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Abstract: Executive dysfunction has been shown to be a promising endophenotype in
neurodevelopmental disorders such as autism spectrum disorder (ASD) and attention-deficit/
hyperactivity disorder (ADHD). This article reviewed 26 studies that examined executive
function comparing ASD and/or ADHD children. In light of findings from this review,
the ASD + ADHD group appears to share impairment in both flexibility and planning with the
ASD group, while it shares the response inhibition deficit with the ADHD group. Conversely,
deficit in attention, working memory, preparatory processes, fluency, and concept formation
does not appear to be distinctive in discriminating from ASD, ADHD, or ASD + ADHD group.
On the basis of neurocognitive endophenotype, the common co-occurrence of executive func-
tion deficits seems to reflect an additive comorbidity, rather than a separate condition with
distinct impairments.

Keywords: executive function, autism spectrum disorder, attention-deficit/hyperactivity dis-
order, ASD + ADHD, neurocognitive endophenotype

Introduction

Executive function (EF) comprises a set of cognitive control processes, mainly sup-
ported by the prefrontal cortex, which regulates lower level processes (eg, perception,
motor responses) and thereby enables self-regulation and self-directed behavior toward
a goal, allowing us to break out habits, make decisions and evaluate risks, plan for the
future, prioritize and sequence our actions, and cope with novel situations.! Executive
dysfunction has been shown to be a promising endophenotype in neurodevelopmen-
tal disorders, such as the autism spectrum disorder (ASD)>* and attention-deficit/
hyperactivity disorder (ADHD).>® Although there are important differences in core
symptom definition, the co-occurrence between ASD and ADHD is supported by

clinical,”!' common biological,'>** and nonbiological risk factors'*!

and neuroimag-
ing studies.'®!”

Several authors believe that ASD and ADHD share a common genetic basis. Both
family®” and twin studies?' provide support for the hypothesis that ADHD and ASD
originate from partly similar familial/genetic factors. Approximately 50%—72% of the
contributing genetic factors in both disorders show overlap.?> These shared genetic
and neurobiological underpinnings form an explanation why both disorders occur
so frequently within the same patient and family. Recent genetic evidences suggest
that synaptosomal-associated protein of 25 kDa is involved in ASD and ADHD.? In

line with these observations, studies have reported significant correlations between
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single nucleotide polymorphisms of synaptosomal-associated
protein of 25 kDa and one or more aspects of the EF.>?* Both
ADHD and ASD are childhood-onset neurodevelopmental
disorders affecting key frontostriatal and frontoparietal cir-
cuits that are important for EF.3 A better understanding of
the neurocognitive endophenotype of the co-occurrence of
ASD + ADHD is important because it could not only provide
clues for enhanced treatment options but could also highlight
the existence of a combined phenotype.

EF impairments have been considered as central deficits
in ADHD or ASD. It has traditionally been argued that the
EF deficits, such as deficit in response inhibition or working
memory (WM) and overall weakness in executive control,
are related to ADHD symptoms. Pennington and Ozonoff
reported minimal evidence of an association between EF
and ADHD suggesting that additional research was needed
to test whether the relation between ADHD and EF was sig-
nificant in the general population or was a sampling artifact
restricted to clinic-referred samples.* Barkley proposed the
hypothesis that ADHD symptoms may be due to EF deficits.
Based on Barkley’s model, ADHD-combined (ADHD-C)
subtype is related to deficits in EFs, but there is no EF deficit
for ADHD-inattentive (ADHD-I) subtype.® On the contrary,
a review of differences in ADHD subtypes suggests that
ADHD-C is more characterized by a lack of inhibitory
control, whereas ADHD-I is more characterized by sluggish,
disorganized behavior.?” Willcutt et al in a meta-analysis of
83 studies stated that ADHD children/adolescents exhib-
ited significant deficits compared to those without ADHD
in neuropsychological measures of EF, such as planning,
spatial and verbal WM, response inhibition, and vigilance.®
Gargaro et al described that tasks measuring inhibition are
by no means the only method for demonstrating cognitive
deficits in children with ADHD.?® Consistent deficits have
been reported for a number of other cognitive tasks, such
as those measuring sustained attention. Furthermore, indi-
viduals with ADHD display longer reaction times and more
omission and commission errors than controls. Recently,
Ahmadi et al studied the possibility of iconic memory
impairment in children with ADHD and found that visual
memory is weaker in children with ADHD and they have
weaker memory performance than normal children with both
visual and auditory symbols at 50 ms and 100 ms presenta-
tion durations.”

Over time, researchers have shown an increased interest
in executive dysfunction of children with ASD. Among the
models that try to identify the primary deficit in ASD, a signif-
icantrole is played by the assumption that a disturbance at the

level of the EFs may be causing many autism symptoms.>
Early studies investigated the EF in high-functioning autism,
especially in the domain of cognitive flexibility, planning,
and WM. In all situations, both in studies with children and
adolescents,>* people with autism have manifested constant
impairments of EFs. Several studies revealed difficulties
with planning, and cognitive flexibility was often observed
in the form of perseverative errors in this population.’®3! In
addition to perseverative errors, children with autism have
also shown more deficits in shifting attention,** sustained or
selective attention,** and response inhibition.**3* The review
by Hill et al on EF in ASD highlights impairments (vs typi-
cally developing [TD] controls) on at least two key aspects
of EF: planning (eg, anticipatory grasp, Tower of Hanoi/
London, detour reaching) and flexibility (eg, Wisconsin Card
Sorting Test [WCST], extradimensional shift of the ID/ED
task).’ In a recent review of EF in autism, O’Hearn et al*’
indicated impairments in tasks requiring response inhibition,
WM, planning, and attention, which appear to be present
also in adulthood.

While previous studies have documented EF impair-
ments in ADHD and ASD separately, in recent years,
a considerable amount of literature has grown up around
the EF deficit directly comparing ASD and ADHD. In light
of such literature, the aim of this review was to examine the
similarities and differences in executive functioning between
ASD and ADHD in order to identify neurocognitive endo-
phenotypes, which could support the eventual existence of
a clinical combined phenotype (ASD + ADHD). Here we
review various domains of EF through neurocognitive tasks
found in both the pediatric ASD and ADHD literature. To
the best of our knowledge, this is the first review on EFs
comparing exclusively ASD and ADHD groups. We discuss
similarities and differences in ASD and ADHD and their
implications for common or differential diagnosis of these
two disorders. We also analyze the executive functioning of
ASD + ADHD phenotype.

Through this review, we examine different hypotheses:
1. ASD + ADHD is a distinct phenotype from ASD or

ADHD phenotype.

2. ASD + ADHD phenotype represents the co-occurrence
of the two disorders.

3. ADHD and ASD represent two separate spectrums with
some overlapping.

Efforts to define the common or distinct neurocognitive
endophenotype of these disorders may help to refine classifi-
cation systems and enhance the assessment of these complex
cases for more specific treatment strategies.
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Methods

Search strategy

The literature search was conducted through PubMed,
EBSCOhost, Elsevier, Scopus, and Web of Science using
a combination of the following free-text terms: “Executive
Function”, “autism spectrum disorders”, “autism”, “ASD”,
“Attention Deficit Hyperactivity Disorder”, “ADHD”, and

“pervasive development disorder”.

Inclusion criteria

The studies included in this review met the following five
criteria: 1) compared ASD vs ADHD; 2) assessed EF skills
through standardized test; 3) enrolled child and adoles-
cent patients (from 3 years to 18 years of age); 4) were
published in English; and 5) were published in peer-reviewed
journals. No other restrictions (eg, date of publication) were
applied. Review articles and anecdotal clinical reports were
excluded.

Data extraction

Studies that met the inclusion criteria were summarized in
terms of: 1) participants (sample characteristics and sample
size); 2) specific EF; 3) assessment procedure; and 4) results.
The first author performed data extraction from the included
studies, while an independent rater checked for accuracy. In
cases of disagreement on the extracted data, articles were reex-
amined until consensus (100% agreement) was reached.

Interobserver agreement

A total of 45 articles were identified from the initial search
strategies. Each of these 45 articles was then examined,
resulting in 26 articles that were retained for screening
against the inclusion criteria by two independent reviewers.
Agreement as to whether or not the study met the inclusion
criteria was 100%.

Results

Table 1 provides a summary of the 26 studies that investi-
gated EF deficits comparing ASD and ADHD. The studies
are ordered by date of publication and are categorized by the
number of participants, diagnosis-related groups, intelligence
quotient (IQ), age range, and EF evaluated.

Characteristics of participants

All studies involved children with ASD and children with
ADHD, with a total of 646 and 789, respectively; further-
more, five studies included ASD + ADHD group in which
101 individuals met the diagnostic criteria for both ASD

and ADHD. All studies have used previous versions of the
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition, for diagnosis. TD controls were also exam-
ined in 23 studies enrolling a total of 723 children with this
condition.

The age of the children ranged from 3 years to 18 years.
Twenty-three studies included children between 6 years
and 18 years of age, while three studies also examined
children <6 years of age.

Nine studies included children with IQ scores within the
normal range (=80-85 IQ points), 14 studies also included
children with IQ scores within the borderline range (=70-75
1Q points), and only one study also involved children with IQ
scores within the mild disability range (=60—-65 IQ points).
Two studies did not report the 1Q level.

Specific EF

Twenty-two studies examined response inhibition, fourteen
studies examined the WM, thirteen studies examined flex-
ibility, eleven studies examined different domains of atten-
tion, nine studies examined planning, four studies examined
monitoring, three studies examined preparatory processing,
two studies examined fluency, and one study examined
concept formation (Table 1).

Procedures to assess EF deficits

Assessment of EFs involves gathering data from several
sources and synthesizing the information to look for
trends and patterns across time and setting. Apart from
formal tests, other measures such as standardized check-
lists, observations, interviews, and work samples could
be used. We found several different kinds of assessment
tools to assess EF, which included parent/teacher reports,
computerized cognitive tests, and performance-based tests
measuring EFs in children with ASD and ADHD. The
most common questionnaire developed for parents was the
Behavior Rating Inventory of Executive Function, which
was used in five studies to assess inhibition, attention, WM,
flexibility/shifting, planning, preparatory processing, moni-
toring, and fluency.*®“? The Cambridge Neuropsychological
Test Automated Battery was used in five studies to assess
attention, WM, flexibility/shifting, and planning.***" The
Go/No-Go and the Stroop tests were used in ten and seven
studies, respectively, to assess inhibition response. Among
the performance-based tests, five studies used the WCST in
order to assess inhibition, WM, flexibility/shifting, planning,
and concept formation. Table 2 reports the assessment tools
used in the studies included in this review.
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Table | Features of the 26 studies reviewed

Study Number of Diagnosis-related groups 1Q Age range, EF evaluated
participants (n) years
Lawson et al 125 70 ASD, 55 ADHD 1Q =70 616 Response inhibition, flexibility
Samyn et al*? 209 31 ASD, 30 ADHD, 148 TD 1Q =80 10-15 Response inhibition and attention
Matsuura et al® 45 Eleven ASD, |5 ADHD, 19 TD 1Q =75 8-13 Attention and WM
Sinzig et al*® 87 28 ASD, 30 ADHD, 29 TD 1Q =70 4-9 Response inhibition, flexibility,
attention
Hovik et al*® 179 19 TS, 33 ADHD-C, 43 ADHD-I, 1Q =70 8-12 Response inhibition, WM, planning,
34 ASD, 50 TD monitoring
Samyn et al®? 65 24 ADHD, 20 ASD, 21 TD 1Q =80 10—15 Attention
Tye et al® 92 19 ASD, 18 ADHD, 29 ASD + 1Q =70 8-13 Response inhibition, attention,
ADHD, 26 TD preparatory processing,
monitoring
Yasumura et al*® 36 Ten ADHD, eleven ASD, 15 TD 1Q =80 8-13 Response inhibition
Salcedo-Marin et al* 103 80 ADHD, 23 ASD 1IQ =70 817 Attention, WM, response
inhibition, preparatory processing
Takeuchi et al* 104 20 ADHD, 16 ASD + ADHD, 1Q =80 6-15 Response inhibition, WM
eight ASD, 60 TD
Xiao et al*® 51 19 ASD, 16 ADHD, 16 TD 1Q =80 8-12 Response inhibition
Kado et al*” 150 52 ASD, 46 ADHD, 52 TD 1Q =80 5-15 Response inhibition, attention,
WM, concept formation
Semrud-Clikeman et al® 96 15 ASD, 21 ADHD-C, 28 ADHD- 1Q =80 9.1-16.5 Response inhibition, planning, WM,
Pl,32 TD flexibility, monitoring
Corbett et al* 54 18 ASD, 18 ADHD, 18 TD 1Q =70 7-12 Response inhibition, WM,
flexibility, planning, fluency,
attention
Gomarus et al*? 60 15 ASD, 15 ADHD, 15 ASD + 1IQ =70 8-11 Attention, WM
ADHD, I5TD
Yang et al** 76 20 ASD, 26 ADHD, 30 TD - 3.7-15.8 Response inhibition, WM,
flexibility
Sinzig et al*® 101 30 ADHD, 21 ASD + ADHD, 1Q =75 6-18 Response inhibition, attention
20 ASD, 30 TD
Sinzig et al* 80 20 ADHD, 20 ASD, 20 ASD + 1Q =80 6-18 Response inhibition, flexibility,
ADHD, 20 TD WM, planning
Johnson et al®' 62 23 ADHD, 21 ASD, 18 TD 1Q =70 8-12 Attention
Happé et al* 94 32 ASD, 30 ADHD, 32 TD IQ =69-70 8-16 Response inhibition, flexibility,
planning, WM
Goldberg et al”’ 70 17 ASD, 21 ADHD, 32 TD 1Q =75 8-12 Response inhibition, flexibility,
planning, WM
Tsuchiya et al* 59 17 ASD, 22 ADHD, 25 TD 1IQ =70 8-16 Response inhibition, attention,
flexibility
Geurts et al*® 136 54 ADHD, 41 ASD, 41 TD 1Q =80 6—12 Response inhibition, WM, planning,
flexibility, fluency
Gioia et al*® 141 27 ADHD-IT, 26 ADHD-CT, 1Q =65 8-15 Response inhibition, WM,
54 ASD, 34 RD, 34 TBI flexibility, planning, preparatory
processing, monitoring
Nyden et al*' 20 Ten ASD, ten ADHD, ten TD - 811 Response inhibition
Ozonoff and Jensen® 123 40 ASD, 24 ADHD, 30 TS,29 TD I1Q =70 10-15 Planning, flexibility, response

inhibition

Abbreviations: |Q, intelligence quotient; EF, executive function; ASD, autism spectrum disorder; ADHD, attention-deficit/hyperactivity disorder; TD, typically developing;
WM, working memory; ADHD-C, ADHD-combined; ADHD-I, ADHD-inattentive; TS, tourette syndrome; ADHD-PI, ADHD-predominately inattentive; ADHD-IT, ADHD-
inattentive type; ADHD-CT, ADHD-combined type; RD, reading disorders; TBI, traumatic brain injury.

Similarities and differences in EF

The results of EF pertain to the following domains: inhibition,
WM, flexibility, attention, planning, monitoring, prepara-
tory processing, fluency, and concept formation. Table 3
reports the comparison of EF deficits between ASD, ADHD,

ASD + ADHD, and TD groups.

Inhibition response

Five studies detected statistical significant differences in inhi-
bition response between ASD and ADHD groups compared
to the TD group.****3! No significant differences between
ASD, ADHD, and TD groups on inhibit performances

were found in five studies.*'#7525* In three studies, ADHD
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patients demonstrated more impairment in inhibitory control
compared to the ASD patients.>>*>5 Two studies supported
that children with ADHD-C tend to have more inhibition
problem compared to the ADHD-I and ASD groups.**** Two
studies reported that on the inhibition task, the ADHD group
appeared more impaired than the ASD + ADHD, ASD, and
TD groups, whereas the ASD + ADHD group performed
worse than the TD and ASD groups.**¢ In three studies,
the ASD group appeared more impaired than the ADHD
and the TD groups on almost all variables that regarded the
inhibition task.*37-5¢

Working memory

Four studies detected more WM impairment in ASD and
ADHD groups when compared with the TD group.3*4%57%
No significant differences between the ADHD, ASD, and
TD groups in WM were detected in four studies.*!48:5054
Two studies showed that children with ASD had poor per-
formance relative to the ADHD and TD groups in WM. 344
The ADHD group showed striking deficits on a spatial
WM task compared to ASD and TD groups in one study.*
One study found only differences between ADHD and TD
groups.* Both verbal memory and visuospatial memory
were investigated in one study, finding that the ADHD and
ASD + ADHD subjects had negative effects on verbal WM,
while impairments in visuospatial WM were detected in the
ADHD and ASD groups but not in the ASD + ADHD group.>
One study reported more WM impairment in ADHD and
ASD + ADHD groups compared with ASD and TD groups.®
One study showed WM impairment in ASD and ADHD
groups; however, only the ADHD group reported more
deficits compared to the ASD + ADHD group.*

Flexibility

Six studies reported that ASD children have more difficulty
with flexibility dimension than those with ADHD 333842444857
In three studies, no significant differences in flexibility
performance were observed among ASD, ADHD, and TD
groups.**473* Greater deficiency in flexibility in ADHD children
compared to the ASD children was reported in two studies.**
In one study, the ASD + ADHD group appeared more impaired
than the ASD and TD groups in the flexibility task.* In one
study, ADHD-C and ASD children reported more flexibility
impairment compared to ADHD-I and TD children.*’

Attention
Three studies reported more impairment in attention skill in
ASD and ADHD children compared to the TD children.*4%>
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No significant differences between the ASD and ADHD
groups on the scores of sustained and selective attention
were detected in two studies.*** Two studies showed that
ASD + ADHD and ADHD groups tend to have more atten-
tion problem compared to the ASD group.**% Two studies
found that children with ADHD demonstrated clear deficits
in sustained attention when compared to ASD and TD
children.’>! Only one study found no difference in atten-
tion performance among ASD, ADHD, and TD groups.®
On the contrary, another study showed that the ASD group
had a significantly worse performance in sustained attention
compared to the ADHD and TD groups.™

Planning

No significant differences on measures of planning across
the ASD, ADHD, and TD groups were found in three
studies.*#*7 Three studies detected more deficit in planning
skills in ASD and ADHD individuals when compared to TD
individuals.’3°% In two studies, the ASD group showed more
difficulties with cognitive planning compared to children
with ADHD and the healthy control group.’>* One study
reported that ASD and ASD + ADHD groups have more
planning deficit compared to TD individuals.*

Monitoring

One study found no differences in monitoring between the
ASD and ADHD groups; however, both groups showed
more deficit compared to the TD individuals.*® One study
suggested that impaired conflict monitoring is more conspicu-
ous in ASD and ASD + ADHD individuals than in ADHD
and TD individuals.®® One study reported that ASD children
have more monitoring deficit compared to ADHD and TD
children.*> ADHD-I and ADHD-C children reported more
impairment in monitoring than TD children in one study.*

Preparatory processing

One study showed that children with ASD had poorer per-
formance on preparatory processing compared to ASD +
ADHD, ADHD, and TD children.® Another study showed no
differences between the ASD and ADHD groups in prepara-
tory processing.* ADHD-I and ADHD-C children reported
more impairment in preparatory processing compared to the
TD children in one study.*®

Fluency

No significant differences on measures of fluency across
the ASD and ADHD groups were found in two studies;***
however, one of these* revealed that ASD and ADHD groups

were associated with more EF deficits in verbal fluency than
TD counterparts.

Concept formation

Only one study examined the ability of concept formation and
found that both ADHD and ASD individuals obtained lower
scores using WCST compared to TD individuals, suggest-
ing an inadequate function in these individuals concerning
concept formation.”’

Discussion

This systematic review identified 26 studies that compared
EFs (inhibition, WM, flexibility, attention, planning,
monitoring, preparatory processing, fluency, and concept
formation) in ASD and ADHD children, and five of these
studies also included ASD + ADHD patients. The results of
these studies were not unique and often contradictory, prob-
ably due to differences in sample characteristics (number
of participants, diagnosis-related groups, age, and 1Q level)
and assessment methodology. Nevertheless, similarities and
differences between ASD, ADHD, ASD + ADHD, and TD
groups were highlighted by the studies reviewed.

Overall, the similarities between neurocognitive profiles
of ASD, ADHD, and ASD + ADHD individuals include sev-
eral areas of EF such as attention, WM, and fluency. In most
of the studies, the dysfunction in attention was frequently
observed in all clinical groups (ASD, ADHD, and ASD +
ADHD) compared to the TD group. Some studies reported
that the severity of the attention dysfunction is greater in
the ADHD and ASD + ADHD groups than the ASD and
TD groups.®*%° Moreover, investigating various domains
of attention, the ADHD children differed from the healthy
children especially on the sustained and divided attention
tasks, whereas children with ASD + ADHD had difficulties
in divided attention and alertness tasks.’? Studies examining
WM suggest similar performances in ASD, ADHD, and
ASD + ADHD individuals.*#%7° Nevertheless, both ADHD
and ASD + ADHD groups needed more time to perform the
WM task, while the ASD children made more errors than
the healthy children.*® With regard to fluency, studies indicate
that there are no significant differences across the ASD and
ADHD groups, but both groups gave fewer correct responses
than the TD group in this semantic category.***

In contrast, EF impairments, such as flexibility, planning,
and response inhibition, appear to be distinctive between ASD,
ADHD, and ASD + ADHD groups. Children with ASD and
ASD + ADHD appear to be characterized by cognitive flex-
ibility and planning deficits. In fact, the majority of the studies
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included in this review support for more deficit in cognitive
flexibility in ASD than in ADHD, reporting for the ASD
group a slower mean reaction time and a higher percentage
of perseverative responses.** Additionally, the ASD + ADHD
group showed difficulty with test duration of flexibility task
compared to the control and the ASD groups.* With regard to
planning, the ASD and ASD + ADHD groups showed more
difficulties compared to the ADHD and TD children.**® Some
authors found differences in the mean subsequent thinking
time between ASD children compared to the ADHD and TD
children, thus suggesting that planning difficulties, for ASD
individuals, might be less a problem of comprehension than
of speed (more a problem of speed rather than an issue of
comprehension).***¥ Furthermore, the ASD + ADHD group
was characterized by an impairment in duration of the plan-
ning task, while the ASD group showed a lower performance
to initial thinking time and the mean subsequent thinking time.
There are evidences showing that response inhibition appears
to be more impaired in the ADHD and ASD + ADHD groups
than in the ASD and TD groups.>**¢¢ The ADHD and ASD +
ADHD children make more errors of omission and commis-
sion compared to the ASD and healthy control children.*

Finally, there are few studies that have investigated
impairment in monitoring, preparatory process, and concept
formation. The results in these specific EF domains appear
to be too contradictory to identify any similarities or differ-
ences between ASD, ADHD, and ASD + ADHD groups.
The only common result among these studies is that the
clinical groups reported greater impairment in monitoring,
preparatory process, and concept formation than the group
of healthy children.

In Figure 1, we represent the similarities and differences
in executive functioning between ASD, ADHD, and ASD +
ADHD groups.

Limitations

This review should be considered in the light of its
limitations. The discrepancy in the results in the same
EF domain could be mainly attributed to the use of dif-
ferent assessment tools. Many studies of EF currently
use traditional neuropsychological EF measures that
tap multiple aspects of EF as well as non-EF abilities.
Although these tasks may be useful for screening individu-
als for severe EF deficits, they are too broad to answer

ASD + ADHD

WM

Attention

Concept formation

Preparatory

processing

Flexibility

Attention

Response
inhibition

Fluency

Concept formation

Preparatory

processing

Figure | Similarities and differences in executive functioning between ASD, ADHD, and ASD + ADHD groups.
Notes: The ASD + ADHD group appeared to share impairment in the flexibility and planning with the ASD group, while it shares the response inhibition deficit with the
ADHD group. Conversely, deficit in attention, WM, preparatory processes, fluency, and concept formation does not appear to be distinctive in discriminating from ASD,

ADHD, or ASD + ADHD group.

Abbreviations: ASD, autism spectrum disorder; ADHD, attention-deficit/hyperactivity disorder; WM, working memory.
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fine-grained questions about specific aspects of EF that
might be implicated in ASD or ADHD. Although there
is no gold standard for the evaluation of EFs,* the prog-
ress of theories and models of EFs, along with the new
computerized assessment tests (which focus more on the
theoretical account deficits below specific components),
could facilitate a more accurate, sensitive, and specific
performance evaluation of EF.

Conclusion

This article reviewed 26 studies that examined EF comparing
ASD and ADHD children. In light of the findings set out in
this review, the ASD + ADHD group appears to share impair-
ments in flexibility and planning with the ASD group, while
it shares the response inhibition deficit with the ADHD group
(Figure 1). Conversely, deficit in attention, WM, preparatory
processes, fluency, and concept formation does not appear to
be distinctive in discriminating from ASD, ADHD, or ASD +
ADHD group. These findings are in line with the new criteria
of the Diagnostic and Statistical Manual of Mental Disor-
ders, Fifth Edition, where the diagnoses of ASD and ADHD
are no longer mutually exclusive. In fact, on the basis of
neurocognitive endophenotype, the common co-occurrence
of EF deficits seems to reflect an additive comorbidity, rather
than a separate condition with distinct impairments. The iden-
tification of neurocognitive endophenotype in children with
ASD, ADHD or ASD + ADHD could play an important role
for the treatment implication because EF cognitive training
may change the underlying neural mechanisms to improve
the real-world function or clinical symptoms. Nonetheless,
the definition of the combined phenotype (ASD + ADHD)
needs to integrate genetic, neuroimaging, neurocognitive,
and clinical evidences.
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