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Abstract

Growing evidence suggests that childhood ADHD is associated with larger impairments in
working memory relative to inhibition. However, most studies have not considered the role of
co-occurring anxiety on these estimates — a potentially significant confound given prior evidence
that anxiety may increase working memory difficulties but decrease inhibition difficulties for
these children. The current study extends prior work to examine the extent to which co-occurring
anxiety may be systematically affecting recent estimates of the magnitude of working memory/
inhibitory control deficits in ADHD. The carefully-phenotyped sample included 197 children with
ADHD and 142 children without ADHD between the ages of 8 and 13 years (A=339; Mage=10.31,
SD=1.39; 144 female participants). Results demonstrated that ADHD diagnosis predicted small
impairments in inhibitory control (¢=0.31) and large impairments in working memory (4=0.99).
However, child trait anxiety assessed dimensionally across multiple informants (child, parent,
teacher) did not uniquely predict either executive function, nor did it moderate estimates of
ADHD-related working memory/inhibition deficits. When evaluating anxiety categorically and
controlling for ADHD, anxiety diagnosis predicted slightly befterworking memory (¢=0.19) but
not inhibitory control for clinically evaluated children generally. Findings from the current study
indicate that trait anxiety, measured dimensionally or categorically, does not differentially affect
estimates of executive dysfunction in pediatric ADHD. Further, results suggest that trait anxiety is
generally not associated with executive dysfunction above and beyond the impact of co-occurring
ADHD. Future research is needed to further assess the role of anxiety in ADHD behavioral
symptomatology, neurocognitive functioning, and mechanisms underlying these relations.
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Executive

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder that
impacts approximately 5% of children and is associated with chronic functional difficulties
across the lifespan (Polanczyk et al., 2014). In addition to difficulties that arise from
ADHD, co-occurring conditions are common and can affect the valence and magnitude

of functional outcomes for these children (Larson et al., 2011; Chan et al., 2022a). For
example, approximately 25% of children with ADHD meet diagnostic criteria for an
anxiety disorder (Jarrett & Ollendick, 2008; Tannock, 2009). While the exact nature of

the co-occurrence between ADHD and anxiety remains unclear (for reviews, see Jarrett &
Ollendick, 2008; Schatz & Rostain, 2006), emerging evidence suggests that co-occurring
anxiety may exacerbate or present new difficulties for children with ADHD in some
functional domains (Bishop et al., 2019; Overgaard et al., 2016) while potentially buffering
against or masking difficulties in other domains (Chan et al., 2022b; Maric et al., 2018).
Executive functions are one area in which this interplay may be of particular importance,
such that co-occurring anxiety symptoms may help to explain the larger working memory
relative to inhibitory control deficits seen in this population (Jarrett & Ollendick, 2008;
Karalunas et al., 2017; Kofler et al., 2019; Tannock, 2009). To that end, the present study
examined the extent to which child trait anxiety, measured dimensionally and categorically,
produces systematic over- or under-estimates of ADHD-related executive function deficits.

Functions and Anxiety

Executive functions are interrelated, higher-order processes that regulate and enable
cognition, goal-directed behaviors, and problem solving (Miyake et al., 2000). Various
models of executive function based on empirical and theoretical work have included three
primary executive function domains including working memory, inhibitory control, and set
shifting (e.g., Huizinga et al., 2006; Miyake et al., 2000; St Clair-Thompson & Gathercole,
2006). However, inhibitory control and working memory are the focus of the current study
due to developmental research suggesting that set shifting likely does not become a distinct
ability until adolescence or early adulthood, while earlier performance on set shifting tasks
depends heavily on working memory and/or inhibition processes (Irwin et al., 2019, 2022;
Karr et al., 2018). Briefly, inhibitory control refers to processes that support the ability

to withhold or stop a dominant and/or on-going response (Alderson et al., 2007), while
working memory involves the active, top-down manipulation of information held in short-
term memory through interrelated functions of updating, dual-processing, and temporal/
serial reordering (Fosco et al., 2020).

Interestingly, whereas several theoretical models conceptualize executive function deficit(s)
as underlying causes of ADHD (Barkley, 1997; Kofler et al., 2020; Rapport et al., 2001; cf.
Halperin & Schulz, 2006; van Lieshout et al., 2013), they tend to be viewed as outcomes
of anxiety disorders or involved in development and maintenance of anxiety symptoms
(Eysenck et al., 2007; Ferreri et al., 2011; Hirsch & Mathews, 2012). Greater trait anxiety

Res Child Adolesc Psychopathol. Author manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Marsh et al.

Page 3

in childhood and adolescence has been associated with both impaired working memory
and inhibitory control in some non-ADHD studies, however, results have been mixed (e.g.,
Alfonso & Lonigan, 2021; Moran, 2016; Ursache & Raver, 2014; Wright et al., 2014),
which may reflect methodological differences including measurement of both working
memory/inhibitory control (e.g., different tasks, questionnaire-based reports) and anxiety
(e.g., dimensional versus categorical, state versus trait), lack of control for co-occurring
ADHD symptoms/diagnoses, as well as collapsing across adult and child samples versus
examining these relations in children specifically. In contrast, a different pattern appears
to emerge when examining the impact of anxiety on executive functions in children with
ADHD as described below.

ADHD, Anxiety, and Executive Functions

Inhibitory Control

Although trait anxiety may be associated with /increased inhibitory control difficulties in
non-ADHD children and adolescents as noted above, emerging evidence suggests that
anxiety may decrease, or buffer against, inhibition difficulties in individuals with ADHD
(Jarrett et al., 2016; Schatz & Rostain, 2006; Tannock, 2009), thus obfuscating attempts

to estimate the magnitude of inhibition deficits in children with ADHD. Conceptual

models propose that this buffering or masking effect occurs via an anxiety-related increase
in motivation, effort, and impulse control (Jarrett et al., 2016; Tannock, 2009), greater
recruitment of cognitive resources and increased effort to compensate for ADHD-related
impairments in attentional control (Eysenck et al., 2007), and/or increased physiological/
cortical arousal that in turn temporarily actuates underdeveloped prefrontal structures that
support executive functioning (Arnsten, 2009; Ruf et al., 2017; Shaw et al., 2007). Stated
differently, these models suggest that the hypothesized over-inhibited behavioral style
characteristic of anxiety may interact with the under-inhibited behavioral style characteristic
of ADHD, resulting in inhibition performance that falls in between either condition and thus
more similar to their neurotypical peers.

Indeed, meta-analytic evidence suggests that individuals with ADHD and a co-occurring
anxiety disorder demonstrate better inhibition than those with ADHD alone (Lipszyc &
Schachar, 2010; Maric et al., 2018), although their performance continues to fall below
that of healthy controls (Lipszyc & Schachar, 2010). In the time since those reviews,
additional evidence has emerged suggesting that children with ADHD and co-occurring
anxiety demonstrated better inhibitory control compared to children with ADHD alone
(Menghini et al., 2018; Yurtbas! et al., 2018). At the same time, most prior research in this
area has utilized categorical definitions of anxiety despite increased emphasis on examining
the role of anxiety symptoms dimensionally given that anxiety disorders reflect extremes
along natural continuums of characteristics that are normally distributed across the general
population (Castagna et al., 2019; Read et al., 2020). Among studies that have examined
anxiety symptoms dimensionally, it remains unclear whether clinically significant levels of
anxiety are necessary to see effects of anxiety on inhibition performance in ADHD due to
mixed results that may be an artifact of using single tasks to estimate inhibition (Ruf et al.,
2017; Bloemsma et al., 2013; Adamo et al., 2021; Read et al., 2020) given that the majority

Res Child Adolesc Psychopathol. Author manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Marsh et al.

Page 4

of variance in any given neurocognitive task is likely due to processes other than the specific
ability we intend to measure (e.g., the task impurity problem; Snyder et al., 2015).

Working Memory

In contrast to co-occurring trait anxiety potentially producing significant underestimates of
inhibition deficits in children with ADHD, it may be producing significant overestimates

of ADHD-related working memory deficits (Jarrett et al., 2016; Schatz & Rostain, 2006;
Tannock, 2009). Similar to findings in studies of non-ADHD children and adolescents (for
meta-analysis, see Moran, 2016), influential theoretical models suggest that anxiety may
impede retention and processing of information within working memory (Jarrett et al., 2016;
Tannock, 2009). Conceptually, this exacerbating effect is thought to occur because anxiety
reduces encoding/filtering efficiency by prioritizing bottom-up, threat-related cues (e.g.,
worry thoughts or external stimuli; Moran, 2016). These threat-related cues are thought

to reduce bandwidth for storing/processing task-relevant information and create additional
dual-processing demands by allocating resource-limited internal focus of attention and
short-term storage space to anxiety-provoking stimuli/thoughts (Eysenck et al., 2007; Fosco
et al., 2020). Relatedly, it has been suggested that greater levels of trait anxiety further
impair performance by eliciting concerns about competency and performance (state anxiety)
during working memory tests, which may be even more likely to occur for children with
ADHD given their objective difficulties on these types of tests (Read et al., 2020; Schatz &
Rostain, 2006; Karalunas et al., 2017; Kofler et al., 2019).

Indeed, Read et al. (2020) found that higher levels of anxiety symptoms were related to
worse working memory above and beyond ADHD symptom severity in children diagnosed
with ADHD and comorbid anxiety. Similarly, Castagna et al. (2019) found that greater
ADHD symptoms were related to worse working memory in children with high, but not
low, anxiety in a sample of non-clinical youth, suggesting that anxiety symptoms may
impact working memory test performance across the continuum of anxiety symptoms
rather than only at clinically elevated levels. In contrast, a meta-analytic review found no
working memory differences between children with ADHD and those with co-occurring
ADHD+anxiety (Maric et al., 2018), although conclusions may be limited because most
included studies used working memory tests that have been criticized for measuring short-
term memaory and/or gross neuropsychological functioning rather than working memory
specifically (for reviews, see Rapport et al., 2013; Snyder et al., 2015). Taken together,

the available evidence, while mixed, positions anxiety as a critical confound that may be
systematically producing overestimates of working memory deficits in ADHD - a critical
consideration given that most ADHD studies have not controlled for anxiety when reporting
estimates of working memory (or inhibition) deficits in this population.

Current Study

Taken together, prior literature suggests that trait anxiety may be both obfuscating
(inhibition) and inflating (working memory) the field’s estimates of the magnitude of
executive function impairments in pediatric ADHD (Bloemsma et al., 2013; Maric et al.,
2018; Ursache & Raver, 2014). The current study seeks to clarify the extent to which anxiety
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may reflect a key confound in these efforts by examining anxiety’s impact on the magnitude
of working memory and inhibition deficits in children with ADHD relative to children
without ADHD in a carefully phenotyped, clinical child sample, including those with

and without co-occurring anxiety disorders, using well-validated assessments of working
memory and inhibitory control. Based on the evidence reviewed above, we hypothesized
that greater anxiety would significantly reduce estimates of ADHD-related inhibitory control
deficits. In contrast, based on prior mixed evidence, we predicted that greater anxiety would
inflate estimates of working memory deficits in children with ADHD, and be associated with
lower working memory abilities in both children with and without ADHD.

The sample included 339 children between the ages of 8 and 13 years (M= 10.31, SD

= 1.39; 144 female participants) from the Southeastern U.S. recruited through community
resources for participation in a clinical research study of the neurocognitive mechanisms
underlying pediatric attention and behavior problems. The Florida State University IRB
approved the study prior to and throughout data collection, and parents and children gave
written informed consent/assent. Sample ethnicity consisted of 228 White Not Hispanic or
Latino (67.3%), 47 Black or African American (13.9%), 36 multiracial (10.8%), 23 Hispanic
or Latino (6.8%), and 5 Asian (1.5%) children. Children were excluded from the larger
study if they presented with gross neurological, sensory, or motor impairment; non-stimulant
medications that could not be withheld for testing; or history of seizure disorder, psychosis,
or intellectual disability.

Group Assignment

Children and caregivers completed a comprehensive psychoeducational evaluation that
included detailed semi-structured parent clinical interviewing using the Kiddie Schedule
for Affective Disorders and Schizophrenia for School-Aged Children (K-SADS; Kaufman
et al., 1997) and multiple norm-referenced parent and teacher questionnaires, including the
Behavior Assessment System for Children (BASC-2/3; Kamphaus & Reynolds, 2015) and
ADHD Rating Scale for DSM-1V/5 (ADHD-4/5; DuPaul et al., 2016). A psychoeducational
report was provided to parents.

Children that met all of the following criteria were included in the ADHD group (/7=197):

1) DSM-5 diagnosis of ADHD combined (7= 132), inattentive (n=57), hyperactive/
impulsive (7= 6), and other-specified (7= 2) by the directing clinical psychologist and
multidisciplinary team based on K-SADS and differential diagnosis considering all available
clinical information indicating onset, course, duration, and severity of ADHD symptoms
consistent with the ADHD neurodevelopmental syndrome; (2) borderline/clinical elevations
on at least one parent and one teacher ADHD subscale (i.e., >90t" percentile); and (3)
current impairment based on parent-report. Children with any current ADHD presentation
specifiers were eligible given the instability of ADHD presentations (e.g., Willcutt et al.,
2012).

Res Child Adolesc Psychopathol. Author manuscript.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Marsh et al.

Procedure

Page 6

Our standard assessment battery also included norm-referenced child internalizing disorder
screeners, and additional standardized measures were administered clinically as needed to
inform differential diagnosis and accurate assessment of comorbidities (e.g., semi-structured
child clinical interviews, additional testing). Several children with ADHD also met criteria
for common comorbidities based on this comprehensive psychoeducational evaluation,
including 66 anxiety disorder (33.5%), 12 depression (6.8%), 17 oppositional-defiant
disorder (8.6%), and 18 autism spectrum disorder (9.1%). To improve generalizability
given that comorbidity is the norm rather than the exception for children with ADHD
(Wilens et al., 2002), these children were retained in the sample. Further, 50 children

with ADHD (25.4%) screened positive for a specific learning disorder. Positive screens

for learning disorders were defined based on scores = 1.5 SD below age-norms on one or
more KTEA-3 academic skills battery reading and math subtests, as specified in DSM-5
(APA, 2013). Forty-seven children (23.9%) with ADHD were prescribed psychostimulant
medication, which was withheld =24 hours for neurocognitive testing.

The Non-ADHD group comprised 142 consecutive case control referrals who did not meet
ADHD criteria, and included both neurotypical children and children with psychiatric
disorders other than ADHD. Neurotypical children (57.0%) had normal developmental
histories and nonclinical parent/teacher ratings and were recruited through community
resources. Clinically-referred and evaluated children who did not meet ADHD criteria were
also included in the Non-ADHD group. These Non-ADHD disorders were included to
control for comorbidities in the ADHD group, and included diagnoses of anxiety (31%),
depression (7.7%), and autism spectrum disorder (9.9%). Ten children in the Non-ADHD
group (7.0%) screened positive for a learning disorder. The ADHD and Non-ADHD groups
did not differ significantly in the proportion of children with clinical disorders other

than ADHD (anxiety, depression, ASD; p>.54); however, the ADHD group had higher
proportions of ODD and SLD as expected (p<.001).

Ninety-four Non-ADHD participants underwent identical evaluations to the ADHD group.
Due to funding constraints, the remaining 48 Non-ADHD participants (33.8%) completed
abbreviated evaluations that included parent BASC-3 and ADHD-RS-5, a 1 to 2-subtest

1Q screener (described below), and detailed developmental, medical, educational, and
psychiatric histories. Teacher BASCs were obtained for a subset of the abbreviated cases
recruited during the school year (17=14). Neurotypical children that received the abbreviated
evaluation had slightly higher child-reported anxiety symptoms (p=.01), but did not differ
from the full evaluation neurotypical subgroup in terms of parent-reported or teacher-
reported anxiety symptoms, age, 1Q, SES, sex, working memory, or inhibitory control (all

p>.14).

Children completed the executive function tasks as part of a larger battery of neurocognitive
testing that involved two to three sessions of approximately three hours each. All tasks were
counterbalanced to minimize order effects. Children received brief breaks after each task

1As recommended in the K-SADS, oppositional-defiant disorder (ODD) was diagnosed only with evidence of multi-informant/multi-
setting symptoms. ODD prevalence in the ADHD group was 34.9% based on meeting parent-reported symptom counts.
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and preset longer breaks every 2—-3 tasks to minimize fatigue. For all testing, performance
was monitored at all times by the examiner, who was stationed just outside of the testing
room (out of the child’s view) to provide a structured setting while minimizing performance
improvements associated with examiner demand characteristics (Gomez & Sanson, 1994).

Working Memory Tasks

Rapport working memory tasks.: The Rapport et al. (2009) computerized phonological
and visuospatial working memory test and administration instructions are identical to those
described in Kofler et al. (2019). The variance common to these tasks has been proposed

to reflect central executive abilities (Rapport et al., 2009). Reliability and validity evidence
includes high internal consistency (« = .82-.97; Kofler et al., 2018); 1- to 3-week (.76-.90;
Sarver et al., 2015) and 10-week (.73-.84; Kofler et al., 2023) test-retest reliability; and
expected magnitude relations with working memory updating and complex span tasks (r=
.61-.69; Wells et al., 2018). Each working memory test consisted of six trials at each set size
(3-6 stimuli/trial), administered in randomized/unpredictable order as recommended (e.qg.,
Kofler et al., 2017), yielding 24 trials. Five practice trials were administered before each task
(80% correct required).

For the phonological working memory task, children were presented a series of jumbled
numbers and a capital letter. The letter never appeared in the first or last position of the
sequence to minimize potential primacy and recency effects, and was counterbalanced across
trials to appear an equal number of times in the other serial positions (i.e., position 2, 3, 4, or
5). Children were instructed to verbally recall numbers in order from smallest to largest, and
to say the letter last (e.g., 4H62 is correctly recalled as 246H). For the visuospatial working
memory task, children were shown nine squares arranged in three offset vertical columns.

A series of 2.5 cm diameter dots (3, 4, 5, or 6) were presented sequentially in one of the

nine squares during each trial, such that no two dots appeared in the same square on a given
trial. All dots presented within the squares were black with the exception of one red dot that
was counterbalanced across trials to appear an equal number of times in each of the nine
squares, but never presented as the first or last stimulus to minimize potential primacy and
recency effects. Children reordered the dot locations (black dots in serial order, red dot last)
and responded on a modified keyboard. Partial-credit unit scoring (i.e., stimuli correct per
trial) was used to index overall working memory performance as recommended (Conway et
al., 2005), computed separately for the phonological and visuospatial working memory tests.
Higher scores reflect better working memory.

Inhibitory Control Tasks

Stop-signal inhibitory control.: The stop-signal task and administration instructions are
identical to those described in Alderson et al. (2008). Psychometric evidence includes

high internal consistency (a = .83-.89); 3-week test-retest reliability (.72); and convergent
validity with other inhibition tests (Soreni et al., 2009). Go-stimuli were uppercase letters
X and O presented for 1000 ms at the center of the screen (500 ms ISI; total trial duration
= 1500 ms). Xs and Os appeared with equal frequency throughout the experimental blocks.
The stop-stimulus was a 1000 Hz auditory tone presented randomly on 25% of trials.
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Stop-signal delay (SSD; the latency between go- and stop-stimuli presentation) was initially
set to 250 ms and dynamically adjusted £50 ms contingent on the child’s performance on
each stop trial. Children completed two practice blocks prior to four experimental blocks of
32 trials/block using a modified response pad. Data validity was checked for each participant
for each of the 4 task blocks using the Verbruggen et al. (2013) criteria for violations of

the race model of inhibition (e.g., mean RT on failed stop trials > mean RT on go trials,
probability of responding on stop trials between 25% and 75%, 15%+ omission errors);
invalid blocks were treated as missing and imputed as described below. Inhibitory control
was operationalized as the speed of the inhibitory stop process (iISSRT) and was estimated
separately for each of the task blocks using the Verbruggen et al. (2013) integration method.
Lower scores indicate better inhibition.

Go/no-go inhibitory control.: The go/no-go test and administration instructions are
identical to those described in Kofler et al. (2019). Psychometric evidence includes high
internal consistency (a=.95), as well as convergent validity with other inhibitory control
measures (Kofler et al., 2019). Children were presented with a randomized series of vertical
(go stimuli) and horizontal (no-go stimuli) rectangles at the center of the screen (2000 ms
presentation, ISI jittered 800—2000 ms to minimize anticipatory responding). Children were
instructed to quickly click the mouse when a vertical rectangle appeared, but to withhold

a response when a horizontal rectangle appeared. A ratio of 80:20 go:no-go stimuli was
selected to maximize prepotency (Kane & Engle, 2003). Children completed a 10-trial
practice (80% required) followed by 4 continuous blocks of 25 trials each. Commission
errors reflect failed inhibitions (i.e., incorrectly responding to no-go trials) and served as the
primary index of inhibitory control during the task. Lower scores indicate better inhibition.

Executive Function Dimension Reduction—Task impurity was controlled by
computing Bartlett maximum likelihood component scores based on intercorrelations among
all 4 executive function tests (Distefano et al., 2009), which parsed the 8 working memory
and 8 inhibitory control task blocks/set size variables into 2 component scores (42.82% of
variance explained; Supplementary Table 1). A two-component, orthogonal solution was
specified a priorito derive separate estimates of working memory and inhibitory control
based on theory and previous empirical work (e.g., Miyake et al. 2000). These principal
components analysis-derived component scores provide estimates of reliable, construct-level
variance attributable to domain-general working memory and inhibitory control. This
formative method for estimating executive functioning was selected because (a) such
methods have been shown to provide higher construct stability relative to confirmatory/
reflective approaches (Willoughby et al., 2016); and (b) estimating executive functioning at
the construct-level rather than measure-level was expected to maximize associations with
the study’s outcomes via the removal of task-specific and error variance. These component
scores were used for all analyses. Higher scores reflect better working memory, but worse
inhibitory control.

Anxiety Symptoms—The Multidimensional Anxiety Scale for Children 2nd Edition Self-
Report (MASC-2; March, 2013) was completed by children to assess symptoms related
to anxiety disorders. Child self-reported anxiety was utilized as our primary indicator of
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anxiety due to prior work demonstrating that child report of anxiety appears to show greater
associations with neurocognitive functions than parent report (Bloemsma et al., 2013; Read
et al., 2020) and appears to be more sensitive to early symptom emergence than parent
reports (Cole et al., 2002). The MASC-2 consists of 50 items (4-point Likert scale) and

the total score measures the overall extent to which the child is experiencing anxiety
symptoms. The MASC-2 total score has demonstrated high internal consistency (a=.92) and
1- to 4-week test-retest reliability (/=.89; March, 2013). Higher raw scores reflect greater
quantity/severity of anxiety symptoms.

The Behavioral Assessment System for Children (BASC-2/3; Kamphaus & Reynolds, 2015)
parent and teacher forms were used in sensitivity analyses and consist of 139-175 items
that assess internalizing, externalizing, and adaptive behaviors in children and adolescents
ages 2-21. Psychometric support includes high internal consistency (a.=.85-.96) and 1-10
week test-retest reliability (/=.84-.90). Age- and sex-normed T-scores were obtained via
conversion of raw scores based on the national standardization sample. Parent and teacher
Anxiety subscales were used to probe our a priori decision to define child self-reported
anxiety as our primary indicator of anxiety (7-14 items; 4-Point Likert scale). Higher scores
indicate higher levels of parent- or teacher-perceived anxiety.

Socioeconomic Status (SES) and Global Intellectual Functioning (IQ)

Hollingshead SES was estimated based on caregiver(s)’ education and occupation (Cirino et
al., 2002). In addition, children were administered either a 4-subtest (full evaluation) or a
1-2 subtest (abbreviated battery) Short-Form of the WISC-V (Sattler et al,, 2016; Wechsler,
2014)

Data Analysis Overview

The study’s primary questions involved the extent to which ADHD is associated with
deficits in each executive function, and the extent to which child trait anxiety confounds
our estimates of the magnitude/presence of these expected impairments. Thus, a series of
hierarchical regressions were conducted, with separate models for each executive function
outcome (inhibitory control, working memory). Step 1 included demographic covariates
(child age, sex, SES). ADHD diagnostic status (yes/no) was then added (Step 2) to estimate
the magnitude of executive function impairments prior to accounting for anxiety. Child
self-reported anxiety (MASC-2 total raw score) was then entered in Step 3, followed by

the interaction between the two in the final step (Step 4). Our a prioriplan called for
significant ADHD x anxiety interactions to be probed with simple slope analyses to estimate
the magnitude of ADHD-related executive function deficits at one standard deviation above
and below mean anxiety levels. All continuous anxiety variables were mean-centered prior
to analysis and analyses was conducted using SPSS Version 29. Standardized B-weights for
pathways with ADHD diagnostic status as the predictor were converted to Cohen’s deffect
sizes to aid interpretability (small = 0.20; medium= 0.50; large= 0.80; Cohen, 1988).

These primary models were then supplemented with a series of sensitivity analyses to
probe the impact of our a priori decisions to (a) select child self-report as our primary
indicator of anxiety symptoms, and (b) include children with autism spectrum disorders
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in both the ADHD and non-ADHD groups. Two additional sensitivity analyses were

added during the peer review process. These involved (a) testing the impact of our a

priori decision to maximize control for task impurity by specifying uncorrelated working
memory and inhibition components in our dimension reduction model, and (b) examining
the extent to which trait anxiety’s impact may be curvilinear, based on the state arousal-
performance hypothesis suggesting that there may be an optimal level of arousal that
facilitates performance whereas levels that are too low or too high may impair performance
(e.g., Easterbrook, 1959; Yerkes & Dodson, 1908).

First, we repeated the primary models twice across different informants: once using
parent report and once using teacher report of child anxiety symptoms. Although prior
work suggests that child self-report is optimal for assessing internalizing symptoms such
as anxiety (Cole et al., 2002), parent and teacher report may also be informative in
assessing observable anxiety symptoms and anxiety symptoms that primarily manifest in
school. Next, we repeated the primary models using anxiety diagnosis (yes/no) in place of
dimensional measures of anxiety. While the primary analyses allowed us to assess anxiety
symptoms across a continuum of severity, grouping based on anxiety diagnoses allowed
us to specifically assess the role of clinically significant levels of anxiety. All anxiety
diagnoses were included in the initial analyses (i.e., generalized anxiety disorder, social
anxiety disorder, separation anxiety disorder, specific phobia, and other-specified anxiety
disorder). We then conducted the same model, but defined a more specific anxiety group
with children diagnosed with either generalized anxiety disorder (GAD) or social anxiety
disorder (SAD) based on prior work finding associations between these two domains of
anxiety and executive function (e.g., Hallion et al., 2017; Visu-Petra et al., 2013; Zainal &
Newman, 2018). The final sensitivity analysis that was planned a priori involved repeating
the primary analysis again, this time excluding children diagnosed with ASD based on prior
work suggesting that children with ASD may underreport their anxiety symptoms (e.g.,
Kalvin et al., 2020).

Finally, we repeated the primary models two more times, first with oblique working
memory and inhibition components, and second with an additional step that involved adding
quadratic anxiety (i.e., anxiety?) and quadratic anxiety? x ADHD terms to the model.

Power Analyses

A power analysis was conducted using GPower v3.1 (Faul et al., 2007) to determine our
sensitivity for detecting effects. For a = .05 and power (1-f) = .80, in the event that

all 6 potential predictors were retained in the final model (age, sex, SES, ADHD status,
anxiety, and ADHD status x anxiety), we would be sufficiently powered to detect /2=
.04. A single predictor is expected to be significant if it explains at least 2.28% of the
variance in an executive function domain. Similarly, our sample size is powered to detect
significant increases in model R? (AR2) of .02. Thus, the study is sufficiently powered to
detect clinically meaningful effects.
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Results

Preliminary Analyses

All raw data were screened for univariate outliers, defined as values three standard
deviations above or below the mean for the ADHD and non-ADHD groups separately.
Outliers were corrected to the next most extreme value in the sample (0.37% and 0.47%

of data points affected for ADHD and non-ADHD groups, respectively). Missing data were
imputed using expectation maximization based on all available data and were determined

to be missing completely at random (Little’s MCAR test: /1/2: 363.82, p=.82). This
affected 0.95% of data points. Sample demographics are shown in Table 1. Parent and
teacher ADHD ratings were significantly higher for the ADHD relative to non-ADHD group
as expected (Table 1). The ADHD and non-ADHD groups did not significantly differ from
one another on child and parent report of anxiety symptoms, while teachers reported the
non-ADHD group to have slightly lower anxiety symptoms (A=52.65 vs. 55.80; o=.049).

In addition, the non-ADHD group was slightly older (M=10.58 vs. 10.12; p=.002) and

had slightly higher 1Q scores (AM=105.59 vs. 101.22; p=.005), but did not differ from the
ADHD group in terms of SES (p=.63). Finally, the ADHD group had a greater proportion of
male participants and lower proportion of Asian children than the non-ADHD group (p=.02;
p=.01, respectively).

The zero-order correlation matrix is shown in Table 2. In terms of demographics, older age
was significantly associated with better working memory (r= .41, p < .001) and inhibitory
control (r=-.24, p<.001). Higher SES was associated with better working memory (r=
.17, p=.001), and decreased parent (r=-.15, p=.006) and teacher (r=-.14, p=.01)
reported anxiety. Finally, higher 1Q was associated with better working memory (r= .37, p
<.001), higher child-reported anxiety (r= .14, p=.01), lower teacher-reported anxiety (r=
-.13, p=.02), and diagnoses of GAD and/or SAD (r= .12, p=.03). 1Q was not included as
a covariate based on compelling statistical, methodological, and conceptual rationale against
covarying 1Q when investigating cognitive processes in ADHD (Dennis et al., 2009), and
because 1Q appears to reflect, in part, an outcome rather than a cause of executive function/
cognitive control abilities (e.g., Engle et al., 1999). In other words, covarying 1Q would
preclude conclusions regarding executive functioning/cognitive control by fundamentally
changing our primary predictor variables, and remove significant variance associated with
our predictors and outcomes of interest (Dennis et al., 2009).

Primary Analyses

Inhibitory Control—Results of Step 1 indicated that both age (8 =-.25, p< .001) and sex
(B =-.11, p=.045) were significant predictors of inhibitory control, such that older children
and female participants had better inhibitory control, while SES did not significantly predict
inhibitory control (8 =.07, p=.17; RZ = .07, p< .001). Adding ADHD diagnosis (8 =.15,
d=0.31, p=.005) to the model significantly increased the amount of explained variance
(ARZ = .02, p=.005; Step 2). Individuals with ADHD exhibited small magnitude inhibitory
control deficits (¢= 0.31). In Steps 3 and 4, anxiety symptoms (8 =.02, AR? = .00, p= .67;
Step 3) and the ADHD diagnosis x anxiety interaction (p = .15, AR? = .00, p=.39; Step 4)
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were not significant predictors of inhibition performance and did not significantly increase
the amount of explained variance.

Working Memory—Results of Step 1 indicated that older age (8 =.40, p<.001) and
higher SES (8 =.16, p=.001) predicted better working memory, whereas sex was not a
significant predictor (8 =-.01, p=.78; RZ = .19, p< .001). Adding ADHD diagnosis (8
=-44, d=-0.99, p<.001) to the model significantly increased the amount of explained
variance (AR? = .19, p< .001; Step 2) and indicated that children with ADHD exhibited
large magnitude deficits in working memory (&= 0.99). However, similar to the inhibition
model, anxiety symptoms (8 =.07, ARZ = .01, p=.09; Step 3) and the ADHD diagnosis x
anxiety interaction (B = .12, A R% = .00, p= .42; Step 4) were not significant predictors of
inhibition performance and did not significantly increase the amount of explained variance.

Sensitivity Analyses: Informant and Anxiety Diagnoses

Overall, our primary findings indicate that ADHD is associated with large magnitude
impairments in working memory (&= 0.99) and small magnitude impairments in inhibitory
control (¢=0.31), but that trait anxiety neither inflates or deflates these estimates, nor is

it independently associated with executive function difficulties above and beyond ADHD
status. To probe the extent to which the pattern of results reported above was impacted

by our a priori decisions to (a) operationalize anxiety as child self-report of anxiety;

(b) assess anxiety dimensionally; and (c) include children with ASD in our sample, we
conducted a series of sensitivity analyses examining the impact of different informants
(parent, teacher) and assessing anxiety using categorical diagnostic groupings. Sensitivity
analyses added during the peer review process also tested the impact of our a priori decision
to maximally control for task impurity by specifying orthogonal working memory and
inhibition components, and probed the extent to which anxiety may have a curvilinear
(quadratic) impact on executive function performance. Reporting is truncated for readability.

First, we repeated the primary analyses with parent-report of anxiety instead of child
self-report. The results were unchanged from the primary results. ADHD diagnostic status
significantly predicted both inhibitory control (8 =.15, = 0.31, p=.01) and working
memory (8 = —44, d=-0.99, p< .001), with effect sizes that were identical to the primary
model, while parent-reported anxiety did not (respectively, 8 = -04, p=.50; 8 =.01, p=
.79), after controlling for age, sex, and SES (IC: ARZ=.02, p=.02; WM: AR?= .18, p
<.001; Step 2). Further, the interaction between ADHD and parent-reported anxiety did not
significantly increase the amount of variance explained in either inhibitory control (A RZ =
.00, p=.37; Step 3) or working memory (A R2 = .00, p=.74; Step 3).

Next, we repeated the primary analyses with teacher-report of anxiety. As with parent-
report of anxiety, there were not deviations from the primary results. Above and beyond
demographic variables, ADHD was a significant unique predictor of both inhibitory control
(8 =.13, d=0.27, p=.02) and working memory (8 = —.43, d=-0.96, p< .001), while
anxiety (respectively, 8 =.08, p=.13; § =-.08, p=.07) and the ADHD x teacher-reported
anxiety interaction were not (both A R2 = .00, p> .37).
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We then probed our decision to utilize dimensional measurement of anxiety, rather than
categorical anxiety diagnoses criteria. Consistent with the primary results, children with
ADHD demonstrated worse inhibitory control than children without ADHD (5 =.15, ¢
=0.31, p=.01), while anxiety diagnosis was not a significant predictor (8 =-.02, d=
-0.04, p=.68). The interaction between ADHD and anxiety diagnosis also did not impact
our estimates of ADHD-related inhibition deficits (A R? = .007, p=.80). In contrast, both
ADHD (B8 =-.44, d=-0.99, p< .001) and anxiety disorders (8 =.09, d=0.19, p=.04)
were significant predictors of working memory, such that children with ADHD exhibited
large magnitude working memory deficits (&= 0.99) whereas children with an anxiety
disorder (¢= 0.19) demonstrated slightly better working memory. However, anxiety was
no longer a significant unique predictor once the interaction between ADHD and anxiety
was included in the model (8 =.06, d=0.13, p=.41), despite this interaction term not
explaining significant variance in working memory (A R2 = .00, p = .50). Results remained
unchanged when our anxiety diagnosis category was limited to generalized anxiety disorder
(GAD) and/or social anxiety disorder (SAD; combined 7=83).

Next, we repeated the primary model again, this time excluding children diagnosed with
ASD from the analyses. Results were unchanged from the primary inhibitory control model.
However, similar to the anxiety disorder models, with children with ASD excluded we found
that greater anxiety symptoms were significantly associated with slightly better working
memory (8 =.10, d=0.20, p = .02), but once again were no longer a significant predictor
once the interaction term, also non-significant, was included in the model (A R2 = .00, p
=.21; Step 3). We then retested the primary models using oblique estimates of working
memory and inhibition, which were significantly correlated with each other (r=-.32, p<
.001) but remained statistically indistinguishable from their orthogonal counterparts (both -
=.99, p<.001). The pattern and interpretation of results was unchanged (ADHD significant
at p<.001, anxiety and ADHD x anxiety non-significant at p > .44), with the exception

that the estimate of inhibition deficits in ADHD was somewhat larger (B = .22, d=0.46, p
< .001) without controlling for the inhibition tasks’ working memory demands; the estimate
of ADHD-related working memory deficits was also slightly larger (B = .46, d=1.05, p
<.001), highlighting the importance of controlling for task impurity for maximizing effect
certainty.

Finally, we re-tested the primary models again, this time adding a quadratic anxiety term
as well as the quadratic anxiety x ADHD interaction. For both the inhibition and working
memory models, adding these terms failed to increase the explained variance (both AR? =
.01, p=.14-.18), and neither anxiety? nor anxiety? x ADHD predicted inhibition (both p
=.08) or working memory (both p>.28). This pattern of results was seen both when the
additional terms were entered together as well as when they were entered as separate Steps.

Discussion

The current study tested conceptual model predictions suggesting that co-occurring trait
anxiety may be systematically affecting our estimates of the magnitude of executive function
deficits in children with ADHD, using both categorical and dimensional estimates of anxiety
across multiple informants in a large and clinically evaluated sample. Contrary to our
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hypotheses, we found that anxiety did not impact our estimates of ADHD-related working
memory/inhibitory control deficits. Specifically, while ADHD diagnosis was robustly
associated with small magnitude impairments in both inhibitory control (¢= 0.31) and large
magnitude impairments in working memory (d= 0.99), child anxiety symptoms assessed
across multiple informants (child, parent, teacher) generally did not affect the significance or
magnitude of these estimates, which were also robust to control for demographic variables
(age, sex, SES). In addition, anxiety was not associated with unique difficulties in either
executive function in any tested model. These results are inconsistent with previous work
suggesting that anxiety may buffer or mask inhibition deficits (Bloemsma et al., 2013; Maric
et al., 2018; Ursache & Raver, 2014), while producing overestimates of working memory
deficits in children with ADHD (Jarrett et al., 2016; Moran, 2016; Read et al., 2020).
Further, the results of the current study are also inconsistent with past studies that have
found anxiety to be predictive of executive function difficulties above and beyond ADHD
(Castagna et al., 2019; Read et al., 2020). In contrast, our results are more consistent with
meta-analytic and other empirical studies who reported null results when examining the
moderating effect of anxiety on inhibitory control or working memory in children with
ADHD (Adamo et al., 2021; Read et al., 2020; van der Meer et al., 2018).

The results of the current study do not support conceptual models suggesting that anxiety
may buffer or mask inhibitory control deficits in children with ADHD (Maric et al., 2018;
Schatz & Rostain, 2006). While ADHD was associated with small magnitude deficits in
inhibitory control (&= 0.31), this estimate was not meaningfully impacted by control for
anxiety, either on its own or as a potential linear or quadratic moderator. Further, trait
anxiety did not predict children’s inhibitory control abilities in any tested model. Our
primary analyses utilized dimensional measurement of anxiety, while many previous studies
finding better inhibitory control with higher levels of anxiety evaluated differences between
ADHD and ADHD plus a comorbid anxiety diagnosis groups (Maric et al., 2018; Menghini
et al., 2018; Yurtbasi et al., 2018). Indeed, previous results examining anxiety dimensionally
have yielded more mixed results (Adamo et al., 2021; Read et al., 2020; Ruf et al., 2017).
To address the possibility that these differing results were the result of methodological
differences in assessment of anxiety and the presence of clinically significant levels of
anxiety, the current study also examined anxiety as a categorical diagnosis and the results
were unchanged. That is, anxiety disorders do not appear to be associated with inhibitory
control difficulties above and beyond ADHD diagnosis. Further, trait anxiety did not

affect the magnitude or significance of ADHD-related inhibition deficits when anxiety was
operationalized based on child, parent, or teacher report of the child’s anxiety symptoms,

as well as when anxiety was assessed as a categorical diagnosis. In other words, the

results of the current study suggest that trait anxiety is not associated with inhibitory

control difficulties in clinically evaluated children when assessed using component methods
that isolate reliable variance specific to inhibition based on multiple, construct valid tests.
Thus, these results increase confidence that the smaller magnitude impairments in inhibition
relative to working memory observed in children with ADHD are not an artifact of the lack
of control for co-occurring anxiety symptoms or diagnoses in most prior studies.

Contrary to some prior work (Jarrett et al., 2016; Read et al., 2020; Tannock, 2009), higher
levels of anxiety did not produce overestimates of working memory deficits in children
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with ADHD. Dimensional measures of anxiety across child, parent, and teacher report

did not account for significant variance in working memory abilities above and beyond
ADHD diagnosis and demographic variables, nor did these measures of anxiety moderate
the large magnitude working memory deficits exhibited by children with ADHD (¢'= 0.99).
In contrast, two of our sensitivity analyses found that anxiety was associated with working
memory, but in the opposite direction than expected. That is, children with an anxiety
disorder (when controlling for ADHD) had slightly betterworking memory than children
without an anxiety disorder (¢= 0.19), and higher child self-reported anxiety was also
associated with slightly better working memory when children diagnosed with ASD were
excluded from analyses (&= 0.20). However, these effects were no longer significant once
the non-significant interaction effects were added to the model, suggesting that children with
elevated anxiety appear to have similar, or slightly better, working memory than their less
anxious peers.

Assessment of working memory and inhibitory control may play a role in differences in
results across studies. For example, past studies have often used assessments of working
memory that have been shown to be reflective of short-term memory or general cognitive
abilities, rather than working memory specifically (for reviews, see Canivez et al., 2016;
Rapport et al., 2013; Snyder et al., 2015). The current study used multiple, well-validated
tests of both working memory and inhibitory control, as well as factor analytic procedures
to derive best estimates of the two executive functions that minimized task-specific and error
variance. Thus, it is possible that the difference between the current and some previous
studies suggests that anxiety may exert an effect on short-term memory or general cognitive
functioning, but not working memory processes specifically. That is, working memory-
specific cognitive processes — such as reordering, updating, and dual-processing/interference
control (Fosco et al., 2020) — may be less influenced by anxiety than more general abilities
or short-term memory that may be more negatively affected by reduced filtering efficiency.
Similarly, while previous studies have found interactions between anxiety and ADHD in
predicting individual inhibitory control performance metrics on single tests (Menghini et al.,
2018; Ruf et al., 2017), the current study found no associations when examining component
estimates of inhibitory control that are less likely to be confounded by the non-inhibition
processes (e.g., working memory; Kofler et al., 2023) required for performance on any given
inhibition test. This contrast may be suggestive of task-specific rather than construct-level
effects, and/or differential associations based on the multi-component nature of inhibitory
control (e.g., Alderson et al., 2008).

Limitations and Future Directions

Finally, while the primary goal of the current study was to evaluate the extent to which
anxiety systematically inflates or blunts/masks estimates of the magnitude of executive
function deficits in children with ADHD, other work has taken a more dimensional approach
to ADHD (e.g., Castagna et al., 2019; Read et al., 2020). Thus, while the current study
indicates that trait anxiety does not affect estimates of working memory or inhibitory control
deficits in children diagnosed with ADHD, it remains possible that anxiety may affect the
strength of associations between these executive functions and specific ADHD symptom
clusters/symptoms (e.g., Jarrett & Ollendick, 2008; Schatz & Rostain, 2006). Further, prior
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work suggests that deficits in executive function contribute functionally if not causally

to behavioral manifestations of ADHD symptoms (Barkley, 1997; Kofler et al., 2010,
2020; Rapport et al., 2001, 2009), whereas causal conclusions cannot be drawn from the
current study given the cross-sectional design. Further research in this area is of particular
clinical relevance given the complex associations between anxiety and ADHD across the
lifespan that continue to be debated in the literature (for review, see Koyuncu et al., 2022).
Longitudinal and experimental work is necessary to further elucidate the development and
directionality between ADHD and anxiety symptoms, and executive functioning, given the
differential role that executive function may play in both the development and maintenance
of each of these symptom domains (e.g., Eysenck et al., 2007; Ferreri et al., 2011; Rapport et
al., 2001).

Additionally, influential conceptual models have suggested several mechanisms by which
anxiety may exert its effect on executive function, as well as the relation between ADHD
and executive function. For example, trait anxiety may increase the likelihood of state
anxiety that in turn increases motivation and effort (Tannock, 2009) or cortical arousal
(Arnsten, 2009), which could augment performance on cognitive tasks, or this anxiety

may exacerbate difficulties during cognitive tasks as a result of increased worries about
competence (Schatz & Rostain, 2006). The current study did not assess the extent to which
these mechanisms may have contributed to the pattern of results seen. Similarly, the current
study assessed anxiety at a trait level, rather than measuring individual differences in the
level of anxiety that children may have experienced during the cognitive tasks themselves
(i.e., state anxiety). Thus, the current study does not rule out the possibility that state
anxiety may impact executive function test performance. Interestingly, however, while some
prior work has suggested that state and trait anxiety have differential effects on executive
functions such as working memory and inhibitory control (Ursache & Raver, 2014; Visu-
Petra et al., 2013), meta-analytic evidence indicates that relations between anxiety and
executive functions do not differ significantly when based on state (induced) versus trait
anxiety (Moran et al., 2016; Shi et al., 2019). Future work should explore the distinction
between trait and state anxiety in these relations, particularly to evaluate specific theories
about the mechanisms by which anxiety can exert an effect on executive functioning.

Finally, the clinical nature of a subset of our Non-ADHD comparison group should be
acknowledged. Thus, although the current study suggests strongly that trait anxiety does not
impact estimates of executive function impairments in ADHD, it remains possible that these
estimates would have been larger if the ADHD group was compared to a fully neurotypical/
healthy control group. Future studies are needed to determine the extent to which other
commonly co-occurring conditions may impact executive functioning for children with
ADHD.

Taken together, the current study found that trait anxiety, assessed both dimensionally across
multiple informants and as categorical diagnoses, does not appear to significantly affect our
estimates of the magnitude of executive function deficits observed in children with ADHD.
That is, trait anxiety was not uniquely predictive of working memory or inhibitory control
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difficulties, nor did it differentially produce over- or under-estimates of ADHD-related
difficulties in working memory or inhibition. These findings do not support theoretical
models suggesting that anxiety may buffer against/mask inhibitory control difficulties while
exacerbating working memory problems in children with ADHD (Schatz & Rostain, 2006;
Tannock, 2009). Indeed, consistent with a recent meta-analysis (Majeed et al., 2023),
results from the current study suggest that greater anxiety may actually be associated with
slightly betterworking memory accuracy for clinically evaluated children broadly. However,
it remains possible that trait anxiety may impact executive functioning for a subset of
children with ADHD given the disorder’s well documented neurocognitive heterogeneity
(e.g., Karalunas et al., 2017; Kofler et al., 2019) as well as because group level findings
likely do not translate perfectly into individual level functioning (i.e., ergodicity). Future
research should further probe the extent to which anxiety may interact to affect the strength
of association between executive functioning abilities and specific ADHD symptoms, as
well as the mechanisms that may underlie these effects if detected.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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