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Abstract

Comorbidity rates between ADHD and anxiety disorders (AD) are high, but little is known about the nature of this co-
occurrence. A dominant idea is that AD may intensify some (i.e., attention and working memory) and attenuate other (i.e.,
inhibition) ADHD symptoms. Results are mixed, potentially because of between-study differences. To investigate this
further we performed a meta-regression analysis on 11 studies (n ‘ADHD-only’ = 695; n ‘ADHD + AD’ = 608), contain-
ing 35 effect sizes on attention, inhibition and working memory. Main results were: (1) no evidence of a negative effect of
AD on attention and working memory; (2) better response inhibition in children with ADHD with AD than those with only
ADHD (medium ES g = — .40); (3) medication moderated this association: the effect seemed limited to studies that included
medication-naive participants; (4) the difference between the two groups increased with age for attention and with proportion
of boys for working memory ability. There was no effect of comorbid disruptive behavior disorder. In conclusion, AD seems
to be a protective factor for inhibition problems as assessed with laboratory tasks in ADHD, especially in children who are
medication naive. Further, AD may have a protective function for attention in older children, and for working memory in
boys with ADHD. It is therefore important to screen for AD when diagnosing ADHD, and to educate those with comorbid
AD about the possible positive function of feeling anxious. Potential negative effects of ADHD medication on inhibition in
children with comorbid AD should be considered.

Keywords Attention-deficit/hyperactivity disorder (ADHD) - Anxiety disorder - Attention - Response inhibition - Working
memory - Meta-analysis

Introduction

The comorbidity of attention-deficit/hyperactivity disorder
(ADHD) and anxiety disorders (AD) is substantial with aver-
age comorbidity rates between 25 and 50% found in both
epidemiological as well as in clinical samples (e.g., Angold
Marija Maric and Anika Bexkens contributed equally to this etal. 1999; Jarrett and Ollendick 2008; Mancini et al. 1999;
article. MTA group 1999). Moreover, the comorbidity of the two
conditions occurs across all life stages (e.g., Kessler et al.
2006; Cumyn et al. 2009; Posner et al. 2007) and in differ-
ent nationalities (e.g., Park et al. 2011; Smalley et al. 2007,
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definition of executive functions is still evolving, most
authors do agree that EFs involve meta-cognitive or
meta-attentional processes needed to regulate own behav-
ior, thought or emotion, and pursue daily and broader
life goals. As for ADHD, the idea is that, e.g., behavio-
ral manifestations of the disorder such as impulsivity and
hyperactivity are largely driven by difficulties in EFs such
as attentional control (i.e., “paying attention and staying
on task”; Nigg 2006), response inhibition (i.e., “the abil-
ity to stop a previously prepared response”; Nigg 2006)
and working memory (i.e., “maintaining the amount of
information online and to activate some information
over other”; Nigg 2006). Indeed, deficits in several EFs
have been identified in individuals with ADHD, and, at
this point in time, research continues to affirm cognitive
deficits involved in the etiology of ADHD (Burgess et al.
2010; Crosbie et al. 2013; Kofler et al. 2010; Sarver et al.
2015; Tillman et al. 2011). Perhaps predictably, emerging
empirical studies concerned with investigations of the co-
occurrence of ADHD and ADs have been mainly directed
at the assessment of EFs in these comorbid populations.
So far, three independent literature reviews concerned
with the impact of ADs on executive functioning in ADHD
have been conducted including articles from 1989 to 2009
(Pliszka et al. 1999; Schatz and Rostain 2006; Tannock
2009). Consequently, these authors concluded that the
presence of anxiety in individuals with ADHD may both
intensify and attenuate common ADHD difficulties such as
EF deficiencies. More specifically, anxiety may negatively
interfere with cognitive functioning, making attentional,
working memory, and other cognitive deficits worse.
On the other hand, anxiety can reduce impulsivity and
response inhibition deficits seen in ADHD. Since then, this
has become one of the main research domains in the area
of comorbid ADHD and anxiety, and several additional
empirical studies have been conducted investigating this
topic. The results have been mixed, potentially because of
the between-studies differences. For example, while some
studies allowed for other comorbidities (i.e., Oppositional
Defiant Disorder [ODD] and Conduct Disorder [CD]) to
be present in the comorbid ADHD and ADs samples (e.g.,
Vloet et al. 2010), others included purer comorbid ADHD
and ADs samples (e.g., Jarrett et al. 2016). To investi-
gate this idea that anxiety is both a risk (i.e., for attention
and working memory problems) and a protective (i.e., for
response inhibition problems) factor for executive func-
tioning problems in ADHD, our first aim was to perform
a meta-analysis on studies that have assessed the impact
of comorbid AD on attentional, response inhibition,
and working memory capacities in youths with ADHD.
This proposition is thus mainly driven by theory, clinical
experience and conclusions from previous review studies
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(Pliszka et al. 1999; Schatz and Rostain 2006; Tannock
2009).

The second aim of this study is to identify variables associ-
ated with several participants’ characteristics that may mod-
erate the relationship between AD in children with ADHD
and executive functioning problems. Given the contradictory
findings related to the effects of ADHD medication in youth
with comorbid ADHD and ADs, medication status was studied
as a potential moderator. While some studies found a positive
effect of medication on ADHD behavioral symptom outcomes
in children with ADHD and comorbid anxiety (MTA group
1999), other studies found no effect of medication (Diamond
et al. 1999), or even adverse medication effects on anxiety
symptoms and cognitive functioning (Bedard and Tannock
2008; Pliszka 1989; Tannock et al. 1995). Next to medica-
tion status, ODD/CD was investigated as a moderator given
that: (a) approximately 50% of children and adolescents with
ADHD also have a comorbid CD/ODD (e.g., MTA group
1999); (b) studies have revealed broad ranges of comorbidity
for AD and ODD/CD (Ollendick et al. 2008); and (c) there
is an emerging evidence for EF deficiencies in children with
CD/ODD (e.g., Schoemaker et al. 2013). Finally, as there is
an age-related increase in the prevalence of comorbid anxi-
ety in individuals with ADHD (e.g., Biederman et al. 1994),
females with ADHD report higher levels of comorbid anxiety
(Biederman et al. 1994; Rucklidge and Tannock 2001), and no
differences in executive functioning impairment were found
between adolescent boys and girls with ADHD (Seidman et al.
2005), we aimed to investigate the moderating roles of age and
gender. Given the diverse findings from previous studies and
the novelty of this topic, we did not formulate specific hypoth-
eses with regard to above-discussed potential moderators; the
moderation analyses were exploratory in nature.

The current study updates previous literature reviews
(Pliszka et al. 1999; Schatz and Rostain 2006; Tannock
2009) with 6 new studies. More important, this is the first
meta-analytic review concerned with the role of anxiety in
ADHD, and the first attempt to investigate a range of mod-
erating effects related to participants’ characteristics on EF
functioning in individuals with ADHD (and comorbid AD).
Investigation of moderators is crucial in this population
given the high heterogeneity of the ADHD disorder (Nigg
2006), and thus diverse information included within single
studies, but also important given the large between-studies
differences.

Methods
Literature Search

The search for studies comprised electronic databases (Psy-
cINFO, PubMed, Web of Science, Google Scholar) using
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the following keywords: attention-deficit hyperactivity disor-
der, attention-deficit disorder, hyperactivity, ADHD, ADD,
executive function*, attention* (response), inhibit*, working
memory cross-referenced with anx* and comorbid*. Next,
reference lists of reviews and book chapters were reviewed,
and Google pages were searched for unpublished theses and
dissertations. Furthermore, experts in the field were pre-
sented with the list of studies produced by the searches out-
lined above and were asked to add any further (un)completed
studies that they were aware of. The search was performed
by the research assistant under supervision of MM. The flow
chart of the selection process is shown in Fig. 1, in the cor-
responding PRISMA chart (Moher et al. 2009).

In- and Exclusion Criteria

The review was restricted to empirical studies reporting on
individuals diagnosed with attention-deficit/hyperactivity
disorder (ADHD) according to DSM (-5, or -IV-TR) criteria
(American Psychiatric Association 2000; 2013) or previous
editions. Articles were included when meeting the following
criteria: (a) comparison of ADHD clinical group without
comorbid AD or (sub)clinical levels of symptoms, with an

ADHD clinical group with comorbid AD or (sub)clinical
levels of symptoms; (b) the two groups were compared on at
least one executive function of interest, i.e., attention, work-
ing memory, response inhibition; (c) group means as well
as standard deviations on outcome measures were reported
in the articles (or were retrieved through correspondence
with the authors). While a DSM ADHD diagnosis was a
strict inclusion criterium of the meta-analysis, articles rely-
ing on either DSM anxiety diagnosis or standardized anxiety
questionnaires in order to select their comorbid group were
included in the meta-analysis. Further, only etiology stud-
ies on this topic were included, and not treatment outcomes
studies (utilizing experimental manipulation on one of the
outcome or moderating variables).

Studies were excluded if executive functions were pro-
posed to be assessed by parts of the DSM diagnostic inter-
view (e.g., items assessing ADHD—inattention symptoms)
or via self or parent or teacher report questionnaires (e.g.,
Sgrensen et al. 2011) as we assumed that these types of
assessment methods may produce ratings of ADHD DSM
symptom presentations and behavioral manifestations of
executive functioning instead of EFs as underlying neu-
rocognitive processes. Several studies we traced did not

= =0
2 £ Records identified through data base
S B and other searching
z @ (n =2235)
S B )
L Records excluded based on title
----------------------- -» and/or abstract
(n=2195)
e
Full-text articles assessed for
z eligibility
;;éo (n=40)
73] Full-text articles excluded based on
"""""""""""" ) inclusion/exclusion criterium
—
(n=21)
) Full-text articles included based on
inclusion/exclusion criterium
(n=19)
o Full-text articles excluded based on
-g ---------------------- - unavailability of relevant parameters
= (n=28)
= S
Studies included in meta-analysis
(n=11)
)

Fig. 1 PRISMA flowchart of screened and included studies
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include direct comparison of ADHD without anxiety and
ADHD with anxiety groups on EFs, but were, for example,
concerned with associations between EFs and anxiety symp-
toms in ADHD group-only or used CBCL-Internalizing
scale (containing anxiety and depression items) to define
the comorbid group. We tried to retrieve the information
on the right parameters from these authors, and in case
that this information was available, it was included in the
meta-analysis.

Selection and Coding of the Studies

MM reviewed the titles and abstracts of the studies retrieved
during literature search and selected 40 studies. AB and
SMB coded independently these 40 articles according to:
inclusion of two groups in the article, a group with ADHD
diagnosis and a group with comorbid ADHD and AD/
symptoms, and investigation of EFs across the two groups.
Inter-rater reliability of this first step was .95. In the second
step, AB and SMB coded whether articles compared the
two groups on EFs attention, working memory and response
inhibition; the inter-rater reliabilities were .97, .93, and .93,
respectively. Discrepancies were resolved through discus-
sions. Table 1 provides a complete list of included studies
(n = 11), moderating variables and effect size estimates.

Assessment of EFs

MM and AB reviewed assessment tools used in different arti-
cles to ensure that only the information which is in line with
goals of this meta-analysis, that is, examining the impact of
AD on EFs as underlying cognitive processes in youth with
ADHD, is included in our study. Assessment tools proposed
to measure attention were directed at assessing the effect
of distracting stimuli on primary task performance of an
individual. Instruments included were different versions of
the Continuous Performance Test (n = 4), D2 test (n = 1),
TOVA (n=1), Bell test (n = 1), alertness task (n = 1), sus-
tained attention task (n = 1), go/no-go RTV (n = 1), and
divided attention task (n = 1). Assessment tools proposed
to measure response inhibition required withholding a pre-
potent/automatic or ongoing response in mind. Instruments
included were stoptask (n = 2), Continuous Performance
Test (n = 2), go/no-go (n = 1), Stroop (n = 1). Assessment
tools proposed to measure working memory were directed
at participants having to keep information in mind during a
delay, and manipulate the information. Instruments included
were WISC-III Digit span backward (n = 2), WISC-R Digit
span backward/forward (n = 1), F-Digit backward (n = 1),
WRAML (n = 1), Chipasat 2.0 (n = 1), Chipasat 2.8 (n = 1),
CANTAB (n = 1), Corsi block tap test (n = 2). An overview
of the assessment instruments as well as related parameters
is presented in Table 1.
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Anxiety Severity

In all but one study (Rodriguez et al. 2014) anxiety was
determined based on formal DSM (-II1, -1V, -5) diagnosis
using the following clinical interviews: ADIS-C/P (Jarrett
et al. 2016; Manassis et al. 2007), PICS-IV (Korenblum
et al. 2007), DICA-R-P (Manassis et al. 2000), DISC (New-
corn et al. 2001), a structured DSM-III-R interview (Pliszka
1992), K-SADS-PL (Trani et al. 2011; Vance et al. 2013;
Yurtbasi et al. 2015), and KDIPS (Vloet et al. 2010). In
Rodriguez et al. (2014) study, inclusion in the ADHD + AD
group was based on the trait score on STAI-C questionnaire
and all cases had a score higher than 90%.

Meta-regression Procedure

In meta-regression, it can be tested whether the overall effect
size in a set significantly deviates from zero. Moreover, it
is possible to test whether study or participant character-
istics of the selected studies moderate the size of effects.
We used a random-effects meta-regression model, which
accounts for between-study variation in effect sizes using
R package: metafor (Viechtbauer 2010). The analysis pro-
vides an estimate of the overall effect, tests of the effects
of moderators and a test of between-study variation (QE
statistic). The standardized difference between two means,
Hedges’ g, was calculated for each comparison of ADHD-
only versus ADHD + AD on EF tasks within the selected
studies in such a way that negative effect sizes represent
larger executive function problems in ADHD-only, whereas
positive effect sizes represent larger executive function prob-
lems in ADHD + AD. Studies were weighted by sample
size. Several studies included more than one task to meas-
ure executive function, or used tasks that resulted in more
than one parameter indexing executive function ability. To
correct for dependency between effect sizes from the same
study, multilevel meta-regression was used estimating vari-
ance within and between studies. We ran random-effects
meta-regression without moderators for each EF separately.
Besides reporting on the confidence intervals (CIs) which
quantify the precision of an estimated effect, in the results
we also report prediction intervals (PIs) which present the
expected range of true study effects in similar, new studies
(IntHout et al. 2016). It can be particularly informative to
inspect PIs when there is high heterogeneity between stud-
ies included in a meta-analysis (IntHout et al. 2016; Partlett
and Riley 2017). Subsequently, we ran separate analyses
(QM tests; Viechtbauer 2010) for each EF including one
moderator at a time. As these analyses were exploratory,
we consider the results to be hypothesis forming, instead
of hypothesis testing. We used Cohen’s guidelines (1992)
in interpreting the size of overall effect sizes. In line with
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0.05
0.05

-0.72
-0.42

COMDBD MED Hedges’s g® SD°
NA

YES

ADHD + AD
n  M(SD)
33 15.69 (12.5)
33 33.14 (20)

12.19 (3)
49.81 (24.9)

M (SD)

48
48

ADHD-only

n

Stroop interference,
golden rule

Parameters

BW/FWf

WM  WISC-R Digit span

INH Stroop

M age* % boys® EF  Task
70.4

9.04

ATT attention, BW backward, COM DBD comorbid disruptive behavior disorder, EF executive function, /NH inhibition, MED medication status, NA naive, NO no comorbid DBD in the sample;

NR not reported, MNU medication not used, WM working memory, YES comorbid DBD present in the sample
"Negative effect sizes represent larger executive function problems in ADHD-only, whereas positive effect sizes represent larger executive function problems in ADHD + AD

Tt is unclear whether BW version of this task or a combination of BW + FW version is used to assess WM

9In these studies Response Time Variability is also included as a measure of attentional functioning

*For the moderation analyses, centered (z-scores) were used of age and gender variables
“The ADHD + AD group contained one client with comorbid MDD

"24 h or longer without medication

Table 1 (continued)
*Yurtbasi et al. (2015)
“Variation in effect size
£Not used on test day

Study

this, values of 0.2 were considered small, values of 0.5 were
considered medium, and values of .8 were considered large.

Moderators

For the moderation analyses, the following participants’
characteristics were coded:

Medication status was coded into three categories: (a)
medication naive (n = 4); (b) medication not used [on the
test day/24 h or longer without medication] (n = 4); and (c¢)
not reported in the article (n = 3). The presence of comor-
bid disruptive behavior disorders (DBD, i.e., CD/ODD) was
coded as (a) present (n = 5) or (b) not present (n = 3) in the
whole ADHD-only and ADHD + AD samples, and the final
category (c) not reported in the article (n = 3). Furthermore,
we coded the variables age and gender; the latter as the per-
centage of boys, and the former as mean age. The available
information in the articles enabled us to code these two vari-
ables across ADHD-only and ADHD + AD samples taken
together in each study. These continuous moderators were
centered before they were included in the analysis.

Robustness of Results

Publication bias refers to the increased likelihood of publi-
cation of significant effects compared to null results (Field
and Gillett 2010). Techniques to test for publication bias
and outlier analyses in multilevel meta-regression model
are still evolving. The metafor package includes some of
these, which were used in the present study. Publication bias
was assessed with a regression test of asymmetry (Egger
et al. 1997) by including the standard error of the effect
sizes as a moderator in the model (for an application of this
see Habeck and Schultz 2015). An intercept that deviated
significantly from zero at alpha = .10 was considered to be
indicative of publication bias (see Egger et al. 1997). Outli-
ers were assessed by inspecting leverage values and Cook’s
distance. Effect sizes with leverage values larger than two
times the average leverage and Cook’s distance > 1 were
considered outliers (Field 2009).

Results

The literature search and selection procedure described
above resulted in 11 studies that were included in the meta-
regression, and a total of 35 effect sizes that compared
ADHD-only and ADHD + AD groups on attention (n = 19),
inhibition (n = 6) and working memory (n = 10) parameters.
Negative effect sizes represent larger executive function
problems in ADHD-only, whereas positive effect sizes rep-
resent larger executive function problems in ADHD + AD.
Effect sizes varied between large negative (— 1.15) and large
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positive (0.99; cf Table 1). See Fig. 2a—c for funnel plots
representing variation in effect sizes within each subset of
executive functioning.

To test our first proposition that comorbid anxiety has a
differential effect on different executive functions, we per-
formed a random-effects meta-regression model with execu-
tive function type as moderator (i.e., “executive function
type’ as independent variable, “effect size” as dependent
variable). The analysis showed that overall EF was not a
significant moderator of effect size (cf. Fig. 3a—c for for-
est plot). The omnibus test is not significant (QM = 4.24,
p = .10, two sided).

However, follow-up tests did reveal that overall effect size
in studies of inhibition was significantly larger than over-
all effect sizes in studies of attention (p = .04, two sided)
and marginally significantly larger than overall effect sizes
on studies of working memory (p = .09). Further analy-
sis showed that only the overall effect size of studies on
inhibition deviated significantly from zero. The effect size
was medium sized and negative (b = — .40, p = .004, CI
— 0.67/— 0.13, two sided), indicating that overall ADHD-
only samples presented with larger inhibition deficits than
ADHD + AD samples (n = 6). There was no significant
overall difference between ADHD-only and ADHD + AD
on attention or working memory measures. Taken together,
these results suggest that anxiety may counteract inhibition
problems in ADHD, but not attention or WM problems.

In addition, the analysis showed that there was signifi-
cant variation between effect sizes, QE (df = 32) = 74.51,
p < .0001. Some of this variation may be explained by dif-
ferences in study characteristics. This was investigated by
exploratory moderator analyses per executive function type.
We tested age and gender ratio as continuous moderators and
Comorbid DBD and Medication as categorical moderators.

Attention

Overall, effect size of attention parameters did not deviate
significantly from zero (b = — .003, p = .97, CI — 0.21/0.20,

Attention

0.155

0.088
L

Standard Error
3
1
Standard Error
0.176

0.464
L
0.264

Inhibition

PI = — 0.47/0.47). There was significant residual heteroge-
neity (QE (df = 18) = 33.33, p = .02). Age was a significant
moderator of effect size (p = .002), indicating that effect
sizes decreased with increasing mean age of the included
sample (b = — .16). For this reason age was included as a
covariate in the other moderator analyses. With Age as a
moderator, there was no significant residual heterogeneity
(QE (df = 17) = 21.19, p = .21). None of the remaining
moderators (i.e., gender, comorbid DBD or Medication)
were significant (p values > .86). Taken together these
results indicate that the attention difficulties in ADHD-only
relative to ADHD + AD increase with age.

Response Inhibition

Overall, effect size of inhibition parameters significantly
deviated from zero (b = — .41, p = .02, CI — 0.74/- 0.08,
PI = — 1.15/0.33). There was significant residual hetero-
geneity (QE (df =5) = 16.97, p = .005). Age and gender
ratio did not significantly moderate effect size on inhibition
tasks (p values > .38). Comorbid DBD was not a significant
moderator (p value > .16). Medication was a significant
moderator (p = < .001). After inclusion of medication as a
moderator, residual heterogeneity was no longer significant
(QE (df=3) =1.64, p = .65).

Follow-up tests indicated that overall effect size in stud-
ies with medication-naive samples was significantly smaller
(i.e., more negative), than overall effect sizes for studies with
samples that were taken off medication for testing (p < .001)
or studies were medication status was unknown (p < .001).

Follow-up tests indicated that the overall effect size
for studies that included medication-naive samples devi-
ated significantly from zero (b = — 0.89, p = < .001, CI
— 1.21/— .57, n = 2), whereas overall effect size for stud-
ies that included samples that were taken off medication
for testing (n = 2) or studies that did not report medica-
tion status (n = 2) did not differ significantly from zero (p
values > .27).

Working Memory

0.316 0.158
!

.
Standard Error

0473
L

.
0.353

0.619
.

T
0.5 1

T
-0.5 0
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Fig.2 Funnel plots for effect sizes of the difference between ADHD-only and ADHD + AD on attention, inhibition and working memory tasks
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«Fig.3 Forest plots of effect sizes comparing ADHD-only with
ADHD + AD samples. Negative effect sizes represent larger execu-
tive function problems in ADHD-only, whereas positive effect sizes
represent larger executive function problems in ADHD + AD

Taken together these results indicate larger inhibition
difficulties in samples with ADHD-only than in samples
with ADHD + AD, but only in studies with medication-
naive participants. In studies that included samples that
were not medication naive there was no overall differ-
ence between ADHD-only and ADHD + AD samples on
inhibition.

Working Memory

Overall, effect size of working memory parameters did
not significantly deviate from zero (b = — 0.09, p = .73,
CI - 0.60/0.42, PI = — 1.25/1.07). There was significant
residual heterogeneity (QE (df =9) =24.21, p = .004). Age
was not a significant moderator of effect size on working
memory parameters (p = .31). Gender ratio was a significant
moderator of effect size (b = — .65, p < .001), indicating
that effect sizes decreased with an increasing proportion of
boys in the sample. Inclusion of gender ratio in de model
reduced the residual heterogeneity, which was no longer sig-
nificant (QE (df = 8) = 6.35, p = .61). When further mod-
erator analyses were controlled for gender, comorbid DBD
and medication were not significant moderators (p = .11 and
p = .13, two sided, respectively) of effect size on working
memory parameters. Taken together, these results indicate
that in samples with larger proportion of boys, larger work-
ing memory deficiencies are noticed for ADHD-only group
than for ADHD + AD group.

Robustness of Results

We found no evidence of funnel plot asymmetry for the
attention, inhibition or working memory subsets of the effect
sizes (all p values > .10). There were no outliers in the atten-
tion, inhibition or working memory subsets based on Cook’s
distance. There were also no studies with an unduly large
influence on the results based on leverage values in the inhi-
bition and working memory subsets. In the attention subset,
there were two studies with a leverage value higher than two
times the average leverage (i.e., Newcorn et al. 2001; Pliszka
1992). We reran the analyses for attention leaving these two
effects out. This did not change the pattern of results. The
moderating effect of age remained significant (b = — .17,
p = .008). And the other moderators remained nonsignificant
(p values > .32). See Fig. 2 for the funnel plots.

Discussion

Current theories of comorbid ADHD and AD propose that
anxiety may both attenuate as well as intensify common
ADHD symptoms such as attentional, working memory
and inhibition problems (Pliszka et al. 1999; Schatz and
Rostain 2006; Tannock 2009). The goal of this meta-anal-
ysis was to examine the role of AD in the executive func-
tions problems of children with ADHD, namely attention,
working memory and response inhibition, and test possible
moderators in this relationship. Main results were: (1) In
line with expectations, children with ADHD plus AD had
better response inhibition than those with ADHD alone,
with a medium effect size of difference (g = — .40); (2)
In contrast to expectations, taken over the whole group,
we did not find that children with ADHD and AD had
more problems in attention and working memory than
children with ADHD alone; (3) Of the tested moderators
of the association between diagnosis group and executive
functioning, ADHD medication, age and gender were sig-
nificant. Regarding medication, analysis showed that only
in studies that included medication-naive participants,
children with ADHD plus AD had better response inhi-
bition than those with ADHD alone. In studies in which
medication status was unknown or children were asked
to discontinue their medication temporarily, there was
no overall difference between children with ADHD plus
AD or children with ADHD without AD; (4) moderat-
ing analyses indicated further that attentional difficulties
in children with ADHD alone seem to increase with age
when compared to children with ADHD plus AD, and that
working memory difficulties are more present in ADHD
alone samples as compared to ADHD plus AD samples
when the proportion of the boys in the samples is larger.
The meta-analysis revealed the expected better inhibi-
tion in children with ADHD and comorbid AD, which may
confirm the proposition that anxiety protects children with
ADHD against impulsivity (Pliszka et al. 1999; Schatz
and Rostain 2006; Tannock 2009). Being medication naive
seems to be associated with the best inhibition in children
with comorbid ADHD and AD. Several reasons can be
given for this surprising finding. First, children on medica-
tion may be more severe, also on inhibition problems, than
children not on medication. This was also demonstrated
in a study by Bogels et al. (in preparation), in which of
a group of 167 referred children with ADHD who were
about to start a mindfulness training, those on medica-
tion had more severe ADHD symptoms than those who
were medication naive. At the same time, in our meta-
analysis, children in the ‘medication naive’ studies were
in general somewhat younger than children in other stud-
ies included in the meta-analysis, and it seems as if some
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of them were referred for the first time to the clinics. We
do not know whether, thus, this argument of differences
in severity would hold in the case that these children in
medication-naive studies were older and with treatment
histories. Second, it is possible that children who were
medication naive were more borderline cases of ADHD,
with primary AD which may manifest with less specific
executive functioning problems such as the ones studied in
this meta-analysis. Third, it may not be that these children
differ in severity, but the environments they are raised in.
Parental own psychopathology and inability to regulate
child’s behavior, access to alternative help and the extent
to which stigma or other social processes interfere with
parental decisions to choose for medication may differ
between the families (Mueller et al. 2012). At the same
time, it could be that anxiety present in these children with
ADHD may result in less hyperactive behavior and con-
centration problems (Schatz and Rostain 2006) and thus
cause less constraint in family context enabling the parents
to manage their child’s behavior more efficiently and with-
out using the medication treatment. As the general idea is
that after 24 h a “wash-out” of ADHD medication takes
place (Greenhill et al. 2006), it remains intriguing why we
did not find effects of medication in studies with children
who did not use medication in the past 24 h or on test day
(but we do find effects of medication in studies with med-
ication-naive participants). Did these children experience
a learning curve while on medication? Or does medication
still has effects, even after the “wash-out” period?

We had expected that children with ADHD and comor-
bid AD would perform worse on attention and working
memory measures, as high levels of anxiety and stress
could negatively affect attention and working memory
(Pliszka et al. 1999; Schatz and Rostain 2006; Tannock
2009). Our null findings therefore require an explanation.
First, it might be that high levels of anxiety or stress on
a state level do negatively affect attention and working
memory, but all but one included study assessed anxi-
ety on a trait level (anxiety disorder diagnosis) and the
assessment tools did not necessarily trigger state anxiety.
Second, anxiety may have a protective function in chil-
dren with ADHD, as it enhances attention for threat cues
and facilitates sensitivity for the negative consequences of
behavior (e.g., fear or punishment). Therefore, it may well
be that the null findings result from the combined positive
and negative effects of anxiety on attention and working
memory. At the same time, a moderating role of age was
found for attention; it seems that the difference between
ADHD alone and ADHD plus AD groups grows with
increasing age with ADHD alone children having more
detrimental attentional performance. Therefore, this meta-
analysis indicates that for older children with ADHD, AD
appears to have a protective function on attention, while
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for younger children with ADHD, AD seems to worsen
their attention problems.

A larger percentage of boys in the samples were related
to relatively smaller deficiencies in working memory perfor-
mance in children with ADHD plus AD as compared to chil-
dren with ADHD alone. Some previous research suggests
that working memory deficits in girls with ADHD are less
severe than in boys with ADHD (Seidman et al. 1997). Our
meta-analysis seems to suggest that boys with ADHD may
benefit more from the protective function of AD on WM.

ADHD guidelines report mixed findings with regard to
recommendations in using ADHD medications in children
with comorbid ADHD and AD (Physicians Postgraduate
Press Inc. 2007). For example, although behavioral inter-
vention and medication alone were similarly effective for
children with ADHD and comorbid anxiety, better outcomes
were found in children with ADHD and comorbid anxiety
who received combined psychosocial treatment and medica-
tion (MTA group 1999). On the other hand, adverse effects
on anxiety levels and cognitive functions were found for
stimulants in children with comorbid ADHD and AD as
opposed to non-comorbid group of children with ADHD
(Bedard and Tannock 2008; Pliszka 1989; Tannock et al.
1995). Our results suggest better inhibition functioning in
medication-naive children with comorbid ADHD and AD,
so an interesting question is whether cognitive functions in
children with ADHD and comorbid anxiety are less affected
by anxiety in children with ADHD who are ADHD-medi-
cation-naive as opposed to children with ADHD who are
familiar with medication. Experimental research is needed
selecting groups of children with ADHD with and without
comorbid AD, whose performance on executive function
tasks is assessed with and without use of ADHD medica-
tion in order to shed more light on this possible detrimen-
tal effect of ADHD medication on executive functioning
in children with ADHD and comorbid AD. An alternative
way to shed light on this phenomenon is to experimentally
heighten anxiety state levels in children with ADHD with
and without ADHD medication when measuring their execu-
tive performance.

No other moderating effects were found and comorbid
DBD appeared not to be a moderator of the association
between attention, response inhibition, and working memory
performance tasks and diagnosis group. Different explana-
tions are possible for these results which are mainly related
to methodological aspects of the studies included. First, the
composition of the samples in different studies was not var-
ied in particular for some moderators. As for the comorbid
DBD, in general, comorbid DBD was either present or the
information was not available. A second methodological
explanation is the fact that for a moderation effect (an inter-
action) to be found larger sample sizes are required (Hayes
2013). It can further be argued that for an interaction to
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occur, the symptoms (e.g., working memory problems and
ODD) should be present in one and the same person, which
in case of a heterogeneous disorder such as ADHD is quite
challenging. Third, there is also heterogeneity in the tasks
and parameters used in our study to assess executive func-
tions; the most tasks were cognitive experimental assess-
ment tools, but also a few neuropsychological (i.e., WISC)
tests were used to assess executive functioning.

Finally, inspecting the scarce literature investigating
executive functioning in youth with AD may potentially
help understand our results. Performance of anxiety-disor-
dered or anxious youth on attention measures such as the
one used in the studies in this meta-analysis (i.e., Continu-
ous Performance Test) seems not to be studied previously.
Studies investigating attention problems in youth anxiety
are concerned with attentional bias paradigm (i.e., shifting
attention toward threatening stimuli) (e.g., Puliafico and
Kendall 2006). Response inhibition (as studied by the tasks
used in this meta-analysis; e.g., Stop Task) has been studied
several times. One meta-analytic study (Oosterlaan et al.
1998) found no evidence for enhanced levels of response
inhibition in children with AD. In one study included in
this meta-analysis (Korenblum et al. 2007), children with
AD were found to have more response inhibition deficits
than normal controls, but this association disappeared once
comorbid ADHD was taken into account. So previous scarce
studies did not found expected enhanced levels of response
inhibition in children with AD, and the question is to what
extent is inhibition as assessed with laboratory tasks a pure
artifact of AD, or a facet that comes to expression in inter-
action with other disorders such as ADHD. With regard to
working memory deficits in anxiety, a recent meta-analytic
and theoretical review including child and adult populations
found that self-reported and experimentally induced anxiety
is associated with poorer performance on working memory
measures (Moran 2016). In our meta-analysis we did not
find that the ADHD plus AD group had worse performance
on measures of working memory as compared to the ADHD
alone group, indicating that AD appears to have a protective
function as well in those with ADHD.

Clinical Implications

Treatment-wise, recent studies have noticed the negative
role comorbid ADHD can have in the cognitive behavioral
treatment (CBT) of youth with AD (e.g., Halldorsdottir and
Ollendick 2014). Comorbid ADHD interferes negatively
with mechanisms responsible for CBT success, such as
attending to anxiety-provoking stimuli in case of exposure,
potentially because of distractibility problems. In line, Maric
et al. (2015) found family CBT to be more effective in the
long term than child only CBT for children with AD with
higher levels of ADHD symptoms. Another study involving

children with comorbid ADHD and AD showed positive
effects of a combined treatment, that is, parent training plus
family-based CBT, on long-term anxiety and ADHD symp-
toms (Jarrett and Ollendick 2012). So involving parents
more in during-treatment activities with this group may be
a solution. At the same time, we did not find clear evidence
that anxiety worsens EF in children with ADHD; the ques-
tion remains about the direction of the influence between EF,
AD, and ADHD symptoms. It is perhaps possible that the
direction of the influence between ADHD, AD, and EFs is
different, in a way that ADHD influences cognitive function-
ing (attention and working memory) of children with AD
(i.e., increasing attentional biases to threat), and not con-
trariwise, that AD influences cognitive functioning of chil-
dren with ADHD. Consequently, comorbid ADHD should
also be a treatment target in the treatment of youth anxiety.
Regarding ADHD treatment for primary ADHD problems,
an interesting question is whether anxiety should also stand-
ard be a treatment target, since our results suggest anxiety
to be a protective factor for inhibition problems in children
with ADHD, and especially for children who are medication
naive. Our “hunch” would be that clinical levels of anxiety
should always be treated as they could be debilitating in all
children and in children with ADHD, but that some levels of
anxiety are perhaps even desirable in children with ADHD
as they could enhance their inhibition, especially if these
children were not treated with ADHD medication before. It
should be noted that we have found this protective role of
anxiety in relation to performance on laboratory tasks in a
single session. Future studies should investigate whether this
finding also holds for anxiety being protective in everyday
life in relation to behavioral manifestations (e.g., impulsiv-
ity) of ADHD in children. As appropriate levels of anxiety
may probably be an important asset for youth with ADHD,
treatment programs for children with comorbid ADHD and
AD should pay special attention to education of youth about
the possible function of feeling anxious.

Regarding diagnosis, clinicians should assess children for
the presence of anxiety when diagnosing ADHD and vice
versa. In both cases, attention should be given to executive
functioning problems. An interesting question is whether
diagnostic assessments should be completed while children
are temporarily set off the medication.

Limitations and Future Recommendations

Whatever the explanation of our results is, it is obvious that
more studies are needed in this area using the best assess-
ment tools to assess executive functioning in children with
ADHD, ADHD plus AD, AD only, and a control group
from the general population. Further, research examining
experimental and longitudinal relations between changes in
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executive functions, ADHD symptoms and anxiety symp-
toms would help shed light on the temporal associations
between these variables and provide directions for the most
potent treatment targets in children with comorbid ADHD
and AD. Finally, it has long been thought that anxiety
may mask hyperactivity symptoms in ADHD resulting in
ADHD—inattentive subtype—of the disorder (Quay, 1988,
1997). However, recent studies (e.g., MTA group, 1999),
involving those included in this meta-analysis, describe
presence of anxiety (disorders) in children and adolescents
with ADHD—combined subtype, challenging this initial
belief. In this meta-analysis, we were not able to investigate
the type of ADHD as a moderator of the relation between
the diagnosis group and executive functioning, because
ADHD—inattentive type—was not specified in the stud-
ies included. Thus, this remains as a potentially interesting
question for future research areas.

The major limitation of this meta-analysis, that preclude
us from drawing firm conclusions, is the limited sample of
studies we were able to include, for example, for response
inhibition n = 6. However, the analyses revealed that,
although this sample size was relatively small, the sampling
variance was small enough to come to the reliable estimate
of the mean effect size (CI — 0.74, — 0.08); so we found
evidence for impact of anxiety on inhibition although the six
studies show different effect sizes (PI 1.15, 0.33). Further,
there was variability among the measures and parameters
used to assess attention, response inhibition and working
memory functioning, and some variability in the way AD
were defined across studies (i.e., parent interview with and
without child involvement, different diagnostic interviews,
interviews based on DSM-III, -1V, and 5). As such, this
study should be seen and used as hypothesis generating,
mainly providing directions for future research endeavors.
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