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Abstract

Objective: To evaluate if children and adolescents with a diagnosis of ASD or ADHD have distinct executive function
(EF) profiles. Methods: Peer-reviewed articles comparing ASD, ADHD, and typically developing individuals under |9 years
of age were identified. The domains evaluated were: working memory, response inhibition, planning, cognitive flexibility,
attention, processing speed, and visuospatial abilities. Results: Fifty-eight articles met inclusion criteria. Analyses were
performed on 45 performance metrics from 24 individual tasks. No differences in EF were found between individuals
diagnosed with ASD and ADHD. Individuals diagnosed with ASD and ADHD exhibited worse performance in attention,
flexibility, visuospatial abilities, working memory, processing speed, and response inhibition than typically developing
individuals. Groups did not differ in planning abilities. Conclusion: Children and adolescents with ASD and ADHD have
similar EF profiles. Further research is needed to determine if comorbidity accounts for the commonality in executive

dysfunction between each disorder. (J. of Att. Dis. XXXX; XX(X) XX-XX)
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Introduction

Attention-deficit/hyperactivity disorder (ADHD) and autism
spectrum disorder (ASD) are impairing, childhood-onset,
neurodevelopmental disorders. ADHD is characterized by
developmentally inappropriate inattention, hyperactivity, and
impulsivity (American Psychiatric Association [APA], 2013)
and affects 5% to 7% of school-aged children (Polanczyk et
al., 2014). ASD is characterized by restricted and repetitive
behaviors, interests, and/or activities in conjunction with
impairments in social interactions and communication (APA,
2013). About 2% of school-aged children are diagnosed with
ASD (Maenner et al., 2020). A comorbid diagnosis of ASD
and ADHD could not be made prior to the release of the
DSM-V. Since then, it has become clear that approximately
40% to 70% of individuals with ASD exhibit comorbid
ADHD or marked subthreshold symptoms (Hours et al.,
2022). The overlap of symptoms in individuals with ASD
and ADHD peaks during adolescence, where the majority of
research has been focused (Hartman et al., 2016). ADHD and
ASD share many behavioral, genetic, neural, and cognitive
features suggesting some overlapping mechanisms (Antshel
& Russo, 2019; Craig et al., 2016; Hartman et al., 2016).

Executive Functions (EFs) are higher-order neurocogni-
tive processes that are critical for guiding and regulating
attention, affect, and action (Hosenbocus & Chahal, 2012).
Most models of EF include working memory, response
inhibition, planning, cognitive flexibility, and attention
(Diamond, 2013; Miyake et al., 2000; Stuss & Benson,
1987). Processing speed is often considered to be a distinct
EF or is included in EF studies as a control condition
(Cepeda et al., 2013) as is reaction time variability
(Buczylowska & Petermann, 2018). Each EF domain can
be evaluated using a variety of qualitative rating scales and
quantitative neuropsychological tasks. Quantitative and
qualitative EF data have little correlation and the former are
more empirical (Toplak et al., 2014). Therefore, only

'University of Calgary, AB, Canada
ZUniversity of Toronto, ON, Canada
3Mount Royal University, Calgary, AB, Canada

Corresponding Author:

Russell Schachar, Department of Psychiatry, The Hospital for Sick
Children, 555 University Avenue, Toronto, ON M5G X8, Canada.
Email: russell.schachar@sickkids.ca


https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/jad
mailto:russell.schachar@sickkids.ca

1572

Journal of Attention Disorders 27(14)

quantitative neuropsychological tests were included in this
meta-analysis.

EF deficits are present during childhood in various neu-
rodevelopmental disorders including both ASD and ADHD
(Barkley, 1997; Ozonoff & Jensen, 1999; Russell, 1997).
There is considerable interest in the EF profiles of each psy-
chopathology because EF are thought to link underlying
genetic, neural, or environmental mechanisms to the behav-
ioral manifestations of psychopathology and to predict cur-
rent and future functional impairment such as quality of life
and educational attainment (Mannuzza & Klein, 2000;
Yang et al., 2022). Identifying distinct EF deficits in either
group could clarify etiology, advance early detection, and
improve screening and diagnosis (Uddin et al., 2017).
However, it is unclear whether ASD and ADHD have dis-
tinct or common EF profiles. Shared EF deficits would sup-
port the hypothesis that ASD and ADHD have overlapping
mechanisms. Current conclusions about EF profiles in ASD
and ADHD are based on the results of comparisons of ASD
and typically developing controls and studies of ADHD and
typically developing controls (Antshel & Russo, 2019;
Hosenbocus & Chahal, 2012; Schachar et al., 2007). A com-
parison of the results of these studies suggests that a diagno-
sis of ASD is associated with deficient cognitive flexibility
and a diagnosis of ADHD is associated with deficient
response inhibition, though the results are mixed (Antshel
& Russo, 2019; Hosenbocus & Chahal, 2012; Schachar et
al., 2007). More persuasive evidence about shared or dis-
tinct EF profiles requires direct comparison of the two diag-
noses to ensure control over extraneous factors such as task
variation, age, or diagnostic criteria that might influence
results (Haidich, 2010; Craig et al., 2016). There has not
been a meta-analysis that directly compares EF in children
and adolescents with ASD and ADHD. Meta-analysis
enables the pooling of results from similar primary research
articles to derive a more precise estimate of the effect
(Haidich, 2010).

Therefore, the primary aim of this systematic review and
meta-analysis is to evaluate the differences in EF deficits in
ADHD and ASD in studies where the two disorders have
been compared directly. Based on the results of indirect
comparisons, we hypothesized that ASD and ADHD would
have distinct EF profiles-inhibition deficit in ADHD and
cognitive flexibility deficit in ASD. The secondary aim of
this review is to evaluate the differences in EF between
ASD and ADHD with typically developing children and
adolescents.

Methods

This systematic review and meta-analysis was pre-registered
on PROSPERO (RecordID = 262654) prior to the com-
mencement of the study. This review was completed follow-
ing Cochrane guidelines for conducting reviews (Higgins et

al., 2022), and the preferred reporting for systematic reviews
and meta-analyses guidelines (PRISMA) for reporting the
review (Liberati et al., 2009; see Supplemental PRISMA
Checklist).

Search Strategy

A comprehensive search strategy created with the assis-
tance and approval of a librarian at the University of Calgary
was implemented from inception to May 2021 in CINAHL,
EBM, Embase, Medline, and PsycINFO databases. The
complete search strategy is available in the Supplemental
Materials. The search strategy followed the framework of
population age (e.g., “pediatric”, etc), intervention (e.g.,
“executive function” or “response inhibition,” etc), and
diagnosis (e.g., “ADHD” and “ASD,” etc). An additional
hand search of the reference lists of included articles and
relevant reviews was also conducted to further exhaust the
literature. No location or date limits were applied. A rigor-
ous screening process was completed in Covidence (Release
17; StataCorp, 2021). Each article was screened at two lev-
els: titles and abstracts, followed by full-text screening by
two blinded reviewers (PT, SYL, PP, or CL). Discrepancies
between reviewers were settled through consensus among
the entire study team.

Inclusion Criteria

To be included, articles were required to be primary empiri-
cal research published in a peer-reviewed journal with an
English full-text of the article available. Studies must have
included one group with a primary diagnosis of ASD using
DSM or ICD criteria, a group with a primary diagnosis of
ADHD using DSM or ICD criteria, and a typically develop-
ing group. A control group was necessary to be included to
evaluate if the measure was differential and sensitive to both
ADHD and ASD conditions and if their performance was dif-
ferent from typically developing individuals in each study.
Participants in all groups must have been under 19 years of
age and matched in age and sex. Articles must have reported
the mean and a measure of variation for each primary out-
come of interest. Lastly, rating scales to measure EF, such as
the Behavior Rating of Executive Function (BRIEF), were
not included because of their low convergence with labora-
tory measures of EFs (McAuley et al., 2010).

Data Extraction

Charting of data for included articles was done in duplicate
by two reviewers (PT, SYL, PP, or CL) with an online form
that was calibrated a priori. Discrepancies between review-
ers were resolved through consensus among the entire study
team. The following information was recorded from each
article: publication year, the country where the study was
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conducted, whether data was collected during an fMRI or
EEG scan, sample size, mean age, number of females, 1Q,
stimulant medication use on the day of testing, the EF
domain(s) reported to have been tested, and the task(s) used
to evaluate EF.

Risk of Bias

An evaluation of the risk of bias for individual included
articles was achieved using the Downs and Black risk of
bias assessment (Downs & Black, 1998). Risk of bias
assessments are imperative to evaluate the validity of results
based on the quality of included literature and increase the
transparency of secondary research (Higgins et al., 2011).
The Downs and Black scale was chosen for its high internal
consistency, test-retest reliability, inter-rater reliability, and
high correlations with existing instruments (Downs &
Black, 1998). Modifications to the assessment followed the
recommended risk of bias assessment for cross-sectional
studies. Question 13, “Were the staff, places, and facilities
where the patients were treated, representative of the treat-
ment the majority of patients receive?” was also removed
because treatment studies were irrelevant to the current
review.

Data Analysis

Processing speed, reaction time variability and visuospatial
abilities were included in the review even though they are
not always considered EFs (Dias et al., 2018). Literature
was synthesized both by tasks employed and domains of EF
measured. Most EF tasks generate multiple performance
metrics. Performance metrics from each task were catego-
rized under the domains that they were reported to have
measured by included literature. A narrative synthesis of
results was then performed for each EF domain.

Meta-analyses were conducted for task performance
metrics that were reported by at least two separate studies
using a weighted random-effects model with a
DerSimonian-Laird model estimator (DerSimonian &
Laird, 1986) and a standardized mean difference effect
size (SMD). Effect sizes were reported as Hedge’s g. As a
general rule of thumb, a small Hedges g represents
(2=0.2), medium (g=0.5), and large (g=0.8). A random
effects model was used to cope with the heterogeneity in
how tasks were administered by studies. Pooled effect
sizes were not conducted within each EF domain due to
the marked differences in what aspect of the respective
EF domain each performance metric were reported to
have measured. Pooling each performance metric would
lack meaningful interpretations of results and undermine
the underlying substantive and methodological issues
present in the highly heterogeneous EF literature (Savitz
& Forastiere, 2021).

Three separate meta-analyses were performed for each
performance metric: ASD versus ADHD, ASD versus typi-
cally developing, and ADHD versus typically developing.
The current study looked specifically at case-control differ-
ences between each disorder and did not evaluate dimen-
sional measures within each participant or diagnosis.
Meta-analyses were conducted using STATA (StataCorp,
2021). A significant positive effect size indicates a higher
score on the respective metric in those with ASD or ADHD
compared to typically developing individuals. In the case of
the ASD versus ADHD analysis, a positive effect size indi-
cates a higher score for those with ASD.

The Tau? statistic was used as an estimate of the between-
study variance in each meta-analysis, where the square root
is the estimated standard deviation across studies (Higgins
etal., 2022). The P statistic was also utilized for analyses of
more than four articles as an evaluation of the proportion of
total variance among studies due to heterogeneity (Higgins
& Thompson, 2002). The /* statistic is a transformation of
the Q statistic and is reported as a percentage of the total
variability and depends on the degrees of freedom for the
sample. /% resulting percentages of 75%, 50%, and 25%
indicate a high, medium, and low heterogeneity, respec-
tively (Huedo-Medina et al., 2006). Evidence for dysfunc-
tion in an EF domain is supported by many individual
studies yielding a significant Hedge’s g (SMD) of medium
or large effect size that is not heterogenous as indexed by I
and Tau?.

Results

Fifty-eight articles met inclusion criteria and were included
following the comprehensive screening process (see Figure
1). A full reference list of all the included articles is presented
in the Supplemental Material. There was moderate inter-rater
reliability during the screening process (Kappa=0.53). There
was high inter-rater reliability for data extraction. See Table 1
for aggregate data of the study and participant demographic
characteristics for included studies. Ethnicity was only
reported in 10 of the 58 articles. A comorbid group was
included in 11 articles which precluded the ability to include
the group in any analysis. Two articles stratified their out-
comes into visual and auditory performance during the
Continuous Performance Test (Kim et al., 2018) and the Go/
No-Go task (Nydén et al., 1999). The results from the visual
versions of these tasks were used because visual tasks are far
more common than auditory ones.

Risk of Bias

The average score of articles on the Downs and Black
risk of bias assessment was 11.22 out of 14 total points
that could be awarded, revealing moderate-high validity.
The minimum score for an article was 8 points
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Figure |. PRISMA flow diagram.
Note. Articles were reviewed in duplicate by two reviewers blind to each other’s decision following a two level screening process. Discrepancies were
settled through consensus between the entire study team.

Table 1. Aggregate Data of Study and Participant Characteristics for Included Studies.

Evaluated characteristics Units ASD group ADHD group TD group
Articles reporting each group K (%) 58 (100.0) 58 (100.0) 58 (100.0)
Total sample size N (%) 2,092 (23.5) 2,800 (31.5) 3,367 (37.8)
Total female participants N (%) 217 (11.2) 538 (27.9) 1,035 (53.6)
Age Mean (SD) 10.3 (1.9) 9.8 (1.8) 10.1 (1.8)
Range 3.5-189 3.3-18 3.5-18.33

Articles reporting stimulant medication use on the day of testing

No K (%) 41 (70.7) 41 (70.7) —

Yes K (%) 1 (1.7) 2(34) —

Not reported K (%) 16 (27.6) 15 (25.9) —

Note. A total of 58 primary research articles, involving 8,259 participants with an average age of 9.5 (SD = 1.8) years old. Data collected for three
groups including autism spectrum disorder (ASD), ADHD, and typically developing (TD). N=number of participants; K=number of articles.

(Unterrainer et al., 2020), and the maximum points  awarded 662 points (80.15%) out of the total 826 possi-
awarded to an article was 13 (Christakou et al., 2013; ble points that articles could collectively receive. There
Hutchison et al., 2016). The included articles were = was a high overall agreement for each article rating
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between reviewers. See the Supplemental Material for a
full breakdown.

Response Inhibition

Fifteen performance metrics derived from six tasks evalu-
ated response inhibition. The group with ASD performed
significantly worse than the group with ADHD in two per-
formance metrics. See Figure 2 and Supplemental Table 2a
for the complete set of analyses. The group with ASD
(n=33) scored significantly worse than the group with
ADHD (n=33) in studies (k=2) on the Visual Response
Control Quotient from the Continuous Performance Test
(CPT) (Hedge’s g=—1.23, p=.02, 95% CI [-2.24, —0.22],
12=.38). The group with ASD (n=66) also scored signifi-
cantly worse than the group with ADHD (n=280) in studies
(k=3) on the number of False Alarms from the Go/No-Go
Task (Hedge’s g=0.46, p=.01, CI [0.10, 0.83], t*=.02).
The remaining 13 nonsignificant performance metrics had
effect sizes ranging from Hedge’s g=—1.32 to 0.26, p=.12
to .92, 1*=.00 to 1.73.

Eight performance metrics demonstrated significantly
worse performance in the group with ASD compared to the
typically developing group (see Supplemental Table 2b).
Six performance metrics demonstrated significantly worse
performance in the group with ADHD compared to the typi-
cally developing group (see Supplemental Table 2c¢).

Working Memory

Working Memory was evaluated in eight performance
metrics as part of seven tasks, where one performance
metric showed significantly worse performance in ASD
compared to ADHD (see Figure 3 and Supplemental
Table 2a). The group with ASD (n=107) had significantly
more Beta Errors on the Self-Ordered Pointing Task than
the group with ADHD (n=119) in studies (k=2; Hedge’s
g=0.43, p<.01, 95% CI 0.17, 0.70], 1*>=.00). The
remaining seven performance metrics had effect sizes
ranging from Hedge’s g=—0.24 to 0.37, p=.07 to .81,
12=.00 to .26.

Four performance metrics showed significantly worse
performance in the group with ASD in comparison to the
typically developing group (see Supplemental Table 2b). In
ADHD versus controls, six performance metrics expressed
significantly worse performance in the group with ADHD
compared to the typically developing group (see
Supplemental Table 2c¢).

Cognitive Flexibility / Set-Shifting

Cognitive Flexibility/Set-Shifting was evaluated in seven
performance metrics as part of four tasks, where no perfor-
mance metrics showed significantly worse performance in
either group (see Figure 4 and Supplemental Table 2a). The

seven performance metrics had effect sizes ranging from
Hedge’s g=—0.91 to 0.23, p=.10 to .97, 1?=.00 to 1.13.

Six performance metrics had significantly worse perfor-
mance in the group with ASD compared to the typically
developing group (see Supplemental Table 2b). Three per-
formance metrics had significantly worse performance in
the group with ADHD compared to the typically developing
group (see Supplemental Table 2c).

Planning

Planning was evaluated in five performance metrics as part
of four tasks, where no performance metric showed signifi-
cantly worse performance in either group (see Supplemental
Figure and Supplemental Table 2a). The five performance
metrics had effect sizes ranging from Hedge’s g=—0.61 to
0.31, p=.22t0.77, 1*=.00 to 1.13.

The group with ASD performed significantly worse than
the typically developing group on one performance metric
(see Supplemental Table 2b). The group with ADHD did
not perform significantly worse than the typically develop-
ing group on any performance metrics (see Supplemental
Table 2c¢).

Processing Speed

Processing Speed was evaluated in 10 performance metrics
as part of seven tasks, where one performance metric exem-
plified significantly worse performance in ASD and one
performance metric exemplified significantly worse perfor-
mance in ADHD (See Supplemental Figure and
Supplemental Table 2a). The Initial Thinking Time—from
the CANTAB—Stockings of Cambridge (SOC) task found
a significant result in studies (k=2) with the group with
ADHD (n=38) scoring higher than the group with ASD
(n=38) (Hedge’s g=-0.69, p<.01, 95% CI[-1.16,—0.23],
2=.00). The Mean—from the WISC—Processing Speed
Index (PSI) found a significant result in studies (k=3) with
the group with ADHD (n=308) scoring higher than ASD
(n=220; Hedge’s g=—0.43, p<.001, 95% CI [—0.60,
—0.25], 1*=.00). The remaining eightperformance metrics
had effect sizes ranging from Hedge’s g=-0.23 to 0.26,
p=.1710.95,t*=.00 to .25.

Five performance metrics identified significantly worse
performance in the group with ASD compared to the typi-
cally developing group (see Supplemental Table 2b). Five
performance metrics also identified significantly worse per-
formance in the group with ADHD compared to the typi-
cally developing group (see Supplemental Table 2c¢).

Attention

Attention was evaluated in 10 performance metrics as part
of four tasks, where one performance metric showed sig-
nificantly worse performance in ASD compared to ADHD
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WISC - Letter Number Sequencing Mean
Andersen 2013 ——t— -0.15 (-0.54, 0.24) 47.01
Li 2017 —_—— -0.10 (-0.53, 0.34) 39.53
Matsuura 2014 + 0.53 (-0.26, 1.32) 13.46
Subtotal (I-squared = 14.6%, p = 0.310) < -0.04 (-0.34, 0.26) 100.00
WISC - Working Memory Index Mean
Li 2017 —_— 0.17 (-0.26, 0.61) 77.06
Matsuura 2014 L g 0.51 (-0.28, 1.30) 22.94
Subtotal (I-squared = 0.0%, p = 0.465) L 0.25 (-0.13, 0.63) 100.00
NOTE: Weights are from random effects analysis

I I
-2.06 0 2.06
ADHD ASD

Figure 3. Forest plot of working memory meta-analysis.

Note. Standardized Mean Difference (SMD) estimates are reported using Hedge’s g. I? estimates are only relevant for analyses of five or more articles.
Significance has been reached when the Subtotal does not cross 0. Positive values indicate greater scores in the ASD group. CANTAB = cambridge
neuropsychological test automated battery; SSP=spatial span; SWM = spatial working memory; SOPT =self-ordered pointing task; WISC =Wechsler
intelligence scale for children.
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%
study SMD (95% Cl) Weight
ID/ED - TTC at ED Stage
Corbett 2009 e -0.16 (-0.81, 0.50) 20.50
Goldberg 2005 jr— -0.15 (-0.79, 0.49) 21.41
Happe 2006 frem— -0.14 (-0.64, 0.36) 35.31
Sinzig 2008b " g 0.17 (-0.45, 0.79) 2278
Subtotal (I-squared = 0.0%, p = 0.860) > -0.08 (-0.37, 0.22) 100.00
D-KEFS Total Switching Accuracy - Mean
Corbett 2009 4 -1.43 (-2.17,-0.69)  47.43
Kenwaorthy 2020 -— 0.13 (-0.14, 0.40) 52.57
Subtotal (l-squared = 93.3%, p = 0.000) — — -0.61 (-2.13, 0.91) 100.00
WCST - Categories Complete
Hutchison 2016 — -0.34 (-0.89, 0.21) 18.76
Kado 2012 — -0.22 (-0.62, 0.18) 22.35
Nyden 1999 . g 0.99 (0.05, 1.93) 11.42
Tsuchiya 2005 —_—— -0.48 (-1.13, 0.16) 16.73
Wang 2018 — 0.58 (0.00, 1.16) 18.14
Yasumura 2014 -0.35 (-1.21, 0.52) 12.59
Subtotal (l-squared = 62.0%, p = 0.022) ::‘—- -0.02 (-0.43, 0.39) 100.00
WCST - Perseverative Errors
Geurts 2004 —pes 0.63 (0.21, 1.05) 14.97
Hutchison 2016 + 0.19 (-0.36, 0.74) 11.98
Kado 2012 - -0.13 (-0.53, 0.26) 15.44
Ozonoff 1999 —— 0.84 (0.32, 1.37) 12.41
Tsuchiya 2005 —_—] -0.30 (-0.93, 0.34) 10.30
Wang 2018 —_—— -0.04 (-0.60, 0.53) 11.63
Winsler 2007 —— 0.20 (-0.35, 0.75) 11.98
Yang 2009 e 0.00 (-0.58, 0.58) 11.29
Subtotal (l-squared = 56.2%, p = 0.025) O 0.19 (-0.09, 0.47) 100.00
WCST - Total Errors
Kado 2012 i 0.04 (-0.36, 0.43) 42,60
Tsuchiya 2005 -0.01 (-0.65, 0.62) 16.74
Wang 2018 — -0.09 (-0.65, 0.48) 20.93
Yang 2009 Ommmm— 0.00 (-0.58, 0.58) 19.73
Subtotal (l-squared = 0.0%, p = 0.989) > -0.00 (-0.26, 0.25) 100.00
WCST - Non-Perseverative Errors
Kado 2012 . 0.24 (-0.16, 0.64) .77
Tsuchiya 2005 . — 0.22 (-0.42, 0.85) 28.23
Subtotal (I-squared = 0.0%, p = 0.949) 0 0.23 (-0.10, 0.57) 100.00
WJ Cog lIl - Fluid Reasoning Index
Semrud-Clikeman 2010a -0.41 (-0.77, -0.05) 54.72
Semrud-Clikeman 2010b ¢ -1.52 (-2.28, -0.76) 45.28
Subtotal (I-squared = 85.1%, p = 0.010) — u— -0.91 (-1.99, 0.17) 100.00
NOTE: Weights are from random effects analysis
| ]
-2.28 0 2.28
ADHD ASD

Figure 4. Forest plot of cognitive flexibility/set-shifting meta-analysis.

Note. Standardized Mean Difference (SMD) estimates are reported using Hedge’s g. I? estimates are only relevant for analyses of five or more articles.
Significance has been reached when the Subtotal does not cross 0. Positive values indicate greater scores in the ASD group. ID/ED=CANTAB
intra-dimensional/extra-dimensional set shifting; TTC =number of trials needed to reach criterion; D-KEFS = Delis-Kaplan executive function system;
WCST =Wisconsin card sorting task; W] Cog=Woodcock-Johnson tests of cognitive abilities.

(see Supplemental Figure and Supplemental Table 2a). The ADHD (n=33) scored higher than the group with ASD
Visual Response Control Quotient from the (CPT) found a (n=33; Hedge’s g=—1.23, p=.02, 95% CI [-2.24, —0.22],
significant result in studies (k=2) where the group with 12=.38). The remaining nine performance metrics had



Townes et al.

1579

effect sizes ranging from Hedge’s g=-0.62 to 0.26, p=.16
to .75, t*=.00 to 1.73.

Eight performance metrics expressed significantly worse
performance in the group with ASD compared to the typi-
cally developing group (see Supplemental Table 2b). Eight
performance metrics also expressed significantly worse
performance in the group with ADHD compared to the typi-
cally developing group (see Supplemental Table 2c¢).

Visuospatial Abilities

Visuospatial Abilities were evaluated in four performance
metrics as part of four tasks, where one performance metric
showed significantly worse performance in ADHD com-
pared to ASD (see Supplemental Figure and Supplemental
Table 2a). The Mean from the WISC Block Design found a
significant result in studies (k=4) where the group with
ASD (n=125) scored higher than the group with ADHD
(n=144; Hedge’s g=0.34, p=0.01, 95% CI [0.10, 0.59],
12=.00). The remaining nine performance metrics had
effect sizes ranging from Hedge’s g=-0.26 to 0.08, p=.19
to .68, 12=.00 to .00.

Three performance metrics showed significantly worse
performance in the ASD group compared with the typically
developing group (see Supplemental Table 2b). Two perfor-
mance metrics showed significantly worse performance in
ADHD and one performance metric showed significantly
better performance in the group with ADHD than the typi-
cally developing group (see Supplemental Table 2c¢).

Discussion

This is the first meta-analysis of EF studies focusing on
direct comparisons of children and adolescents with ASD
and those with ADHD. Limiting this review to direct com-
parisons allowed for tighter control over the tasks, task con-
ditions, and factors such as age, sex, medication status at the
time of testing, and testing environment (e.g., during an
fMRI or EEG scan), which could confound the interpreta-
tion of results of indirect comparisons where ASD and
ADHD are first compared to typically developing individu-
als and then the results are compared between groups.

The results of this meta-analysis found no evidence to
support the hypothesis that children and adolescents with
ASD and those with ADHD have distinct EF profiles. The
current meta-analysis did confirm that both ADHD and
ASD exhibited EF deficits compared to the typically devel-
oping peers. Both ASD and ADHD groups performed sig-
nificantly worse than the typically developing group in
response inhibition, cognitive flexibility, visuospatial abili-
ties, and attention. Less consistent deficits were also found
in processing speed and working memory. No deficits in
planning were found in ASD or ADHD. The current results
support the hypothesis that ASD and ADHD share some

underlying mechanism even though they are distinct clini-
cal disorders.

The results of this meta-analysis of direct comparisons
using a meta-analytical approach of ASD and ADHD differ
from the conclusions reached by previous reviews (Antshel
& Russo, 2019; Banaschewski et al., 2005; Craig et al.,
2016). Craig et al. (2016) compared children with ASD and/
or ADHD and found both groups had similar executive
function impairments in attention and working memory.
Craig et al. (2016) further identified cognitive flexibility
and planning deficits in those with ASD only. Lastly, Craig
et al. (2016) found response inhibition impairments in those
with ADHD only. Antshel and Russo (2019) also reviewed
the literature on executive functioning in those with ASD
and ADHD, though their review was not systematic and
they did not look specifically at youth. Antshel and Russo
(2019) concluded that only individuals with ADHD exhib-
ited challenges in response inhibition and planning. They
also found only individuals with ASD expressed challenges
in cognitive flexibility (Antshel & Russo, 2019). Another
review comparing those with ADHD to different disorders
including those with ASD found mixed results in children,
where individuals with ASD exemplified greater difficulties
in cognitive flexibility and planning (Banaschewski et al.,
2005).

This meta-analysis was not able to determine if the simi-
larity in EF deficits in ASD and ADHD were due to the high
rate of comorbidity of these disorders (Hours et al., 2022).
Few studies were found that included a group with comor-
bid ASD and ADHD and fewer that controlled for comor-
bidity using quantitative trait measures. Some studies which
included a comorbid group found greater deficits in the
comorbid group compared to the ASD, ADHD and typi-
cally developing groups (Antshel & Russo, 2019; Craig et
al., 2016; Hwang-Gu et al., 2019). These studies do not
clarify whether EFs are associated with ASD or ADHD or
whether the comorbid group represents a distinct diagnostic
entity (Caron & Rutter, 1991; Krakowski et al., 2021).
Studies in which ADHD and ASD traits were controlled
indicate that, at least response inhibition and response vari-
ability, may be more strongly associated with ADHD than
with ASD traits (Karalunas et al., 2018; Schachar et al.,
2022). Taken together, these results are not inferring that all
children with ASD should be suspected of having ADHD
because each disorder present differently clinically in other
symptom areas such as in social functioning (Hours et al.,
2022). Rather, executive functioning deficits are apparent
across both neurodevelopmental disorders.

Limitations

The literature that was available for meta-analysis covered
a wide range of EF processes using many different tests.
Theoretical limitations prevented a pooled estimated across
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all performance metrics evaluating each EF domain. Many
individual analyses included a small number of articles and
participants, precluding the ability to evaluate moderating
variables, such as age, that may significantly influence
results. Many analyses also had large between-study varia-
tions. While the risk of bias assessment found a medium-
high quality of articles, external validity categories (extent
findings can be generalized to the respective population)
were low. Only English articles were included, which may
have excluded some international publications. We found
few studies that included a comorbid group, controlled for
traits of ASD and ADHD, or distinguished between ADHD
subtypes precluding adequate consideration of the effect of
comorbidity and subtype on EF performance (Schachar et
al., 2022; Semrud-Clikeman et al., 2010).

Future Directions

EFs were measured by a plethora of tasks with variation
among studies in what EFs were attributed to each task,
which has been a long-standing issue in the literature
(Lezak, 1982). In the future, standardization of EF tests and
performance metrics would greatly increase the consistency
of reporting and reliability of results improving data inte-
gration across studies (Verbruggen et al., 2019). One
method to accomplish this goal would be to adopt the NIMH
Research Domain Criteria (RDoC) approach (Insel et al.,
2010) and standardized measures of each EF such as in the
NIH ToolKit (Hodes et al., 2013). Future evaluations of the
effect of comorbidity, dimensional ADHD traits, age, and
sex on executive functioning are necessary.

Conclusion

This meta-analysis provides the most systematic and up-to-
date summary of the executive function profiles in children
and adolescents with ASD and those with ADHD. No dif-
ferences were found between children and adolescents with
ASD and ADHD in any executive function domain.
However, individuals with ASD and individuals with
ADHD exhibited significant deficits compared to controls.
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