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Abstract: Two neurodevelopmental conditions, autism spectrum disorder (ASD) and attention deficit
hyperactivity disorder (ADHD), have been associated with executive function (EF) impairments but
the specificity of their impairments is still controversial. The present meta-analysis aimed to identify
the differences in EF profiles of ASD, ADHD, and ASD+ADHD in relation to a control group of
individuals with typical development (TD) and to understand whether the EF performance could
change depending upon the type of measure used to assess EF (performance tests vs. questionnaires).
Results from 36 eligible studies revealed that ADHD and ASD showed more difficulties than the TD
group in tests and, particularly, in questionnaires. No significant differences in the EF profile emerged
between ASD and ADHD when assessed through neuropsychological tests (d = 0.02), while significant
differences emerged when assessed through questionnaires, with ADHD having higher ratings than
ASD (d = −0.34). EF questionnaires and neuropsychological tests may catch two different constructs
of EF, with the former being more predictive of everyday life EF impairments. The comparison
between the double diagnosis group (ADHD+ASD) and the clinical groups pointed out that the
former has a more similar EF profile to the ADHD-alone one and that it shows more difficulties
than ASD-alone.

Keywords: executive functions; ASD; ADHD; measures; meta-analysis

1. Introduction

Executive functions (EF) impairments have been fully described and linked to attention
deficit hyperactivity disorder (ADHD) and autism spectrum disorder (ASD) [1]. Although
no unanimous agreement has been reached on the definition of EF, most definitions describe
them as a broad family of mental top-down processes used during the selection and
execution of goal-directed thoughts and behaviors [2]; they are essential for cognitive,
social, and psychological development.

ADHD is a neurodevelopmental condition primarily characterized by symptoms in
two behavioral domains: inattention and/or hyperactivity and impulsivity [3]. Many
studies have observed EF impairments in ADHD [4,5] but a controversy over whether
executive dysfunction should be identified as the core impairment or just as a secondary
feature of the condition remains [6]. If we consider EF impairment as one of the most
important characteristics in children with ADHD, then we will expect to observe lifelong
difficulties in this domain across adulthood. However, empirical findings in this field are
yet not clear. Given the heterogeneity of the results, it does not seem helpful to think of
a unitary model where executive dysfunction represents the single-core impairment in
ADHD. Instead, the conceptualization of this disorder as a neurodevelopmental condition
with heterogeneous origins and manifestations seems more appropriate [7]; this hetero-
geneity becomes evident considering the impairments in other domains such as delay
aversion, i.e., the tendency to avoid delay and obtain an immediate reward. For this reason,
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it can be assumed that ADHD includes problems at the inhibition level and problems in
motivational and high-affective processes.

Unlike ADHD, executive impairment has not generally been conceptualized as one
of the distinctive features of ASD, a neurodevelopmental condition described by a dyad
of symptoms that includes social communication inadequacy combined with patterns
of restricted/repetitive behaviors or interests [3]. ASD has been described as primarily
characterized by social cognition impairments; however, it should be noted that many
people with ASD often exhibit an impairment in the EF domain [8,9], although different
studies have reached mixed conclusions on the type of affected function. It is known that
social cognition is related to EF in ASD: as Geurts et al. (2010) pointed out, cognitive
flexibility requires the ability to shift between tasks and strategies, in the same way as a
solid Theory of Mind (ToM) requires the ability to change the point of view, being able to
take and understand someone else’s perspective [10].

Regarding the co-occurrence of these two disorders, while the DSM-IV did not allow
a comorbid diagnosis of ADHD and ASD [11], as they were mutually exclusive, the
fifth edition of DSM (DSM-5) [3] admits the possibility of a co-occurrence between these
two conditions. The EF profile of ADHD+ASD, however, is not yet completely clear; in
fact, some studies have described important differences in attentional functions between
ASD and ADHD individuals, while others suggest that these disorders show identical
impairments [12]. A research question indeed concerns their EF profile, questioning what
kind of EF impairments are typically associated with the comorbidity of ADHD and ASD.
This question, however, does not have an easy answer, as ADHD and ASD are often
characterized by similar EF weaknesses; Carter Leno and colleagues (2018) have shown
the limit of using EF profile to discriminate between ADHD and ASD, since in their study,
they failed to differentiate these disorders using EF tasks and found many EF impairments
shared by the ADHD group and the ASD group [13].

Since EF is a multidimensional construct, there is still no unanimous agreement on
which specific functions are part of this umbrella term. However, according to a review
of more than 100 EF studies [14], three main core EF studies were the most frequently
mentioned across studies, in line with Miyake’s model [15]: inhibition, working memory
(WM), and cognitive flexibility. Inhibition is the capacity to “control one’s attention, be-
havior, thoughts, and emotion to over-ride a strong internal predisposition or external
lure, and instead do what is more appropriate or needed” [2] (p. 137); inhibition can be
captured by a task that requires the subject to inhibit either a thought or an action, as a
Stroop task and Go/No-Go task. WM can be defined as the ability to hold in mind and
mentally manipulate information simultaneously, captured by a test that required an active
manipulation of visuospatial or verbal material such as the Corsi block or backward digit
span. At last, cognitive flexibility, also defined as set-shifting, refers to various abilities,
including changing perspectives both spatially and interpersonally and adapting to new
and changed demands without clinging to a rigid perspective. The cognitive flexibility test
requires a shifting or a flexible adjustment to new rules, e.g., the Wisconsin Card Sorting
Test, Trail Making test). Other functions, higher-order EF, such as planning, reasoning, and
problem solving, develop from these core processes [16]. Planning tests require children to
program the right action with mental anticipation (e.g., Tower test), while problem-solving
tasks challenge thinking and assess fluid intelligence (i.e., Raven matrices and Block Design
of WISC-IV).

Historically, EF has been conceptualized as pure logic and cognitive processes but
recently, the role of motivational aspects has emerged [17]. For this reason, sometimes EF
can be divided into two subgroups called “hot” and “cool” EF. This difference concerns
the type of cognitive process involved as well as the neural networks; cool EF concerns the
strictly cognitive level and is associated with the dorsolateral prefrontal cortex, whereas
hot EF concerns the emotional/motivational level in situations where the psychological
process is driven by emotions exerting their interference and include the orbital and medial
prefrontal cortex [18]. Hot EF is the type of EF needed during self-regulation, a process
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based on effortful control, meaning the ability to “maintain optimal levels of emotional,
motivational and cognitive arousal” [2,19] (p. 152).

Methods used to evaluate EF can be divided into two categories that do not provide
the same information: questionnaires and neuropsychological tests. In order to obtain a
detailed assessment, both measures (questionnaires and neuropsychological tests) should
be used as they often do not reflect the same constructs or catch the same information [20].
Performance-based tests are well structured and generally provide an assessment under
optimal conditions; therefore, individuals with problem behaviors may sometimes perform
adequately on this type of test. On the other hand, rating measures do not assess optimal
performances: they focus on everyday life contexts, providing a more ecological assessment
although influenced by potential biases related to the context and to the informant.

Previous studies have investigated EF separately in ADHD or ASD, comparing them
to a typical developing (TD) group, leading to the homogeneous conclusion that both
clinical conditions are usually impaired in this domain, showing more EF difficulties
than TD, although findings remain inconclusive regarding the severity of the impairment
and the specificity of the impaired EF-component. Considering the comparison between
ADHD and ASD, several studies have also compared these two disorders alone, leading
to heterogeneous conclusions: while some of them found that the two groups were very
similar in their EF profiles [21], other studies [22] proposed that ADHD is mainly associated
with an inhibition weakness (as proposed by Barkley in 1997 [23]), whereas in ASD the
EF components that have been found to be more impaired are cognitive flexibility and
planning [24–26]. A recent systematic review and meta-analysis by Townes and colleagues
(2023) evaluated EF differences between individuals under 19 years of age with a diagnosis
of ASD and ADHD, examining 58 articles [27]. Townes et al. found no differences in
EF profiles between individuals diagnosed with ASD and ADHD, stating that although
they are two distinct clinical disorders, they share some underlying mechanisms. This
meta-analysis confirmed that both ADHD and ASD showed EF impairments compared to
the TD group. No distinction between the types of assessment (i.e., neuropsychological
tests vs. questionnaires) was taken into account.

However, most of the studies have reached the same conclusion: an EF weakness
characterizes both ADHD and ASD and the difference between them does not lie in the
global EF (impaired in both disorders) but possibly within the single EF components that
may be more or less impaired according to the clinical condition.

The current meta-analysis was undertaken to clarify the different EF profiles of ADHD
and ASD, using a control group formed by individuals with typical development. Our aim
was to shed more light on a topic with contrasting and non-univocal results; clarifying if
the EF profile of these two disorders could help researchers and clinicians to understand
whether EF difficulties may be considered a specific marker associated with one disorder
more than the other. Moreover, we were interested in finding if the EF profile may vary
based on the type of instrument used to assess it (i.e., neuropsychological test vs. question-
naires) since the use of different instruments in clinical evaluation should follow a reasoned
criterion such as, among others, choose the most appropriate instrument in order to best
capture and describe the clinical characteristics of someone’s individual functioning.

Based on the literature, the following research questions were taken into account:

(1) Firstly, we examined the EF performance of the two clinical groups (ADHD and ASD)
compared to the TD group;

(2) Secondly, we aimed to search for possible differences within the single EF components
by comparing the ADHD group and the ASD group;

(3) Thirdly, we aimed to understand whether differences in the overall EF performance
changed depending on the type of assessment measures: performance-based neu-
ropsychological tests to assess the efficiency of high-order cognitive processes vs.
questionnaires to assess success in goal pursuit; to address this question, we carried
out two distinct analyses, since, as mentioned above, these instruments do not assess
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the same construct. We aimed to obtain a wider comprehension regarding the differ-
ences in EF between individuals with ADHD and ASD based on these two measures;

(4) Furthermore, an additional goal was to investigate the EF profile of the double-
diagnosis group (ADHD+ASD). We included the group with comorbidity in order to
understand if a double diagnosis would be associated with higher, similar, or lower
executive impairment compared to the single diagnosis (ADHD-only and ASD-only).

2. Methods
2.1. Inclusion and Exclusion Criteria

The eligible studies had to meet the following inclusion criteria: (a) studies with
comparisons of children/adolescents with ADHD, children/adolescents with ASD and
TD children/adolescents as the control group; (b) participants with IQ ≥ 70; (c) at least
one measure related to EF; (d) at least one measure of EF had to be a direct measure
(experimenter-administered or computer-based neuropsychological test) or an indirect
measure (questionnaire); (e) at least ten participants per group, as smaller samples could in-
crease the probability of publication bias; (f) diagnosis of ADHD, ASD, or double diagnosis
made by appropriate professional figures referring to the main diagnostic classification sys-
tems (DSM IV, IV-TR, 5, and International Classification of Diseases, 10 [ICD 10]). The use
of different versions of DSM was because many studies were conducted before the release
of the current version of DSM and they included participants with different clinical diag-
noses that later converged in the “ASD” diagnostic category of the current version of DSM,
DSM-5; (g) paper written in English; and (h) studies from 1999 to 2021 were considered.

We excluded those studies whose participants were outside the age range we wanted
to assess (6–18 years). We decided to consider this age range for two reasons: primarily,
this was because the diagnosis of ADHD under the age of 6 can be unreliable since the
hyperactive and impulsive symptoms under the age of 4 are hardly differentiated from
the hyperactive manifestations that can be typically observed during early infancy and the
inattention symptoms become predominant during the primary school years [3]; secondly,
because over the age of 18, the clinical manifestations of EF and the instruments used to
assess them may be different and the EF development usually reaches a plateau during the
young adulthood (around 22–23 years old). Then, we excluded all the studies evaluating
EF through neuro-functional methods such as fMRI, MRI, EEG, or PET; however, we
included studies containing an assessment of EF associated with neuro-functional methods,
if they reported data of accuracy/reaction times of behavioral tasks. The outcomes we
assessed were presented in the form of accuracy (or error rates) or reaction time ([RT]
or speed). In addition to the three groups described above, we included those studies
containing a double-diagnosis group. For a detailed description of each study, please see
Supplementary Materials.

2.2. Data Identification and Screening

In accordance with the PRISMA statement [28], a systematic search strategy was
implemented to retrieve eligible studies to include in the meta-analysis. The research plan
has been preregistered on the Prospero website (https://www.crd.york.ac.uk/prospero/
display_record.php?ID=CRD42021232689).

We searched through the following databases: PubMed, PsychInfo, Web of Science,
ProQuest Dissertations and Theses Global, e-thesis online service (EThOS), and DART-
Europe E-theses Portal to retrieve all the potential published and unpublished studies (such
as doctoral dissertations) representing the “gray literature”. In addition to this, we searched
the reference lists of retrieved articles to find further potentially admissible studies. Our
search strategy consisted of a combination of the terms “executive functions”, “ADHD”,
“ASD”, and their synonyms (see Appendix A for the entire search string) implemented
through the different databases. After excluding duplicates, 5425 records were screened
independently by the second author and the third author based on inclusion/exclusion
criteria. The agreement rate in this phase was 99%. Of these articles, only 102 were assessed

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021232689
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021232689
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for eligibility and screened full-text by the second and the third authors. Four studies were
selected from the reference list; therefore, in total, 106 full-text articles were screened. The
agreement rate in this phase was 91%; any disagreement about the eligibility of a study
was solved through discussion with the fourth author. Finally, we were able to identify
36 articles that met all the inclusion criteria and were included in the meta-analysis, with
a total of 505 effect sizes (437 studies including neuropsychological tests and 68 studies
including questionnaires). The flow chart presenting the method of literature search and
exclusion criteria is shown in Figure 1.
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Figure 1. This figure shows the flow chart presenting the method of literature search and exclu-
sion criteria.

During the coding phase, the second and the third authors coded different character-
istics of the sample following a predefined coding schema. This included bibliographic
information (title, authors, country of publication, year of publication, type of publication
[published vs. unpublished]), information about participants (sample size, mean age, mean
IQ and number of females in each group, presence vs. absence of the double diagnosis
group, presence vs. absence of washout—this term usually refers to a suspension from
medication that could be discontinued 24 to 48 h before the testing—from any medication
such as stimulant, anti-depressants, anti-anxiety, or anti-psychotic drugs), and information
about the instruments used to assess EF (type of measure, type of EF domain assessed,
type of task, type of outcome measure [accuracy vs. errors], and use of standardized test).
EFs were coded following Diamond’s hierarchical model [2], containing three core EFs
(inhibition, working memory, and cognitive flexibility) and two high-order EFs (planning
and problem solving). We considered “neuropsychological tests” those instruments that
directly assessed EF, based on a performance that was later interpreted based on norma-
tive standards (indeed, they are also called “performance-based tests”). We classified
neuropsychological tests as measures of different EF based on the description mentioned
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in the introduction. With regard to the questionnaires, we considered those instruments
that require a person (parents/teachers/children themselves) to evaluate EF in everyday
life; three main questionnaires converged within this type of instrument: BRIEF (first edi-
tion) [29], early adolescent temperament questionnaire-revised [30], and attentional control
scale [31]. Information on the reliability of the measures used in the collected studies is
provided in Supplementary Materials. Details of the individual studies are presented in
Supplementary Materials. The database collected for the purpose of this meta-analysis can
be retrieved online at Supplementary Materials Data.

2.3. Data Extraction

First, duplicates have been searched and removed by software (Excel 2020). Second,
the title and abstract of the rest were screened by the second author according to inclusion
and exclusion criteria. For articles without an available abstract or lack of information for a
decision, the full-text version has been reviewed. All retrieved articles have been screened
independently by the third author based on titles and abstracts. Studies that did not meet
the defined criteria had been discarded. Furthermore, the reference lists of former reviews
and relevant studies have been scanned by the second author to pick up potentially eligible
studies not captured by the literature search.

Then, the second and the third authors independently reviewed the full text of the
identified articles to identify studies for final inclusion. In doing so, the key information has
been extracted and kept in Excel sheets. Disagreements were resolved through discussion
and with a third review team member, if necessary. Extracted data include bibliographical
information, sample demographics (e.g., age, sex), study setting, study design and method-
ology, information about the included measurement scales, results relating to the research
question, and information relevant to quality assessment.

Population

All the participants from the 36 papers included in the meta-analysis were children and
adolescents in the age range of 6 to 18 years old, with an IQ ≥ 70, and were members of four
possible groups: ADHD, ASD, ADHD+ASD, and TD. The ADHD group included subjects
with predominantly inattentive type, predominantly hyperactive type, and combined type;
the ASD group included participants with a diagnosis of “Autistic Disorder” but also
of “Asperger Syndrome” or “Pervasive developmental disorder not otherwise specified,
PDD-NOS” as the DSM-IV-TR described [11]. The comorbidity group included individuals
with symptoms related to both diagnostic categories and who met the criteria for both
diagnoses [3]. Finally, the TD group included children and adolescents without any
psychiatric history or clinical diagnosis and with a normal history of development. Subjects
from the clinical groups were considered free from the influence of any medication if the
authors specified that they selected only subjects without any pharmacological treatments
or if they specified that they had an adequate period (24 to 48 h) of washout in order
to eliminate from their body the medication. Instead, they were considered under the
influence of medication if they did not have an adequate washout period or if they had
it only for stimulant medication and not for other drugs such as anti-depressants and
anxiolytics. However, within the included studies, only four studies reported just a partial
washout and six studies gave no information about medication use.

2.4. Meta-Analytic Approach

The statistical software JASP version 0.14.1 (JASP team, 2020) was used to perform
the meta-analysis comparing group effect sizes. A random-effects model was used for all
the analyses due to population heterogeneity [32] and the maximum likelihood method
was used to estimate the parameters. We calculated a standardized effect size (Cohen’s
d) for each study: the effect sizes had been computed for groups with different sample
sizes by adjusting the pooled standard deviation calculation with weights for the sample
sizes. This approach is overall identical to Cohen’s d (Cohen’s d = M1 − M2/SD pooled)



Children 2024, 11, 473 7 of 19

with a correction of a positive bias in the pooled standard deviation. Standard group
differences are classified as small (d = 0.20), moderate (d = 0.50), and large (d = 0.80; Cohen,
1988). Additionally, a confidence interval for the effect size and the desired confidence
coefficient was computed according to Hedges and Olkin (1985) [32]. For each study, we
calculated an effect size for the mean difference in EF components (i.e., inhibition, verbal,
and visuospatial working memory, cognitive flexibility, planning, and problem solving)
between the groups compared in the meta-analysis. Thus, each study might contribute to
the effect size for multiple EF components, violating the principle of independence [33].
Since we were interested in knowing if EF varied across different EF domains between
children diagnosed with ASD and ADHD, we decided to include multiple EF outcomes
within the studies. This would allow for investigation of whether ASD and ADHD EF
differ by EF domain. The heterogeneity of the effects was assessed with Q statistics [34].
As declared in pre-registration, in addition to the principal analysis, we have conducted
moderation analyses of continuous moderators through a meta-regression analysis and
categorical moderators through Q statistics to investigate potential sources of heterogeneity.
These analyses can be found in Supplementary Materials. To address our research questions,
we divided the analysis into five contrasts:

The first three contrasts investigated the differences between ADHD, ASD, and TD
(contrast 1: ADHD vs. ASD; contrast 2: TD vs. ADHD; and contrast 3: TD vs. ASD);

The fourth and the fifth contrasts addressed the additional research question about
the EF profile of the double diagnosis group (contrast 4: ADHD vs. ADHD+ASD and
contrast 5: ASD vs. ADHD+ASD).

We converted the data so that in contrast 1, a positive effect size represented a finer per-
formance in ADHD, in contrast 2 and 3 a positive effect size represented a finer performance
in TD, and in contrast 4 and 5 a positive effect size indicated, respectively, that ADHD and
ASD had a higher performance than the double diagnosis group. Only in the first contrast
(ADHD vs. ASD) did we investigate if the global EF performance varied across the EF
component, using the “EF component” as a moderator. To address the research question
about the type of instruments used to assess EF, for each contrast, we first investigated the
potential influence of the variable “type of measure”. If it showed a significant effect, we
proceeded with separate analyses between direct measures (neuropsychological tests) and
indirect measures (questionnaires). Therefore, for each of the three contrasts, we separated
the data by the type of EF instrument used (neuropsychological tests or questionnaires)
and ran analyses separately.

2.5. Study Quality and Risk of Bias

The included studies have not been assessed for quality because extracted data from
eligible studies are cross-sectional in nature. However, the findings have been examined
for publication bias using a Funnel plot and by comparison of the results from studies from
peer-reviewed journals and the grey literature.

2.6. Publication Bias

Given that published studies, compared with unpublished studies, are more likely
to report significant findings, meta-analyses can potentially overestimate effect sizes [35].
To ensure the present meta-analysis was not influenced by publication bias, we explored
the funnel plots (see online resource four for the funnel plots of the five contrasts) and
checked the rank correlation (Kendall’s tau). Contrast 1 had a balanced funnel plot and
a non-significant Kendall’s tau p-value (Kendall’s tau = 0.029, p = 0.615), while contrast 2
and 3 showed a less balanced distribution and a significant Kendall’s tau p-value (p < 0.001
and p = 0.002), meaning possible asymmetry and publication bias. However, several other
studies confirmed significant differences in the EF profile between TD and the two clin-
ical groups, with TD having significantly higher EF performance than ADHD and ASD;
therefore, the significant p-values were not a major concern. Funnel plots of the comor-
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bidity group were balanced and showed no indication of publication bias (Kendall’s
tauADHD vs. ADHD+ASD = 0.183, p = 0.094; Kendall’s tauASD vs. ADHD+ASD = 0.124, p = 0.258).

3. Results
3.1. Descriptive Statistics

Of the 36 articles included in the meta-analysis, 33 were published papers and 3 were
doctoral dissertations. Table 1 shows the descriptive characteristics of the sample included
in the meta-analysis. In total, 4760 participants across groups were included in the meta-
analyses. Results show that the samples did not significantly differ in age (F(3, 115) = 0.988,
p = 0.401) or in the number of females (F(3, 109) = 1.80, p = 0.151), whereas there was a
significant difference in IQ between the groups (F(3, 106) = 11.6, p < 0.001), with the post
hoc test (Tukey HSD) indicating that the TD group had higher IQ than ADHD (p < 0.001),
ASD (p < 0.001), and ADHD+ASD (p = 0.011), whereas the clinical groups did not differ
from each other.

Table 1. Descriptive Statistics of the samples included in the meta-analysis.

ADHD ASD TD ADHD+ASD
(n = 1612) (n = 1049) (n = 1801) (n = 298)

Variable Mean SD Mean SD Mean SD Mean SD Group. Sign

Age 10.5 1.262 10.9 1.481 10.6 1.323 10.3 0.747 n.s.

IQ 103 5.74 102.5 6.00 110 5.33 104 3.29 TD > ADHD, ASD,
ADHD+ASD

Females 278 (17%) 84 (8%) 468 (26%) 32 (11%) n.s.

Note. ADHD = Attention deficit/hyperactivity disorder; ASD = Autism spectrum disorder; TD = Typical
developing; ADHD+ASD = Comorbidity Group.

3.2. Main Analyses: TD vs. ADHD Comparison

A significant effect was found comparing TD to ADHD, Z = 10.471, p < 0.001, d = 0.73
(SE = 0.07, CI = [0.594, 0.867], Q(140) = 946.833, p < 0.001. The type of measure resulted in a
significant value (Q = 53.658, p < 0.001); therefore, we separated the analyses.

Neuropsychological tests. ADHD had significantly lower performances than TD,
Z = 9.338, p < 0.001, d = 0.54 (SE = 0.058, 95% CI = [0.428, 0.654]) meaning that TD performed
more effectively than ADHD with a medium effect size. Significant heterogeneity was
found across studies, Q(120) = 493.605, p < 0.001.

Questionnaires. The analysis revealed that ADHD had significantly lower perfor-
mances than TD even in questionnaires, Z = 9.189, p < 0.001, with a Cohen’s d = 1.76
(SE = 0.192, 95% CI = [1.387, 2.139] and the effect is considered of very large magnitude.
Heterogeneity was still significant, Q(19) = 176.523, p < 0.001.

3.3. Main Analyses: TD vs. ASD Comparison

TD compared to ASD resulted in a significant effect, Z = 11.557, p < 0.001, d = 0.64
(SE = 0.055, CI = [0.532, 0.749]); Q(140)= 659.172, p < 0.001. The type of measure resulted in
a significant value (Q = 35.984, p < 0.001), so we separated the analyses.

Neuropsychological tests. ASD had significantly lower performances than the TD
group, Z = 10.333, p < 0.001, with a Cohen’s d = 0.51 (SE = 0.049, CI = [0.412,0.605], meaning
that the control group showed higher EF performance than ASD, with a medium effect size.
Heterogeneity was found across studies, Q(120) = 391.367, p < 0.001

Questionnaires. ASD had a higher rating than TD in questionnaires, Z = 8.589,
p < 0.001. Cohen’s d = 1.34 (SE = 0.156, CI = [1.036, 1.649]), which meant that TD out-
performed the ASD group with an effect of large magnitude. Significant heterogeneity was
found, Q(19) = 122.630, p < 0.001.
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3.4. Main Analyses: ADHD vs. ASD Comparison

No significant effect was found comparing ADHD to ASD on general EF performance,
Z = −0.577, p = 0.565, Cohen’s d = −0.03 (SE = 0.058; 95% CI [−0.15, 0.08]). Given the high
heterogeneity (Q(140) = 686.535, p < 0.001), we proceeded to test if the “type of measure”
(i.e., neuropsychological tests vs. questionnaires) could moderate the magnitude of the EF
difference between groups. The impact of the “type of measure” resulted in a significant
value (Q = 4.796, p = 0.029), so we decided to report the difference in EF based on the type
of instruments used for each contrast.

Neuropsychological tests. No significant effect was found on EF performance assessed
by direct tasks, Z = 0.293, p = 0.769; Cohen’s d = 0.02 (SE = 0.064, 95% CI = [−0.11, 0.14]).
There was heterogeneity between studies, Q(129) = 584.756, p < 0.001. Since one of the
research questions was to understand if EF performance could change between groups
based on the EF domain, we used the “EF component” as a moderator to investigate
potential differences. No significant differences emerged on the EF domain, Q = 7.203,
p = 0.206, with none of the single EF domains (i.e., inhibition, flexibility, visuospatial WM,
verbal WM, planning, and problem solving) reaching a significant value (d = −0.129;
d = 0.164; d = 0.183; d = −0.48; d = 0.18; and d = 0.268). This analysis, however, contributed
to partially decreasing the heterogeneity (∆Q = 2%).

Questionnaires. On the contrary, questionnaires resulted in a significant effect because
the magnitude of the EF difference varied between ADHD and ASD, Z = −2.684, p = 0.007.
d = −0.34 (SE = 0.125, CI = [−0.58, −0.09]), meaning that ADHD was rated higher (more
EF impairment) than ASD in questionnaires, with a low magnitude effect size. The test for
heterogeneity was significant, Q(19) = 78.097, p < 0.001.

Table 2 reports the results of the EF differences in the first three contrasts globally and
divided by the type of measure.

Table 2. Results of standardized EFs differences between ADHD, ASD, and TD globally and divided
on the type of measure.

ADHD vs. ASD ADHD vs. TD ASD vs. TD

d Global EFs −0.03 0.73 * 0.64 *

Type of Measure Q = 4.796
p = 0.0029

Q = 53.658
p < 0.001

Q = 35.984
p < 0.001

d EFs Test 0.02 0.54 * 0.51 *
d EFs Questionnaires −0.34 * 1.76 ** 1.34 **

Note. Italic text indicates the level of the categorical variable “type of measure”; d global EFs = standardized
difference between groups in global EFs performance; d EFs Test = standardized difference between groups in
a neuropsychological test; d EFs questionnaires = standardized difference between groups in questionnaires;
Q = heterogeneity statistic; * p < 0.05; ** p < 0.001.

For a detailed description of the effect sizes for each study, please see Table 3, which
shows the results of the standardized differences between ADHD vs. ASD, TD vs. ADHD,
and TD vs. ASD.

Table 3. Standardized differences in executive functioning between ADHD, ASD, and TD in the
studies included in the meta-analysis neuropsychological test.

Effect Size (d)

Study ADHD vs. ASD TD vs. ADHD TD vs. ASD

Corbett, 2009 [36] 0.74 0.15 0.84
Boxhoorn, 2018 [37] −0.72 3.17 1.84

Li, 2017 [38] −0.09 0.42 0.23
Geurts, 2004 [39] 0.39 0.25 0.63

Goldberg, 2005 [21] 0.19 0.24 0.44
Gomarus, 2009 [40] 0.38 −0.08 0.26
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Table 3. Cont.

Effect Size (d)

Study ADHD vs. ASD TD vs. ADHD TD vs. ASD

Hutchison, 2016 [41] 0.27 0.55 0.73
Hwang-Gu, 2019 [42] −0.30 0.65 0.33

Johnson, 2007 [43] −0.72 1.34 0.67
Mahone, 2006 [22] −0.35 0.96 0.54

Matsuura, 2014 [44] −0.04 0.55 0.45
Nydén, 1999 [45] −0.31 1.22 0.70

Ozonoff, 1999 [46] 0.43 0.24 0.63
Karalunas, 2018 [47] −0.06 0.46 0.39
Pitzianti, 2016 [48] −0.16 1.81 1.43
Salunkhe, 2021 [49] −0.09 0.33 0.22

Samyn, 2015 [50] 0.02 0.06 0.09
Samyn, 2017 [51] 0.09 0.14 0.24

Semrud-Clikeman, 2010a [52] 0.74 0.16 0.87
Semrud-Clikeman, 2010b [53] 0.41 0.326 0.71

Sinzig, 2008a [54] −0.34 0.46 0.06
Sinzig, 2008b [55] −0.26 0.26 −0.02

Tsuchiya, 2005 [56] 0.05 1.29 1.26
Tye, 2014 [57] −0.25 0.28 0.03

Unterrainer, 2016 [58] −0.35 0.20 −0.12
Unterrainer, 2020 [59] −0.16 0.42 0.22

Verté, 2006 [60] 0.15 0.62 0.72
Wang, 2018 [61] −0.04 0.67 0.70
Xiao, 2012 [62] 0.23 0.58 0.60

Yasumura, 2014 [63] −0.15 0.19 0.05
Azadi Sohi, 2012 [64] −0.20 0.37 0.19
Manteris, 2011 [65] 0.61 −0.22 0.40

Shahabuddin, 2015 [66] −0.25 1.81 1.95

3.5. Main Analyses: ADHD vs. ADHD+ASD Comparison

Comparing ADHD to the double diagnosis group resulted in a non-significant effect,
Z = 0.517, p = 0.605, associated with a low Cohen’s d = 0.04 (SE = 0.08, CI = [−0.12, 0.20]).
This result meant that on the EF profile assessed through neuropsychological tests, the
ADHD group and the double diagnosis group did not differ. The test for the residual
heterogeneity was still significant, Q(36) = 94.507, p < 0.001

3.6. Main Analyses: ASD vs. ADHD+ASD Comparison

On the contrary, comparing ASD to ADHD+ASD resulted in a significant effect,
Z = 3.648, p < 0.001, d = 0.22 (SE = 0.06, CI = [0.101, 0.335]), meaning that, in neuropsy-
chological tests, the ASD group generally performed more effectively than the double
diagnosis group, with an effect size of small magnitude. The heterogeneity statistic was
significant, Q(36) = 53.456, p = 0.031.

3.7. Moderation Analyses

Moderation analyses have been carried out to assess where the different variables
could affect the comparison between groups. IQ difference, age difference, and sex distri-
bution difference were the continuous variables taken into account for what concerned
neuropsychological test results; IQ difference was a significant moderator between ADHD
and ASD (Z = 3.445, p < 0.001) and age difference between TD and both ADHD (Z = 3.915,
p < 0.001) and ASD (Z = 3.757, p < 0.001). The medication (washout vs. non-washout)
and type of publication (published vs. dissertation), our categorical moderators for the
neuropsychological test results, did not show any significant effect.

The same continuous variables were considered in assessing the questionnaire results:
IQ difference was a significant moderator between TD and ADHD (Z = 11.44, p < 0.001) and
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sex distribution difference again between TD and ADHD (Z = −2.129, p = 0.033). Medication
(washout vs. non-washout) and rater (parent vs. teacher vs. children) were the two
categorical moderators taken into account for the questionnaire results. Rater moderated
the strength of the EF differences in all three contrasts: ADHD vs. ASD (Q(19) = 21.059,
p < 0.001), TD vs. ADHD (Q(19) = 26.309, p < 0.001), and TD vs. ASD (Q(19) = 17.111,
p < 0.001).

Information about moderation analyses can be retrieved in the Supplementary Materi-
als, containing all the categorical and continuous moderators assessed for each contrast.

4. Discussion

The current meta-analysis was undertaken with the aim of comparing the EF profiles
of two clinical groups, ADHD and ASD, in relation to a control group of individuals with
typical development and to understand whether the EF performance could change the
type of measure used to assess EF (performance tests vs. questionnaires). To address these
purposes, we collected data from different studies that had to comply with specific selection
criteria, leading us to select 36 final studies included in the meta-analysis.

Our first aim was to compare the overall EF profile between two clinical groups
(ADHD and ASD) and a control group of TD children. We expected an overall finer EF
performance in the TD group compared to the two clinical groups. As we hypothesized,
ADHD and ASD both had impaired EF profiles compared to the TD group, with effect
sizes of large magnitude (d = 0.73 and d = 0.64). This finding is consistent with the results
obtained in previous studies, i.e., ADHD and ASD are clinical conditions characterized
by a weakness in the EF domain [8]. The direct comparison between ADHD and ASD
led to interesting findings: ADHD and ASD showed minimal differences in their EF
when they were assessed through neuropsychological tests and questionnaires together
(d = −0.03). The same conclusion was drawn by Townes and colleagues (2023): as shown
by neuropsychological tests and questionnaires, children and adolescents with ASD and
ADHD have similar EF profiles [27].

Secondly, we aimed to search for possible differences within the single EF components
by comparing the ADHD group and the ASD group (according to the literature, ASD would
be associated with a higher impairment in the flexibility domain whereas ADHD would be
associated with a higher impairment in the inhibition domain). In order to investigate this
research question, we first needed to understand whether the EF profile of these disorders
would vary according to the instruments used to assess it since the differentiation within
the single EF components is more appropriate considering the neuropsychological tests
rather than questionnaires; therefore, we used “type of instrument” as a moderator to
investigate its influence: a partly different perspective emerged when we divided the
analyses according to the type of instruments used to evaluate EF, since this moderator
showed a significant p-value in the first three contrasts, meaning that the differences in EF
varied based on the type of instruments used.

This finding is connected to the third aim of the study: understanding whether dif-
ferences in the overall EF performance changed depending on the type of assessment
measures, i.e., performance-based neuropsychological tests to assess the efficiency of high-
order cognitive processes vs. questionnaires to assess success in goal pursuit; to address
this question, we carried out two distinct analyses, since, as mentioned above, these instru-
ments do not assess the same construct. According to the literature, neuropsychological
tests and questionnaires assessed different domains and therefore were associated with
different results; particularly, questionnaires were overall associated with a bigger effect
size, reflecting a greater impairment in the EF of ADHD children (compared both to TD
and ASD children). Considering the results of the analyses that we ran, the comparison
between the TD group and the two clinical groups confirmed the trend previously shown:
ADHD and ASD showed lower performance than TD both in neuropsychological tests and
in questionnaires, although the magnitude of the EF difference was much bigger when the
instruments used were questionnaires (d(TD vs. ADHD) = 1.76, d(TD vs. ASD) = 1.34) compared
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to the tests (d(TD vs. ADHD) = 0.54, d(TD vs. ASD) = 0.51). However, the most interesting find-
ing emerged when the EF performance of ADHD and ASD was compared separately for
neuropsychological tests and questionnaires.

When the EF of ADHD and ASD were assessed through neuropsychological tests,
our results showed no major differences between them (d = 0.02), confirming that their
EF profiles are very similar when assessed through performance-based measures such as
neuropsychological tests. This finding was in line with what Rommelse and colleagues
(2011) stated in their review about endophenotypes common in Autism and ADHD [9].
They concluded that individuals with ADHD and ASD “are more alike in their EF diffi-
culties than they are different” [9] (p. 1377). Our results support this finding. Both the
global EF performance and the singular EF domains (inhibition, flexibility, visuospatial
WM, verbal WM, planning, and problem solving) did not reach a significant p-value. Their
effect sizes were all equally small in magnitude, except for the domain of verbal WM (ad-
dressed only by 2 of the 36 studies considered). The effect size related to this domain was
of medium magnitude but it still did not reach a significant p-value (d = −0.129; d = 0.164;
d = 0.183; d = −0.48 d = 0.18; and d = 0.268). We decided to investigate the moderator
regarding the specific EF domain only in neuropsychological tests, as the categorization
of EF in different sub-components seems to adapt better to these kinds of instruments
rather than questionnaires. Neuropsychological tests, indeed, tap cognitive functioning
in a specific setting, while questionnaires capture important, ecologically valid behavioral
variations in everyday life. The lack of differentiation within EF sub-components between
the two disorders clarifies our second research aim and disconfirms our hypothesis that
ADHD would have shown a greater impairment in the inhibition domain while ASD
would have shown a greater difficulty in the flexibility domain. This analysis, in fact,
showed no endophenotypic differences within the single EF-domains between ADHD
and ASD. Thus, the result from our meta-analysis does not confirm research lines that see
the two disorders as dissociable, with ASD being more associated with impairments in
planning and flexibility while ADHD is more compromised in the inhibition and verbal
WM domains [26]. The construct of “dissociation”, however, is challenging to apply to the
field of developmental neuropsychology because, in a developing brain, it is hard to find
wholly preserved or completely impaired domains. Indeed, the cognitive specialization of
the brain into separate subsystems seems to emerge later [67].

The lack of difference in EF between ASD and ADHD in our meta-analysis was limited
to the neuropsychological tests. In fact, when their EF was assessed through questionnaires,
the comparison showed that ADHD obtained higher ratings than ASD with an effect
size of small magnitude (d = −0.34). Therefore, our meta-analysis shows that, when
assessed through questionnaires, ADHD appears to be characterized by a greater executive
impairment than ASD, a weakness that would be captured only by those instruments that
assess daily life situations. These results help us to clarify the research question regarding
the differences between neuropsychological tests and questionnaires. It made clear that the
EF differences between the groups were heightened when the instruments used to assess
them were questionnaires. Regardless of the contrast, the effect sizes were much bigger
when the measures were questionnaires instead of neuropsychological tests.

The difference between EF tests and questionnaires is not a novelty: Barkley and
Murphy (2010) [68] proved that neuropsychological tests of EF were not very predictive of
the occupational impairment experienced every day by people with ADHD, as they showed
weak relationships with measures of occupational impairment, while EF-questionnaires
were strongly predictive of the occupational-impairment measures mentioned above, man-
aging to capture daily life activities and daily life difficulties experienced by people with
ADHD. It can be assumed that indirect measures of EF (e.g., reports, scales, and question-
naires) consist of more ecological tasks, based on more naturalistic settings and therefore
on more representative environmental conditions. This could be the reason they seem more
able to capture differences in the EF performance in daily life, whereas neuropsychological
EF tests could fail to discriminate between neurodevelopmental disorders (in this case
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ADHD and ASD), as they show a weak correlation to daily life difficulties. This concept
is consistent with the results of Gardiner and colleagues’ study (2017) [69], where they
evaluated EF of ASD and TD using both neuropsychological tests and questionnaires. They
found no difference in EF using neuropsychological tests, whereas using a parent-form
questionnaire, they found a significant difference between the two groups, with ASD being
associated with higher ratings and greater executive impairment in daily life. They con-
clude that this difference was due to the fact that questionnaires assess someone’s ability
to “manage their day-to-day EF-related behavior” [69] (p. 1). Instead, neuropsychological
tests assess children’s performance under specific and optimal circumstances, requiring
the children to do their best. Other studies before had found little or no correlation be-
tween EF questionnaires (mostly BRIEF) and EF tests, leading to the conclusion that EF
questionnaires and neuropsychological tests may catch two different constructs of EF [20].
Doebel (2020) also distinguishes between neuropsychological tests and questionnaires but
states that performance-based evaluations and rating scales may not assess two different
constructs; they rather examine a behavioral control exercised in different ways and in
different environments that activate different types of beliefs and values [70]. It can be
concluded that, although both tests and questionnaires are important and valid measures
of EF, the results suggest that the questionnaires seem more capable of capturing daily life
impairment in the EF domain. Therefore, this can be useful to discriminate the functioning
between different clinical conditions.

Finally, an additional goal was to investigate the EF profile of the double-diagnosis
group (ADHD+ASD). Given the small number of studies in the current literature that
investigate the EF profile of the double-diagnosis group, we tried to clarify the performance
of ADHD+ASD compared to the single-diagnosis groups. This, however, could be per-
formed only for the neuropsychological tests, as we found only one study focusing on the
EF performance of ADHD+ASD through questionnaires. The comparison between the
double diagnosis group and the clinical groups pointed out that, when assessed through
neuropsychological tests, the EF profile of ADHD+ASD is more similar to the EF pro-
file of ADHD-alone while it shows a poorer performance than ASD-alone. This finding
supports other research lines [9,26], stating that, considering the EF domain, ADHD and
ADHD+ASD share several commonalities, not only on the behavioral level but also on the
neuro-functional level. For instance, the double-diagnosis group shows abnormalities in
the basal ganglia, present in ADHD alone but not in ASD alone [71]. As stated above, how-
ever, too few studies have focused on the comparison of EF between the double-diagnosis
group and the single-diagnosis groups (especially ASD-alone), in fact, we were able to find
only 11 articles that included a group with comorbid ADHD and ASD; therefore, further
investigation and studies are needed in order to draw stronger conclusions.

Given the high and significant heterogeneity we found across all contrasts, we carried
out moderation analyses, trying to understand the influences of other potential factors.
Considering neuropsychological tests, the exploration of moderators pointed out that IQ
difference was a significant moderator between ADHD and ASD, whereas age difference
moderated the strength of the EF difference between TD and both ADHD and ASD. The
first finding led us to recognize that when the IQ difference between ADHD and ASD was
wider (i.e., when ADHD had a higher IQ than ASD), the difference in EF also increased
between the two groups. As we said before, it is known that the construct of IQ is related
to the construct of EF and previous research has hypothesized that an average or a high IQ
could attenuate EF difficulties in clinical samples [23,72]. It is also known that, contrary to
ASD samples, ADHD samples are not generally associated with low IQs [73]. Therefore, it is
possible that, although in our meta-analysis no significant IQ differences emerged between
ADHD and ASD, ADHD was characterized by slightly higher IQs than ASD samples
and this aspect may have influenced the results. The age difference was a significant
moderator in the second and third contrasts, meaning that, when the age gap was wider
(i.e., when TD samples were older than both ADHD and ASD), EF impairment in ADHD
and ASD became more evident. This finding is consistent with previous studies [74,75]:
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Van Eylen and colleagues [75] found that both age and IQ had significant effects on EF
performance in a sample of children with ASD vs. typical development, with older children
showing better performances than younger children. They also pointed out that this
correlation between age and EF was true only considering the neuropsychological tests
and not when considering BRIEF scores. This is in line with what we found when we
carried out questionnaire analyses: the age difference was not a significant moderator for
any of the contrasts considered. Regarding the moderation analyses of questionnaires, IQ
difference resulted as a significant moderator in TD vs. ADHD contrast. Within informant
measures, children and adolescents with lower IQs had greater EF problems in everyday
life. In this contrast, the sex distribution difference was also a significant moderator so
that when TD had a bigger number of females, differences in EF ratings diminished.
An interesting finding emerged concerning the kind of rater involved in evaluating the
children/adolescents. When the raters were the children, the strength of the effect size in
the comparisons of clinical groups with the TD group was equal (dTD vs. ADHD = 0.76 and
dTD vs. ASD = 0.768), meaning that when the rater was a child/adolescent with ADHD, their
own perception of their EF difficulties in everyday life was basically the same perception
experienced by a subject with ASD. Indeed, the effect size associated with the comparison
of the two clinical groups was low (d = 0.017). Different impressions, however, emerged
when the rater was an external respondent: compared to the TD group, both ADHD and
ASD were associated with the greatest executive impairment when the rater was a parent,
although ADHD was characterized by a bigger effect size (d = 2.191) than ASD (d = 1.831):
a possible explanation of these different ratings is that parents of children and adolescents
with ASD may tend to give them less autonomy than parents of children with ADHD and
this could lead to a minor perception of their executive difficulties.

Considering the third comparison between the two clinical groups, the biggest effect
size was not associated with the parents’ report anymore: in this case, the greatest executive
impairment was experienced by the teachers, who rated the EF-related behaviors of children
with ADHD higher than those of children with ASD. This result could be explained by the
fact that EF problems may especially affect and invalidate a school environment where
the children/adolescents spend much of their time. For this reason, EF difficulties can
become particularly evident to teachers, whose work can be more affected by problematic
behaviors such as a child’s inability to sit quietly at their own desk, a child’s inability to
plan their school activities properly, difficulty in time management, a child’s inability to do
their homework within time limits, etc., features characterizing more children with ADHD
than with ASD [3,76,77] (especially when individuals with ASD have an IQ ≥ 70, like in
our samples).

5. Conclusions

The aim of the present meta-analysis was to shed more light on the difference in EF
profiles of two neurodevelopmental conditions, ASD and ADHD, which the literature
previously shows as typically characterized by EF impairments. This paper, examining
36 studies, offers different analyses, comparing ADHD vs. TD, ASD vs. TD, ADHD vs.
ASD, ADHD vs. ADHD+ASD, and ASD vs. ADHD+ASD. Moreover, for the first three
analyses, the difference between the types of instruments used (neuropsychological tests
vs. questionnaires) was taken into account. Both ADHD and ASD display EF impairments
when compared to the TD group, particularly when assessed through questionnaires. The
comparison between ADHD vs. ASD points out that these two disorders show equivalent
EF impairments, with no differences within the single EF domains, only when neuropsy-
chological tests were considered. Instead, when assessed through questionnaires, ADHD
appears to be characterized by a greater executive difficulty than ASD: EF-questionnaires
seem to be more predictive of everyday life EF impairments. The comparison between the
double diagnosis group (ADHD+ASD) and the clinical groups pointed out that the former
has a more similar EF profile to ADHD-alone and that it shows poorer performance than
ASD-alone.



Children 2024, 11, 473 15 of 19

6. Limits of the Study and Future Directions

Some limitations must be taken into account: firstly, we did not separate analyses
for the three clinical manifestations of ADHD (ADHD-I; ADHD-H; and ADHD-C), as we
considered just one global group in which we included the different clinical manifestations;
this may have contributed to creating heterogeneity.

Another limitation can be found in the intrinsic multidimensionality and complexity
of EF and in the large variety of instruments (especially neuropsychological tests) used to
capture the construct. We are aware that there are different types of inhibition, comprising
response inhibition and interference control [78] but we did not separate the analyses and
we treated them as a unitary construct that converged within the “inhibition” component.
The same can be said for the instruments used: we based our instruments’ classification on
the scientific literature [2,79] in order to clarify which instrument assesses which component
but we are aware of the “task impurity problem”, a phenomenon in which one task assesses
various EF components beyond the one it aims to evaluate (for example, WCST is sometimes
considered a general EF task, requiring WM too and not only cognitive flexibility; Stroop
test has been used as a measure of WM other than of inhibition [14]). All these factors can
explain the high heterogeneity we found across all contrast, a limitation that the reader
should be aware of in order to interpret our results more cautiously.

A third limitation regards the absence of investigation of the socioeconomic status (SES)
as a possible moderator; the scientific literature has proved that a relationship between SES
and EF exists so that lower SES is generally associated with poorer EF performances [33].
However, the impossibility of exploring this potential moderator was caused by the diffi-
culty of retrieving detailed information about the SES of the samples, especially in older
studies, and by the heterogeneity of measures used to assess and represent the SES (parents’
educational level, income, etc.). Further analyses are needed to explore the potential role of
this moderator and the influences that it may have on the results. The same can be said
about the description of cultural and linguistic factors that we have not considered and
about medication use: six studies gave no information at all and we are aware that this
may have affected the interpretation of results.

A final limit is that we found fewer studies assessing EF through questionnaires
than those that assessed them through neuropsychological tests. Hopefully, research will
address this topic in the future, allowing it to shed light on the EF profile of clinical groups
with an exhaustive evaluation that includes both performance-based and report-based
measures. In addition to this purpose, future studies should focus on the comparison
between clinical groups through questionnaires with a factorial structure (such as BRIEF)
in order to understand where these EF differences lie, reflecting higher impairments in the
emotional, behavioral, or cognitive aspects of the EF.

Our study suggests some clinical implications: first, EF, as indexed by performance-
based measures and questionnaires, looks somewhat different for children with ADHD
vs. those with ASD and consequently indirect measures (questionnaires, rating scales, etc.)
seem able to catch differential features of the EF between ASD and ADHD, aspects that
could be more blurred and less evident with the assessment of EF through performance-
based tasks. The difficulties caused by an EF impairment may in fact be more obvious
in real-world settings, directly investigated using questionnaires, whereas experimental
settings (the ones in which neuropsychological tests are used) are characterized by a rigid
structure, with clearer rules and less frequent unexpected events, aspects that could lead to
a finer EF performance and consequently to the lack of differentiation of the performance
of two neurodevelopmental disorders both characterized by an EF weakness.

A clinical implication considering these results is that, in order to obtain an assess-
ment as comprehensive, detailed, and grounded in daily-life difficulties as possible, both
measures (i.e., neuropsychological tests and questionnaires) should be used during the
evaluation. EF should not be used or considered as a clinical marker for either of the
two disorders, since both ADHD and ASD show EF impairments. However, a report of
daily life EF difficulties, as captured by questionnaires, may be more able to describe the
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functioning of people with ADHD and consequently rating scales could help clinicians to
structure the most appropriate intervention. This means that, if one were to choose, for
instance lacking time or economic resources, he should opt to use questionnaires instead of
neuropsychological tests; the latter could be less useful to promptly provide an extensive
assessment of daily-life difficulties. Also, this evidence reminds clinicians to include ques-
tionnaires in their everyday practice, since they provide a quick and helpful understanding
of children’s EF.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/children11040473/s1, Figure S1. Funnel plot ADHD vs. ADHD+ASD;
Figure S2. Funnel plot ASD vs. ADHD+ASD; Table S1. Summary of details of the included studies—
neuropsychological test; Table S2. Summary of details of the included studies—questionnaires; Table S3.
Descriptive Statistics of the comorbidity group (ADHD+ASD); Table S4. Results of the standardized
differences between ASD, ADHD, and ADHD+ASD; Table S5. Results of continuous moderators;
Table S6. Results of categorical moderators.
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Appendix A

Search String: ((autism) OR (autism spectrum disorders) OR (Asperger) OR (ASD)
OR (pervasive development disorders)) AND ((ADHD) OR (attention deficit hyperactivity
disorder) OR (attention deficit/hyperactivity disorder)) AND ((executive function*) OR
(EF) OR (inhibition) OR (inhibitory control) OR (interference control) OR (self-regulation)
OR (effortful control) OR (focused attention) OR (selective attention) OR (planning) OR
(flexibility) OR (shifting) OR (working memory) OR (updating) OR (problem solving)).

References
1. Craig, F.; Margari, F.; Legrottaglie, A.R.; Palumbi, R.; De Giambattista, C.; Margari, L. A review of executive function deficits in

autism spectrum disorder and attention-deficit/hyperactivity disorder. Neuropsychiatr. Dis. Treat. 2016, 12, 1191–1202. [CrossRef]
[PubMed]

2. Diamond, A. Executive functions. Annu. Rev. Psychol. 2013, 64, 135–168. [CrossRef] [PubMed]
3. American Psychiatric Association. Diagnostic and Statistical Manual of Mental Disorders: DSM-5, 5th ed.; American Psychiatric

Association: Arlington, VA, USA, 2013.
4. Korkman, M.; Kirk, U.; Kemp, S. NEPSY: A Developmental Neuropsychological Assessment Manual; The Psychological Corporation:

San Antonio, TX, USA, 1998.
5. Atkinson, G.S. Executive Function Tests: The Power to Predict ADHD? Validity of the NESPY Executive Function/Attention

index (Order No. 3101669). Available online: https://digitalcommons.lib.uconn.edu/dissertations/AAI3101669 (accessed on 11
October 2022).

6. Nigg, J.T.; Willcutt, E.G.; Doyle, A.; Sonuga-Barke, E.J. Causal heterogeneity in attention-deficit/hyperactivity disorder: Do we
need neuropsychologically impaired subtypes? Biol. Psychiatry 2005, 57, 1224–1230. [CrossRef] [PubMed]

7. Sonuga-Barke, E.J.S. Causal models of ADHD: From common simple deficits to multiple developmental pathways. Biol. Psychiatry
2005, 57, 1231–1238. [CrossRef] [PubMed]

8. Hill, E.L. Executive dysfunction in autism. Trends Cogn. Sci. 2004, 8, 26–32. [CrossRef] [PubMed]

https://www.mdpi.com/article/10.3390/children11040473/s1
https://www.mdpi.com/article/10.3390/children11040473/s1
https://osf.io/6wugn/?view_only=46270f6337fa46b984b891bfc4c99138
https://doi.org/10.2147/NDT.S104620
https://www.ncbi.nlm.nih.gov/pubmed/27274255
https://doi.org/10.1146/annurev-psych-113011-143750
https://www.ncbi.nlm.nih.gov/pubmed/23020641
https://digitalcommons.lib.uconn.edu/dissertations/AAI3101669
https://doi.org/10.1016/j.biopsych.2004.08.025
https://www.ncbi.nlm.nih.gov/pubmed/15949992
https://doi.org/10.1016/j.biopsych.2004.09.008
https://www.ncbi.nlm.nih.gov/pubmed/15949993
https://doi.org/10.1016/j.tics.2003.11.003
https://www.ncbi.nlm.nih.gov/pubmed/14697400


Children 2024, 11, 473 17 of 19

9. Rommelse, N.; Geurts, H.; Franke, B.; Buitelaar, J.; Hartman, C. A review on cognitive and brain endophenotypes that may be
common in autism spectrum disorder and attention-deficit/hyperactivity disorder and facilitate the search for pleiotropic genes.
Neurosci. Biobehav. Rev. 2011, 35, 1363–1396. [CrossRef] [PubMed]

10. Geurts, H.M.; Broeders, M.; Nieuwland, M.S. Thinking outside the executive functions box: Theory of mind and pragmatic
abilities in attention deficit/hyperactivity disorder. Eur. J. Dev. Psychol. 2010, 7, 135–151. [CrossRef]

11. American Psychiatric Association. DSM-IV-TR. Diagnostic and Statistical Manual of Mental Disorders, 4th ed.; Text Revision;
American Psychiatric Publishing, Inc.: Washington, DC, USA, 2000.

12. Hours, C.; Recasens, C.; Baleyte, J.M. ASD and ADHD Comorbidity: What Are We Talking About? Front. Psychiatry 2022,
13, 837424. [CrossRef] [PubMed]

13. Carter Leno, V.; Chandler, S.; White, P.; Pickles, A.; Baird, G.; Hobson, C.; Smith, A.B.; Charman, T.; Rubia, K.; Simonoff, E.; et al.
Testing the specificity of executive functioning impairments in adolescents with ADHD, ODD/CD and ASD. Eur. Child Adolesc.
Psychiatry 2018, 27, 899–908. [CrossRef] [PubMed]

14. Bagetta, P.; Alexander, P.A. Conceptualization and operationalization of executive function. Mind, Brain and Education. Off. J.
Int. Mind Brain Educ. Soc. 2016, 10, 10–33. [CrossRef]

15. Miyake, A.; Friedman, N.P.; Emerson, M.J.; Witzki, A.H.; Howerter, A. The unity and diversity of executive functions and their
contributions to complex “frontal lobe” tasks: A latent variable analysis. Cogn. Psychol. 2000, 41, 49–100. [CrossRef] [PubMed]

16. Collins, A.; Koechlin, E. Reasoning, learning, and creativity: Frontal lobe function and human decision-making. PLoS Biol. 2012,
10, e1001293. [CrossRef] [PubMed]

17. Poon, K. Hot and Cool Executive Functions in Adolescence: Development and Contributions to Important Developmental
Outcomes. Front. Psychol. 2018, 8, 2311. [CrossRef] [PubMed]

18. Castellanos, F.X.; Sonuga-Barke, E.; Milham, M.P.; Tannock, R. Characterizing cognition in ADHD: Beyond executive dysfunction.
Trends Cogn. Sci. 2006, 10, 117–123. [CrossRef] [PubMed]

19. Eisenberg, N.; Hofer, J.; Vaughan, C. Effortful control and its socioemotional consequences. In Handbook of Emotion Regulation;
Gross, J.J., Ed.; Guilford: New York, NY, USA, 2007; pp. 287–306.

20. Toplak, M.E.; West, R.F.; Stanovich, K.E. Do performance-based measures and ratings of executive function assess the same
construct? J. Child Psychol. Psychiatry 2013, 54, 131–143. [CrossRef] [PubMed]

21. Goldberg, M.C.; Mostofsky, S.H.; Cutting, L.E.; Mahone, E.M.; Astor, B.C.; Denckla, M.B.; Landa, R.J. Subtle executive impairment
in children with autism and children with ADHD. J. Autism Dev. Disord. 2005, 35, 279–293. [CrossRef] [PubMed]

22. Mahone, E.M.; Powell, S.K.; Loftis, C.W.; Goldberg, M.C.; Denckla, M.B.; Mostofsky, S.H. Motor persistence and inhibition in
autism and ADHD. J. Int. Neuropsychol. Soc. JINS 2006, 12, 622–631. [CrossRef] [PubMed]

23. Barkley, R.A. Behavioral inhibition, sustained attention, and executive function: Constructing a unified theory of ADHD. Psychol.
Bull. 1997, 121, 65–94. [CrossRef] [PubMed]

24. Christ, S.E.; Kanne, S.M.; Reiersen, A.M. Executive function in individuals with subthreshold autism traits. Neuropsychology 2010,
24, 590–598. [CrossRef] [PubMed]

25. Happé, F.; Booth, R.; Charlton, R.; Highes, C. Executive function deficits in autism spectrum disorders and attention-
deficit/hyperactivity disorder: Examining profiles across domains and ages. Brain Cogn. 2006, 61, 25–39. [CrossRef]
[PubMed]

26. Neely, R.J.; Green, J.L.; Sciberras, E.; Hazell, P.; Anderson, V. Relationship between Executive Functioning and Symptoms of
Attention-Deficit/Hyperactivity Disorder and Autism Spectrum Disorder in 6–8 Year Old Children. J. Autism Dev. Disord. 2016,
46, 3270–3280. [CrossRef] [PubMed]

27. Townes, P.; Liu, C.; Panesar, P.; Devoe, D.; Lee, S.Y.; Taylor, G.; Arnold, P.D.; Crosbie, J.; Schachar, R. Do ASD and ADHD have
distinct executive function deficits? A systematic review and meta-analysis of direct comparison studies. J. Atten. Disord. 2023, 27,
1571–1582. [CrossRef] [PubMed]

28. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G. Preferred reporting items for systematic reviews and meta-analyses: The PRISMA
statement. Ann. Intern. Med. 2009, 151, 264–269. [CrossRef] [PubMed]

29. Gioia, G.; Isquith, P.K.; Guy, S.C.; Kenworthy, L. Reviewed by Baron, I.S. “Test Review: Behavior Rating Inventory of Executive
Function”. Child Neuropsychol. 2000, 6, 235–238. [CrossRef] [PubMed]

30. Ellis, L.K.; Rothbart, M.K. Revision of the early adolescent temperament questionnaire. In Proceedings of the 2001 Biennial
Meeting of the Society for Research in Child Development, Minneapolis, MN, USA, 19–22 April 2001.

31. Derryberry, D.; Reed, M.A. Anxiety-related attentional biases and their regulation by attentional control. J. Abnorm. Psychol. 2002,
111, 225–236. [CrossRef]

32. Hedges, L.V.; Olkin, I. Statistical Methods for Meta-Analysis; Academic Press: Orlando, FL, USA, 1985.
33. Khoury, J.E.; Milligan, K. Comparing executive functioning in children and adolescents with fetal alcohol spectrum disorders and

ADHD: A meta-analysis. J. Atten. Disord. 2019, 23, 1801–1815. [CrossRef] [PubMed]
34. Borenstein, M.; Hedges, L.; Higgins, J.; Rothstein, H. Introduction to Meta-Analysis; Wiley: Chichester, UK, 2009.
35. Rothstein, H.R.; Sutton, A.J.; Borenstein, M. Publication bias in meta-analysis. In Publication Bias in Meta-Analysis: Prevention,

Assessment and Adjustments; Wiley: Chichester, UK, 2005; pp. 1–7.
36. Corbett, B.A.; Constantine, L.J.; Hendren, R.; Rocke, D.; Ozonoff, S. Examining executive functioning in children with autism

spectrum disorder, attention deficit hyperactivity disorder and typical development. Psychiatry Res. 2009, 166, 210–222. [CrossRef]

https://doi.org/10.1016/j.neubiorev.2011.02.015
https://www.ncbi.nlm.nih.gov/pubmed/21382410
https://doi.org/10.1080/17405620902906965
https://doi.org/10.3389/fpsyt.2022.837424
https://www.ncbi.nlm.nih.gov/pubmed/35295773
https://doi.org/10.1007/s00787-017-1089-5
https://www.ncbi.nlm.nih.gov/pubmed/29224173
https://doi.org/10.1111/mbe.12100
https://doi.org/10.1006/cogp.1999.0734
https://www.ncbi.nlm.nih.gov/pubmed/10945922
https://doi.org/10.1371/journal.pbio.1001293
https://www.ncbi.nlm.nih.gov/pubmed/22479152
https://doi.org/10.3389/fpsyg.2017.02311
https://www.ncbi.nlm.nih.gov/pubmed/29367850
https://doi.org/10.1016/j.tics.2006.01.011
https://www.ncbi.nlm.nih.gov/pubmed/16460990
https://doi.org/10.1111/jcpp.12001
https://www.ncbi.nlm.nih.gov/pubmed/23057693
https://doi.org/10.1007/s10803-005-3291-4
https://www.ncbi.nlm.nih.gov/pubmed/16119469
https://doi.org/10.1017/S1355617706060814
https://www.ncbi.nlm.nih.gov/pubmed/16961943
https://doi.org/10.1037/0033-2909.121.1.65
https://www.ncbi.nlm.nih.gov/pubmed/9000892
https://doi.org/10.1037/a0019176
https://www.ncbi.nlm.nih.gov/pubmed/20804247
https://doi.org/10.1016/j.bandc.2006.03.004
https://www.ncbi.nlm.nih.gov/pubmed/16682102
https://doi.org/10.1007/s10803-016-2874-6
https://www.ncbi.nlm.nih.gov/pubmed/27444498
https://doi.org/10.1177/10870547231190494
https://www.ncbi.nlm.nih.gov/pubmed/37565325
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://www.ncbi.nlm.nih.gov/pubmed/19622511
https://doi.org/10.1076/chin.6.3.235.3152
https://www.ncbi.nlm.nih.gov/pubmed/11419452
https://doi.org/10.1037/0021-843X.111.2.225
https://doi.org/10.1177/1087054715622016
https://www.ncbi.nlm.nih.gov/pubmed/26729621
https://doi.org/10.1016/j.psychres.2008.02.005


Children 2024, 11, 473 18 of 19

37. Boxhoorn, S.; Lopez, E.; Schmidt, C.; Schulze, D.; Hänig, S.; Freitag, C.M. Attention profiles in autism spectrum disorder and
subtypes of attention-deficit/hyperactivity disorder. Eur. Child Adolesc. Psychiatry 2018, 27, 1433–1447. [CrossRef] [PubMed]

38. Li, G.; Jiang, W.; Du, Y.; Rossbach, K. Intelligence profiles of Chinese school-aged boys with high-functioning ASD and ADHD.
Neuropsychiatr. Dis. Treat. 2017, 13, 1541–1549. [CrossRef] [PubMed]

39. Geurts, H.M.; Verté, S.; Oosterlaan, J.; Roeyers, H.; Sergeant, J.A. How specific are executive functioning deficits in attention
deficit hyperactivity disorder and autism? J. Child Psychol. Psychiatry Allied Discip. 2004, 45, 836–854. [CrossRef] [PubMed]

40. Gomarus, H.K.; Wijers, A.A.; Minderaa, R.B.; Althaus, M. ERP correlates of selective attention and working memory capacities
in children with ADHD and/or PDD-NOS. Clin. Neurophysiol. Off. J. Int. Fed. Clin. Neurophysiol. 2009, 120, 60–72. [CrossRef]
[PubMed]

41. Hutchison, L.; Feder, M.; Abar, B.; Winsler, A. Relations between parenting stress, parenting style, and child executive functioning
for children with ADHD or autism. J. Child Fam. Stud. 2016, 25, 3644–3656. [CrossRef]

42. Hwang-Gu, S.L.; Lin, H.Y.; Chen, Y.C.; Tseng, Y.H.; Hsu, W.Y.; Chou, M.C.; Chou, W.J.; Wu, Y.Y.; Gau, S.S. Symptoms of ADHD
Affect Intrasubject Variability in Youths with Autism Spectrum Disorder: An Ex-Gaussian Analysis. J. Clin. Child Adolesc. Psychol.
2019, 48, 455–468. [CrossRef] [PubMed]

43. Johnson, K.A.; Robertson, I.H.; Kelly, S.P.; Silk, T.J.; Barry, E.; Dáibhis, A.; Watchorn, A.; Keavey, M.; Fitzgerald, M.; Gallagher,
L.; et al. Dissociation in performance of children with ADHD and high-functioning autism on a task of sustained attention.
Neuropsychologia 2007, 45, 2234–2245. [CrossRef] [PubMed]

44. Matsuura, N.; Ishitobi, M.; Arai, S.; Kawamura, K.; Asano, M.; Inohara, K.; Narimoto, T.; Wada, Y.; Hiratani, M.; Kosaka, H.
Distinguishing between autism spectrum disorder and attention deficit hyperactivity disorder by using behavioral checklists,
cognitive assessments, and neuropsychological test battery. Asian J. Psychiatry 2014, 12, 50–57. [CrossRef]

45. Nydén, A.; Gillberg, C.; Hjelmquist, E.; Heiman, M. Executive Function/Attention Deficits in Boys with Asperger Syndrome,
Attention Disorder and Reading/Writing Disorder. Autism Int. J. Res. Pract. 1999, 3, 213–228. [CrossRef]

46. Ozonoff, S.; Jensen, J. Brief report: Specific executive function profiles in three neurodevelopmental disorders. J. Autism Dev.
Disord. 1999, 29, 171–177. [CrossRef] [PubMed]

47. Karalunas, S.L.; Hawkey, E.; Gustafsson, H.; Miller, M.; Langhorst, M.; Cordova, M.; Fair, D.; Nigg, J.T. Overlapping and Distinct
Cognitive Impairments in Attention-Deficit/Hyperactivity and Autism Spectrum Disorder without Intellectual Disability. J.
Abnorm. Child Psychol. 2018, 46, 1705–1716. [CrossRef] [PubMed]

48. Pitzianti, M.; D’Agati, E.; Pontis, M.; Baratta, A.; Casarelli, L.; Spiridigliozzi, S.; Curatolo, P.; Pasini, A. Comorbidity of ADHD
and High-functioning Autism: A Pilot Study on the Utility of the Overflow Movements Measure. J. Psychiatr. Pract. 2016, 22,
22–30. [CrossRef] [PubMed]

49. Salunkhe, G.; Weissbrodt, K.; Feige, B.; Saville, C.; Berger, A.; Dundon, N.M.; Bender, S.; Smyrnis, N.; Beauducel, A.; Biscaldi,
M.; et al. Examining the Overlap Between ADHD and Autism Spectrum Disorder (ASD) Using Candidate Endophenotypes of
ADHD. J. Atten. Disord. 2021, 25, 217–232. [CrossRef] [PubMed]

50. Samyn, V.; Roeyers, H.; Bijttebier, P.; Rosseel, Y.; Wiersema, J.R. Assessing effortful control in typical and atypical development:
Are questionnaires and neuropsychological measures interchangeable? A latent-variable analysis. Res. Dev. Disabil. 2015, 36C,
587–599. [CrossRef] [PubMed]

51. Samyn, V.; Roeyers, H.; Bijttebier, P.; Wiersema, J.R. Attentional Networks in Boys with ADHD or Autism Spectrum Disorder and
the Relationship With Effortful Control. J. Atten. Disord. 2017, 21, 228–239. [CrossRef] [PubMed]

52. Semrud-Clikeman, M.; Walkowiak, J.; Wilkinson, A.; Butcher, B. Executive functioning in children with Asperger syndrome,
ADHD-combined type, ADHD-predominately inattentive type, and controls. J. Autism Dev. Disord. 2010, 40, 1017–1027.
[CrossRef] [PubMed]

53. Semrud-Clikeman, M.; Walkowiak, J.; Wilkinson, A.; Christopher, G. Neuropsychological differences among children with
Asperger syndrome, nonverbal learning disabilities, attention deficit disorder, and controls. Dev. Neuropsychol. 2010, 35, 582–600.
[CrossRef] [PubMed]

54. Sinzig, J.; Bruning, N.; Morsch, D.; Lehmkuhl, G. Attention profiles in autistic children with and without comorbid hyperactivity
and attention problems. Acta Neuropsychiatr. 2008, 20, 207–215. [CrossRef] [PubMed]

55. Sinzig, J.; Morsch, D.; Bruning, N.; Schmidt, M.H.; Lehmkuhl, G. Inhibition, flexibility, working memory and planning in autism
spectrum disorders with andwithout comorbid ADHD-symptoms. Child Adolesc. Psychiatry Ment. Health 2008, 2, 4. [CrossRef]
[PubMed]

56. Tsuchiya, E.; Oki, J.; Yahara, N.; Fujieda, K. Computerized version of the Wisconsin card sorting test in children with high-
functioning autistic disorder or attention-deficit/hyperactivity disorder. Brain Dev. 2005, 27, 233–236. [CrossRef] [PubMed]

57. Tye, C.; Asherson, P.; Ashwood, K.L.; Azadi, B.; Bolton, P.; McLoughlin, G. Attention and inhibition in children with ASD, ADHD
and co-morbid ASD + ADHD: An event-related potential study. Psychol. Med. 2014, 44, 1101–1116. [CrossRef] [PubMed]

58. Unterrainer, J.M.; Rauh, R.; Rahm, B.; Hardt, J.; Kaller, C.P.; Klein, C.; Paschke-Müller, M.; Biscaldi, M. Development of Planning
in Children with High-Functioning Autism Spectrum Disorders and/or Attention Deficit/Hyperactivity Disorder. Autism Res.
Off. J. Int. Soc. Autism Res. 2016, 9, 739–751. [CrossRef] [PubMed]

59. Unterrainer, J.M.; Rahm, B.; Loosli, S.V.; Rauh, R.; Schumacher, L.V.; Biscaldi, M.; Kaller, C.P. Psychometric analyses of the Tower
of London planning task reveal high reliability and feasibility in typically developing children and child patients with ASD and
ADHD. Child Neuropsychol. A J. Norm. Abnorm. Dev. Child. Adolesc. 2020, 26, 257–273. [CrossRef] [PubMed]

https://doi.org/10.1007/s00787-018-1138-8
https://www.ncbi.nlm.nih.gov/pubmed/29511887
https://doi.org/10.2147/NDT.S136477
https://www.ncbi.nlm.nih.gov/pubmed/28670123
https://doi.org/10.1111/j.1469-7610.2004.00276.x
https://www.ncbi.nlm.nih.gov/pubmed/15056314
https://doi.org/10.1016/j.clinph.2008.10.018
https://www.ncbi.nlm.nih.gov/pubmed/19056313
https://doi.org/10.1007/s10826-016-0518-2
https://doi.org/10.1080/15374416.2018.1452151
https://www.ncbi.nlm.nih.gov/pubmed/29847154
https://doi.org/10.1016/j.neuropsychologia.2007.02.019
https://www.ncbi.nlm.nih.gov/pubmed/17433378
https://doi.org/10.1016/j.ajp.2014.06.011
https://doi.org/10.1177/1362361399003003002
https://doi.org/10.1023/A:1023052913110
https://www.ncbi.nlm.nih.gov/pubmed/10382139
https://doi.org/10.1007/s10802-017-0394-2
https://www.ncbi.nlm.nih.gov/pubmed/29450820
https://doi.org/10.1097/PRA.0000000000000120
https://www.ncbi.nlm.nih.gov/pubmed/26813485
https://doi.org/10.1177/1087054718778114
https://www.ncbi.nlm.nih.gov/pubmed/29896994
https://doi.org/10.1016/j.ridd.2014.10.018
https://www.ncbi.nlm.nih.gov/pubmed/25462519
https://doi.org/10.1177/1087054712473183
https://www.ncbi.nlm.nih.gov/pubmed/23382577
https://doi.org/10.1007/s10803-010-0951-9
https://www.ncbi.nlm.nih.gov/pubmed/20140638
https://doi.org/10.1080/87565641.2010.494747
https://www.ncbi.nlm.nih.gov/pubmed/20721777
https://doi.org/10.1111/j.1601-5215.2008.00292.x
https://www.ncbi.nlm.nih.gov/pubmed/25385656
https://doi.org/10.1186/1753-2000-2-4
https://www.ncbi.nlm.nih.gov/pubmed/18237439
https://doi.org/10.1016/j.braindev.2004.06.008
https://www.ncbi.nlm.nih.gov/pubmed/15737707
https://doi.org/10.1017/S0033291713001049
https://www.ncbi.nlm.nih.gov/pubmed/23673307
https://doi.org/10.1002/aur.1574
https://www.ncbi.nlm.nih.gov/pubmed/26442805
https://doi.org/10.1080/09297049.2019.1642317
https://www.ncbi.nlm.nih.gov/pubmed/31331259


Children 2024, 11, 473 19 of 19

60. Verté, S.; Geurts, H.M.; Roeyers, H.; Oosterlaan, J.; Sergeant, J.A. The relationship of working memory, inhibition, and response
variability in child psychopathology. J. Neurosci. Methods 2006, 151, 5–14. [CrossRef] [PubMed]

61. Wang, Z.; Jing, J.; Igarashi, K.; Fan, L.; Yang, S.; Li, Y.; Jin, Y. Executive function predicts the visuospatial working memory in
autism spectrum disorder and attention-deficit/hyperactivity disorder. Autism Res. Off. J. Int. Soc. Autism Res. 2018, 11, 1148–1156.
[CrossRef]

62. Xiao, T.; Xiao, Z.; Hong, S.; Yang, H.; Yanli, S.; Chu, K.; Xiao, X.; Shen, J.; Liu, Y. Response inhibition impairment in high
functioning autism and attention deficit hyperactivity disorder: Evidence from near-infrared spectroscopy data. PLoS ONE 2012,
7, e46569. [CrossRef] [PubMed]

63. Yasumura, A.; Kokubo, N.; Yamamoto, H.; Yasumura, Y.; Nakagawa, E.; Kaga, M.; Hiraki, K.; Inagaki, M. Neurobehavioral and
hemodynamic evaluation of Stroop and reverse Stroop interference in children with attention-deficit/hyperactivity disorder.
Brain Dev. 2014, 36, 97–106. [CrossRef] [PubMed]

64. Azadi Sohi, B. Cognitive Task Performances as Biomarkers & Candidate Endophenotypes in Childhood Neurodevelopmental
Disorders: Adhd & Autism (Order No. U582653). Available from ProQuest Dissertations & Theses Global. (1784686170).
2012. Available online: https://kclpure.kcl.ac.uk/ws/portalfiles/portal/12488436/Studentthesis-Bahare_Azadi+Sohi_2012.pdf
(accessed on 13 October 2022).

65. Manteris, E.M. Social Cognition and Comorbidity in Children with Autism Spectrum Disorders and Attention-Deficit Hyper-
activity Disorder (Order No. 3529723). Available from ProQuest Dissertations & Theses Global. (1178952463). 2011. Available
online: http://gateway.proquest.com/openurl?url_ver=Z39.88-2004&rft_val_fmt=info:ofi/fmt:kev:mtx:dissertation&res_dat=xri:
pqm&rft_dat=xri:pqdiss:3529723 (accessed on 20 October 2022).

66. Shahabuddin, A. Sustained and Selective Attention in Children with Comorbid Autism Spectrum Disorder (ASD) and Attention-
Deficit/Hyperactivity Disorder (ADHD). Ph.D. Thesis, Eastern Michigan University, Ypsilanti, MI, USA, 2015.

67. Karmiloff-Smith, A.; D’Souza, D.; Dekker, T.M.; Van Herwegen, J.; Xu, F.; Rodic, M.; Ansari, D. Genetic and environmental
vulnerabilities in children with neurodevelopmental disorders. Proc. Natl. Acad. Sci. USA 2012, 109 (Suppl. S2), 17261–17265.
[CrossRef] [PubMed]

68. Barkley, R.A.; Murphy, K.R. Impairment in occupational functioning and adult ADHD: The predictive utility of executive function
(EF) ratings versus EF tests. Arch. Clin. Neuropsychol. Off. J. Natl. Acad. Neuropsychol. 2010, 25, 157–173. [CrossRef] [PubMed]

69. Gardiner, E.; Hutchison, S.M.; Müller, U.; Kerns, K.A.; Iarocci, G. Assessment of executive function in young children with
and without ASD using parent ratings and computerized tasks of executive function. Clin. Neuropsychol. 2017, 31, 1283–1305.
[CrossRef] [PubMed]

70. Doebel, S. Rethinking executive function and its development. Perspect. Psychol. Sci. 2020, 15, 942–956. [CrossRef]
71. Di Martino, A.; Zuo, X.N.; Kelly, C.; Grzadzinski, R.; Mennes, M.; Schvarcz, A.; Rodman, J.; Lord, C.; Castellanos, F.X.; Milham,

M.P. Shared and distinct intrinsic functional network centrality in autism and attention-deficit/hyperactivity disorder. Biol.
Psychiatry 2013, 74, 623–632. [CrossRef]

72. Mahone, E.M.; Hagelthorn, K.M.; Cutting, L.E.; Schuerholz, L.J.; Pelletier, S.F.; Rawlins, C.; Singer, H.S.; Denckla, M.B. Effects of
IQ on executive function measures in children with ADHD. Child Neuropsychol. 2002, 8, 52–65. [CrossRef]

73. Schuck, S.E.; Crinella, F.M. Why children with ADHD do not have low IQs. J. Learn. Disabil. 2005, 38, 262–280. [CrossRef]
[PubMed]

74. Best, J.R.; Miller, P.H. H. A developmental perspective on executive function. Child Dev. 2010, 81, 1641–1660. [CrossRef] [PubMed]
75. Van Eylen, L.; Boets, B.; Steyaert, J.; Wagemans, J.; Noens, I. Executive functioning in autism spectrum disorders: Influence of

task and sample characteristics and relation to symptom severity. Eur. Child Adolesc. Psychiatry 2015, 24, 1399–1417. [CrossRef]
[PubMed]

76. Chiang, H.; Shur-Fen Gau, S. Impact of executive functions on school and peer functions in youths with ADHD. Res. Dev. Disabil.
2014, 35, 963–972. [CrossRef] [PubMed]

77. Klenberg, L.; Hokkanen, L.; Lahti-Nuuttila, P.; Närhi, V. Teacher Ratings of Executive Function Difficulties in Finnish Children
with Combined and Predominantly Inattentive Symptoms of ADHD. Appl. Neuropsychol. Child 2017, 6, 305–314. [CrossRef]
[PubMed]

78. Friedman, N.P.; Miyake, A. The relations among inhibition and interference control functions: A latent-variable analysis. J. Exp.
Psychol. Gen. 2004, 133, 101–135. [CrossRef]

79. Henry, L.; Bettenay, C. The assessment of executive functioning in children. Child Adolesc. Ment. Health 2010, 15, 110–119.
[CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jneumeth.2005.08.023
https://www.ncbi.nlm.nih.gov/pubmed/16427129
https://doi.org/10.1002/aur.1967
https://doi.org/10.1371/journal.pone.0046569
https://www.ncbi.nlm.nih.gov/pubmed/23056348
https://doi.org/10.1016/j.braindev.2013.01.005
https://www.ncbi.nlm.nih.gov/pubmed/23414618
https://kclpure.kcl.ac.uk/ws/portalfiles/portal/12488436/Studentthesis-Bahare_Azadi+Sohi_2012.pdf
http://gateway.proquest.com/openurl?url_ver=Z39.88-2004&rft_val_fmt=info:ofi/fmt:kev:mtx:dissertation&res_dat=xri:pqm&rft_dat=xri:pqdiss:3529723
http://gateway.proquest.com/openurl?url_ver=Z39.88-2004&rft_val_fmt=info:ofi/fmt:kev:mtx:dissertation&res_dat=xri:pqm&rft_dat=xri:pqdiss:3529723
https://doi.org/10.1073/pnas.1121087109
https://www.ncbi.nlm.nih.gov/pubmed/23045661
https://doi.org/10.1093/arclin/acq014
https://www.ncbi.nlm.nih.gov/pubmed/20197297
https://doi.org/10.1080/13854046.2017.1290139
https://www.ncbi.nlm.nih.gov/pubmed/28276865
https://doi.org/10.1177/1745691620904771
https://doi.org/10.1016/j.biopsych.2013.02.011
https://doi.org/10.1076/chin.8.1.52.8719
https://doi.org/10.1177/00222194050380030701
https://www.ncbi.nlm.nih.gov/pubmed/15940963
https://doi.org/10.1111/j.1467-8624.2010.01499.x
https://www.ncbi.nlm.nih.gov/pubmed/21077853
https://doi.org/10.1007/s00787-015-0689-1
https://www.ncbi.nlm.nih.gov/pubmed/25697266
https://doi.org/10.1016/j.ridd.2014.02.010
https://www.ncbi.nlm.nih.gov/pubmed/24636025
https://doi.org/10.1080/21622965.2016.1177531
https://www.ncbi.nlm.nih.gov/pubmed/27176884
https://doi.org/10.1037/0096-3445.133.1.101
https://doi.org/10.1111/j.1475-3588.2010.00557.x
https://www.ncbi.nlm.nih.gov/pubmed/32847241

	Introduction 
	Methods 
	Inclusion and Exclusion Criteria 
	Data Identification and Screening 
	Data Extraction 
	Meta-Analytic Approach 
	Study Quality and Risk of Bias 
	Publication Bias 

	Results 
	Descriptive Statistics 
	Main Analyses: TD vs. ADHD Comparison 
	Main Analyses: TD vs. ASD Comparison 
	Main Analyses: ADHD vs. ASD Comparison 
	Main Analyses: ADHD vs. ADHD+ASD Comparison 
	Main Analyses: ASD vs. ADHD+ASD Comparison 
	Moderation Analyses 

	Discussion 
	Conclusions 
	Limits of the Study and Future Directions 
	Appendix A
	References

