity could represent the cognitive
liability associated with general psychopathology. Working memory capacity was
represented by a latent variable composed of Reading Span, Digit Span Backwards, and
Finger Windows Backwards. Loadings onto the Working Memory factor were all positive
and highly significant (all ps< .001). Standardized coefficient estimates for these loadings
averaged to 0.572. Results are shown in Table 2, and the model is depicted in Figure 2. This
model fit the data well: X2(25, N=415) = 42,995, CFIl =.987, TLI =.976, RMSEA =.042,
90% CI [.019-.062].

Working Memory significantly predicted the externalizing factor (p<.001), with a
standardized estimate value of —0.407, as well as the general p-factor (p<.001), with a
standardized estimate value of —0.253. Working memory was not significantly associated
with the internalizing factor (p=.711). Therefore, working memory continued to be
independently associated with externalizing factors even after variance associated with the
p-factor was accounted for, but the same was not true for internalizing disorders.

Are there more nuanced symptom profiles that are driving this apparent association between
WM and the externalizing dimension? Bifactor models of ADHD and the disruptive
behavior disorders have also been fit (Arias, Ponce, Martinez-Molina, Arias, & Nufiez,
2016; Martel, Gremillion, Roberts, von Eye, & Nigg, 2010; Martel, Roberts, Gremillion, von
Eye, & Nigg, 2011; Martel, von Eye, & Nigg, 2012; Martel, von Eye, & Nigg, 2010; Toplak
et al., 2009; Toplak et al., 2012) and significant bivariate correlations have been reported
between (a) performance on the stop signal reaction time task (a measure of inhibitory
control) and Trails A/B (a broad measure of set shifting) and (b) latent factor scores for
hyperactivity/impulsivity and a general ADHD (but not a specific inattention) factor (Martel
etal., 2011). That being said, it’s not clear whether the associations between the specific
hyperactivity factor and performance would have remained significant if the relationship to
general ADHD had been simultaneously parceled, or if more robust/latent indices of
executive control had been used.

In the next set of analyses, we attempt to replicate and extend previous findings. We fit a
bifactor model to ADHD and ODD symptoms, and determine the degree to which the
relationship between working memory and externalizing disorders in Model 2 reflects (a) its
importance to the development of disruptive behavior disorders, generally, or, (b) whether
the association of working memory with the externalizing dimension is driven by specific
inattentive, hyperactive/impulsive, or oppositional behavior.
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Model 3: Bifactor model of externalizing disorders

Using individual symptom counts from the DISC-1V, we next fit a model in which the nine
inattention items loaded onto an Inattention (1A) factor; the 9 hyperactive/impulsive items
loaded onto a hyperactive/impulsive (HI) factor; the 8 oppositional defiant items loaded onto
an oppositional (ODD) factor; and a general externalizing factor, for which all indices
loaded. Results are shown in Table 3, and the model is depicted in Figure 3. The model fit
the data well: x2(273, N'=415) = 353.036, CFI (.995), TLI (.994) and RMSEA = .027, 90%
Cl [.018-.034].

Model 4: Does WM represent a cognitive risk factor for externalizing disorders broadly?

In the last series of analyses, we tested the degree to which WM was associated with the
broad vs. discreet externalizing dimensions. Results are shown in Table 3, and the model is
depicted in Figure 4. The model fit the data well: X2(347, N=415) = 463.449, CFI1 (.993)
TLI (.992), and RMSEA = .028, 90% CI [.021-.035].

Working Memory was negatively associated with the broad Externalizing factor (0<.001),
with standardized estimate values of —0.576; none of the specific factors were significantly
predicted by working memory (all p< 0.294, all p>.09).

Inclusion of Conduct Disorder symptoms

We excluded CD from analyses because in this age range, the base rate for the majority of
symptoms (e.g., rapes, fire setting, running away overnight, etc.) are generally too low to
allow their inclusion. However, results and interpretations did not change when the CD
symptoms that could be included (i.e., lying, stealing, bullies, cruelty to animals, and
destruction of property) were included. For Model 2, WM predicted both the general p-
factor, p = —.288, p< .001, and externalizing, p = —.383, p<.001, but not internalizing factor,
B =.026, p=.77. Similarly, for Model 4, WM was associated with the broad externalizing
factor, p= —.558, p<.001, but not the specific inattention, hyperactive, or ODD/CD factors
(all p< .248, all p>.14).

Evaluation of possible sex effects

When the factor scores for externalizing, internalizing, and general psychopathology were
output and saved, boys had greater externalizing, /(413) = .-.171, p< .01, and general
psychopathology, (413) = .-.143, p< .01, but there were no gender differences in general
internalizing psychopathology, 1(413) = -.083, o> .05. To determine whether the
relationship between WM and psychopathology was equivalent across girls and boys, we
examined model 2 based on Joreskog’s hierarchy (Joreskog, 1971). Fit statistics for each
step of the model can be found in Table 4. We first fit the model separately for boys (Model
2.0M) and girls (Model 2.0F). Fit was also good in a two-group model (Model 2.1) where all
parameters were estimated separately in the two gender groups. Because model 2.1 fit well,
we then tested a model (Model 2.2) in which factor loadings were constrained to be equal
across both groups. Again, the fit statistics suggested this model fit the data well.
Comparison of models 2.1 and 2.2 using the Satorra-Bentler Scaled Chi Square difference
(Satorra & Bentler, 2001, 2010) was not statistically significant, Xz(df:9) =11.27, ns. This
indicates that the factor loadings in the two groups are statistically invariant, and that there
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are no meaningful difference in the factor structure between boys and girls. Finally,
regression weights from the WM factor to the internalizing factor, externalizing factor, and
general p-factor were constrained to be equal across groups (model 3a). Again, the model fit
well and was statistically invariant from Model 2.2, Xz(df:3) = 3.46, ns.

Discussion

Supported by a substantial body of literature, contemporary understanding of psychiatric
taxonomy includes both broad and discrete dimensional liabilities. But, the external
validation of these liabilities and demonstration of their ultimate usefulness for identifying
underlying mechanism is ongoing, and is less commonly addressed. Existing work reporting
significant bivariate correlations between dimensional factor scores and individual measures
of neuropsychological performance have found that sustained attention and set shifting are
associated with the general psychopathology factor, and that verbal fluency is associated
with both the general psychopathology and the specific externalizing dimension (Caspi et
al., 2014). Within an ADHD bifactor model, performance on inhibitory control and set
shifting tasks are associated with a general ADHD factor as well as a specific hyperactivity/
impulsivity (but not inattention) factor (Martel et al., 2011).

However, the analytic approach adopted by this prior work does not answer whether the
associations between the specific factors and neuropsychological performance would survive
after the more general factors are taken into consideration, or if more robust/latent indices of
executive control and cognitive performance had been used. Thus, a clear strength of the
current study was its use of an SEM approach capable of simultaneously evaluating the
unique relationships of a well-specified latent cognitive process (WM), to both specific and
general liabilities for psychopathology.

We found that externalizing disorders were independently and disproportionately associated
with WM impairments after accounting for the relationship of WM with general
psychopathology, upholding the general pattern of relationships Caspi et al. (2014) reported.
When a bifactor model of externalizing symptomology was fit to further explore this
relationship, WM capacity was only correlated with the general externalizing dimension;
correlation with the specific inattention, hyperactive/impulsive, and oppositional factors did
not survive once the general dimension was taken into consideration. Though theory-based
explanations might be advanced by way of explaining discrepancies with Martel et al. (2011;
e.g., possible developmental timing effects. Martel et al. (2011) utilized a wider 6-18 year
age range), it is more likely that the association of cognitive performance to the specific
hyperactivity/impulsivity dimension would not have survived after the more general factor
were taken into consideration, as it did not in our analyses. To better characterize
developmental timing effects it would be important for future studies to combine an SEM
approach with a wider age range than allowed by the current study. Overall, these results
indicate that although individual differences in WM capacity predict general psychiatric
severity, WM deficits are particularly and uniquely associated with the severity of
externalizing disorders.
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In line with major conceptualizations of WM (e.g., Baddeley, 1986; Daneman & Carpenter,
1980; Engle, Kane, & Tuholski, 1999), we included both verbal and visuospatial working
memory tasks that allowed us to model the domain-general central executive which is at the
core of the WM construct (Barrouillet, Bernardin, & Camos, 2004; Kane, Conway,
Hambrick, & Engle, 2007; Unsworth & Engle, 2006, 2007). As an index of variance shared
among three well-validated measures of WM, our latent factor was less vulnerable than
single indices of performance to concerns of task impurity, unreliability, and measurement
error, which provided a degree of confidence and ease of interpretation that was missing
from previous studies. This approach may also be used in the future to clarify the specific
contributions of other potential endophenotypes including latent indices of “set shifting” and
“common” EF (Snyder et al., 2015).

Interestingly, in a sample of 5-11 year old girls followed longitudinally for 5 years, Lahey et
al. (2015) found that over and above the association with general psychopathology, the
externalizing dimension was independently associated with concurrent and prospective
academic difficulty (i.e., grade retention and the use of special education services), as well
as with prospective teacher reported academic achievement in reading, spelling, and
mathematics. Because WM is crucial to the development of skilled cognition and behavior
(Anderson, 1982; Logan, 1992) and demonstrates strong longitudinal associations with
academic achievement (Bull, Espy, & Wiebe, 2008; Geary, 2011; Raghubar, Barnes, &
Hecht, 2010), together, the pattern of these results suggest that working memory deficits
may be a common mechanism that places children at specific risk for both externalizing
disorders and poor academic outcomes.

Though our formation of a latent WM construct remains a strength of the study, recall
accuracy was the manifest outcome variable for the complex and backwards span tasks used
herein. This represents a standard approach, even though global processing speed (alongside
the central executive) is known to drive both individual (Karalunas & Huang-Pollock, 2013;
Weigard & Huang-Pollock, in review) and developmental (Case, Kurland, & Goldberg,
1982; Fry & Hale, 1996, 2000; Kail, 1992, 2007; Kail & Salthouse, 1994) differences in
performance. Arguably one of the best ways to incorporate accuracy and speed of
performance into a single set of indices is through a computational approach known as
diffusion modelling (Ratcliff & McKoon, 2008). This approach, which has long been used in
the cognitive sciences and cognitive neurosciences, has recently begun to be adopted in the
developmental (Cohen-Gilbert et al., 2014; Ratcliff, Love, Thompson, & Opfer, 2012), aging
(Ratcliff, Thapar, & McKoon, 2004, 2011; Starns & Ratcliff, 2010), and clinical (Huang-
Pollock et al., 2016; Huang-Pollock, Karalunas, Tam, & Moore, 2012; Karalunas, Huang-
Pollock, & Nigg, 2012; Moustafa et al., 2015; Weigard, Huang-Pollock, & Brown, 2016;
Weigard & Huang-Pollock, 2014; Wiecki, Poland, & Frank, 2015) literatures.

Unlike performance indices that are restricted to mean reaction time or mean accuracy, this
approach relies on the shape of the reaction time distributions for both error and correct
responses to output a comprehensive set of performance parameters. It thereby provides a
more complete picture of performance than variables that rely on accuracy or RT alone.
However, the diffusion model is only applicable for forced choice RT tasks, so that
methodology could not be used in the current study. But, future work utilizing well-validated
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EF tasks that are amenable to that type of analysis and data collection, would be important.
It may be that these more sensitive performance indices might alter the patterns of
associations and interpretations that were found here.

In addition to considering how alternative indices of cognitive performance might influence
results, it also bears mentioning that the identity of the reporter (parent, teacher, or child)
and the strategy used to combine those reports (Youngstrom, Loeber, & Stouthamer-Loeber,
2000) can alter rates of comorbidity (Achenbach, McConaughy, & Howell, 1987; Collishaw,
Goodman, Ford, Rabe-Hesketh, & Pickles, 2009; De Los Reyes & Kazdin, 2005;
Youngstrom et al., 2000). Because teachers may be less sensitive to internalizing symptoms
(Abikoff, Courtney, Pelham, & Koplewicz, 1993), and children similarly demonstrate poor
insight into their own externalizing behaviors (Youngstrom et al., 2000), we chose to utilize
parent report of behavior in the absence of clear guidelines on how to incorporate multiple
informant reports (De Los Reyes & Kazdin, 2005). Reassuringly, previous research has
found that child indices of cognitive functioning are equally associated with parent and
teacher ratings of psychopathology (Collishaw et al., 2009), but future studies investigating
this further would of course be important. Similarly, future studies examining how these
relationships may or may not change when self-report, father, or other primary caregiver
report is utilized, as well as at different stages of development (e.g., adolescence), would
also be important.

In contrast to findings for the externalizing domain, WM capacity was not significantly
associated with the internalizing dimension once variance attributed to general and
externalizing psychopathology were taken into consideration. These results may not be
entirely surprising. For example, although models of anxiety have suggested that an
important consequence of chronic rumination and worry should be manifest as worse
working memory (Eysenck & Derakshan, 2011; Pessoa, 2009), as well as loss of inhibitory
control over time due to ego depletion (Granic, 2014), empirically, broad evidence of such
impairments have been difficult to consistently document (Berggren & Derakshan, 2013).
Ongoing work in the area suggests that chronic rumination and worry may simultaneously
increase motivation to perform well, thus cancelling out any performance deficits that might
otherwise have been observed (Braver et al., 2014; Edwards, Edwards, & Lyvers, 2015;
Pessoa, 2009). Similarly, substantial heterogeneity in neurocognitive performance is also
found in depression (McClintock, Husain, Greer, & Cullum, 2010), with evidence that
executive dysfunction is not observed among depressed patients who demonstrate valid
effort during testing (Benitez, Horner, & Bachman, 2011; Rohling, Green, Allen, & Iverson,
2002). However, even though motivation-cognition interactions on performance are relevant
to a wide range of processes outside of WM (Botvinick & Braver, 2015; Braver et al., 2014)
and are also observed among externalizing disorders (Luman, Oosterlaan, & Sergeant,
2005), the association between externalizing behavior and executive dyscontrol survives
even when task engagement is controlled (Huang-Pollock et al., 2016; Huang-Pollock,
Mikami, Pfiffner, & McBurnett, 2007; Shanahan, Pennington, & Willcutt, 2008; Shiels et
al., 2008).

Among the school aged children in our study, externalizing and general psychopathology
was greater among boys; there were no gender differences in internalizing disorders. Such
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results are consistent with other developmental work in this age range demonstrating greater
preponderance of externalizing disorders in boys. It is also consistent with work finding the
female preponderance for depression and anxiety is most clearly evident in the teenage years
(Crick & Zahn-Waxler, 2003; Essex et al., 2006; Kessler et al., 1994; Zahn-Waxler,
Shirtcliff, & Marceau, 2008). However, there were no meaningful gender differences in
factor structure, and the regression weights between WM and psychopathology latent factors
were equivalent between groups. Thus, regardless of how gendered the expression of
psychopathology may be, we find that the cognitive liability WM deficits confer to the
severity of psychopathology in general, and to the specific externalizing direction, are the
same regardless of the gender of the child.

Our sample represented a range of severity from typically developing children to those with
psychiatric disorders, but was primarily driven to recruit children with ADHD and their non-
ADHD peers. We believe our results to be broadly applicable to understanding the cognitive
mechanisms involved in the development of psychopathology generally, particularly because
ADHD represents one of the most common childhood psychiatric disorders, in which
25-50% of children meet criteria for a concurrent anxiety disorder (Angold et al., 1999;
Biederman, Newcorn, & Sprich, 1991; Jensen, Martin, & Cantwell, 1997; Tannock, 2009),
20-30% meet criteria for a concurrent depressive disorder (Angold et al., 1999; Meinzer,
Pettit, & Viswesvaran, 2014), and 30-50% meet criteria for concurrent ODD/CD (Angold et
al., 1999; Biederman et al., 1991). Thus, in many ways, ADHD represents the ideal
childhood mental health disorder in which to conduct such an inquiry. Indeed, our results are
strikingly consistent with data reported in the large longitudinal and epidemiological
Dunedin sample which found neuropsychological performance to be associated with both
the general psychopathology and specific externalizing dimensions (Caspi et al., 2014).
However, even conservatively interpreted within an ADHD framework, our findings still
suggest that individual differences in working memory predicts overall psychiatric severity
among children with ADHD, but that such capacity is particularly and uniquely associated
with externalizing severity in that population.

Conclusions

Overall, we found evidence that working memory deficits are uniquely and
disproportionately associated with externalizing disorders, over and above that of general
psychopathology, and regardless of the gender of the child. If such findings were to hold in
longitudinal and epidemiological samples, it would suggest that poor working memory
raises the risk for the development of psychopathology, generally, while simultaneously
raising the risk for an externalizing disorder, specifically. The same could not be said for
internalizing disorders, despite the fact that executive function impairments (and working
memory specifically) have been invoked in many well regarded theories of those disorders.
These findings are consistent with the ongoing discussion and search for dimensional
liabilities that influence the development of mental health problems.
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Model 1b, bifactor model of psychopathology. Non-significant paths shown as dotted lines.
Int Prob = BASC-2 Internalizing problems composite; GAD = Generalized Anxiety
Disorder; MDD/DD = Major Depressive/Dysthymic disorder; Ext Prob = BASC-2

Externalizing problems composite; ODD = Oppositional Defiant Disorder; IN = Inattention;

HI = Hyperactivity/Impulsivity
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Anxiety Disorder; MDD/DD = Major Depressive/Dysthymic Disorders; Ext Prob = BASC-2
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Nonsignificant paths shown as dotted lines
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Table 1
Descriptives

Min Max M ean #Sxs N meetingdx  Skewness Kurtosis %

#SXs #SXs (SD) criteria #SXxs #SXs Missing
Inattention 0 9 4.85 (3.48) 269 -0.27 -1.55 0%
Hyperactive/l mpulsive 0 9 3.17 (3.00) (aggb@,leD 0.51 -111 0%
ODbD 0 8 2.11 (2.40) 110 .90 -.49 0%
MDD/DD 0 9 0.54 (1.51) 13/5 3.04 8.82 0%
GAD 0 7 0.8 (1.68) 33 231 4.48 0%

Min Max N (%)

T-score T-score T-score> 60

BASC-2 Ext T-score 34 104 55.4313 (13.05) 126 (30.4%) 0.89 0.50 0%
BASC-2 Int T-score 30 120 53.0867 (14.01) 96 (23.1%) 111 1.76 0%

Min Max N (%) SS< 8
DSB raw score 0 12 6.61 (1.67) 129 (17.1%) 0.44 0.93 0%
FWB raw score 1 20 8.99 (3.45) N/A 0.21 -0.11 6.02%
Reading span raw score 0 48 8.24 (8.03) N/A 1.56 2.86 2.89%

Note. Sxs = Symptoms, Dx = Diagnostic, ODD = Oppositional Defiant Disorder, MDD/DD= Major Depressive/Dysthymic Disorder,
GAD=Generalized Anxiety Disorder, Ext = Externalizing Composite, Int = Internalizing Composite, SS = Scaled Score, DSB=Digit Span
Backwards, FWB=Finger Windows Backwards.

Note 2. ADHD diagnoses (see Huang-Pollock et al., 2016, for full details) were made via standardized ratings of behaviors provided by parents and
teachers, as well as structured diagnostic interview of the primary care provider (DISC-1V) to confirm age of onset, duration, cross-situational
severity, impairment, and symptom count (using the “or” algorithm to integrate DISC and teacher report, following DSM-1V field trials: Lahey et
al., 1994). Other DSM-IV diagnoses were identified using DISC-IV algorithms that include duration, impairment, and symptom count (age of onset
restrictions and cross situational severity are not required for diagnoses of ODD, MDD/DD, or GAD).
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Table 2
Model Fit Statistics

Model X2 df CFI TLI  RMSEA
1 52.217% 9 0.959 0.904 0.108
1b 8.729 7 0.998 0.995 0.024

2 44995% 25 0.987 0.976 0.042
3 353.036° 273 0.995 0.994 0.027

4 463.449° 347 0.993 0.992 0.028

Note. For chi-squares, /= 415. RMSEA = Root-mean-square error of approximation; CFI = comparative fit index, TLI = Tucker-Lewis Index.

*
p<.01.
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Correlations of Manifest Variablesin Model 2

Table 3

IN HI ODD  MDD/DD GAD  EXT INT DSB  FWB
HI 6747
OobD 5357 565"
MDD/DD 219 220™ 4357
GAD 278" 320" 3237 468"
EXT 6327 705™F 62" 3547 3827
INT 4257 343 374 am™” 623" 504™"
DsB -233"" -222™" -154* 018 -006  _j136™* —072
FWB -320"" -272™ -212™* -091 -107% -263"" -140"" 302**
RSPAN — _ 70 -091  _4gg™* -.092 —041 _135™ -109%  334™" 354

Page 26

Note. IN= Inattentive, HI=Hyperactive/Impulsive, ODD = Oppositional Defiant Disorder, MDD/DD= Major Depressive/Dysthymic Disorder,

GAD=Generalized Anxiety Disorder, EXT= BASC-2 Externalizing problems composite, INT= BASC-2 Internalizing problems composite,

DSB=Digit Span Backward, FWB=Finger Windows Backward, RSPAN=Reading Span.

*
p<0.05

*:

*
p<0.01
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Table 4
Fit statisticsfor models assessing factor loading and path invariance across boys and girls

Model x 2 df RMSEA CFI TLI
2.0M 44.030 25 0.056 0.975 0.955
2.0F 27.683 25 .025 .995 .992
21 72.539 52 0.044 0.985 0.974
22 83.376 61 0.042 0.983 0.976
Model 22vsModel 21 11.27 (ns) 9 .006 .01 .01
3a 86.890 64 .043 0.983 0.975
Model 3avsModel 2.2 346 (ns) 3 .001 0.000 0.001
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