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Abstract 
Autism spectrum disorder (ASD) and attention deficit hyperactivity disorder (ADHD) are two of the most 
common childhood-onset neurodevelopmental disorders. Literature has shown different patterns of deficits in 
executive functioning in children with ASD and ADHD. To date few studies have examined executive functions in 
both ASD and ADHD and with mixed results. 
The current study provides the first systematic review to explore distinct executive function components (attention 
problems, response inhibition, working memory, planning and flexibility) that underlie the specific deficits seen in 
children and adolescents with both ASD and ADHD disorders. Findings provide evidence for executive 
dysfunctions across different key components such as attention, response inhibition and verbal working memory in 
children and adolescents with ASD and comorbid ADHD clinical symptoms. This research explores the 
neurocognitive profile of the comorbid condition, which is also critical for designing appropriate interventions. 
Keywords: autism spectrum disorder, attention deficit hyperactivity disorder, comorbidity, executive functions, 
review 
1.Introduction 
Autism spectrum disorder (ASD) is characterised by deficits in communication, social interaction and restricted 
and repetitive patterns of behaviours. Prevalence of ASD is considered about 1% worldwide (Elsabbagh et al., 
2012), while attention deficit hyperactivity disorder (ADHD) affects approximately 6% of children (Polanczyk, de 
Lima, Horta, Biederman, & Rohde, 2007) and the main manifestations are inattention, hyperactivity and 
impulsivity (American Psychiatry Association, 2013). ASD and ADHD are among the most common 
neurodevelopmental disorders. For the last decades and specially since the Diagnostic and Statistical Manual of 
Mental Disorders (DSM 5th ed., American Psychiatry Association, 2013) allowed the dual diagnosis, a 
considerable amount of literature has focused around comorbid condition. Comorbidity between ASD and ADHD 
has been reported to be within the range of 14-78% (Gjevik, Eldevik, Fjæran-Granum, & Sponheim, 2011; Kaat, 
Gadow, & Lecavalier, 2013; Mattila et al., 2010). ADHD is one of the most common comorbid disorders in 
children with ASD (Simonoff et al., 2008), and in a recent review of 35 studies that investigated the co-occurrence 
between ASD and ADHD found it was of 37 to 85%, in clinic samples (Leitner, 2014; Stevens, Peng, & 
Barnard-Brak, 2016). Conversely, 15-25% of children with ADHD have ASD symptoms (Kotte et al., 2013). 
Executive functioning (EF) is a term that refers higher-order cognitive processes that guide complex goal-directed 
behaviors in a dynamic and changing environment. This umbrella term encompasses different metacognitive 
domains such as response inhibition, working memory, cognitive flexibility planning or fluency (Diamond, 2013). 
These functions have been linked, in particular to prefrontal cortex suggesting that the brain regions that are 
important for EF are those affected by ASD (Goldberg et al., 2005; Ozonoff et al., 2004) and ADHD (Goldstein & 
Naglieri, 2013; Rubia, Alegria, & Brinson, 2014). In addition key aspects of EF are compromised in both disorders, 
and have been identified as potential shared endophenotypes (Rommelse, Geurts, Franke, Buitelaar, & Hartman, 
2011), suggesting the importance of investigating both disorders. Furthermore, the results of genetic, 
neuropsychological and neuroimaging studies suggest possible pathophysiological links between ASD and ADHD 
affecting key fronto-striatal and fronto-parietal circuits that are important for performing EF and complex 
cognitive functions as attentional process (Rommelse et al., 2011). 
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The research on the association of symptoms of ASD and ADHD are largely focused on childhood, (Johnson, 
Gliga, Jones, & Charman, 2015; Rommelse, Buitelaar, & Hartman, 2017) despite the impact that changes in EF 
can have across the lifespan (Hartman, Geurts, Franke, Buitelaar, & Rommelse, 2016). There are scant studies 
linking EF deficits to comorbid symptoms of ASD and ADHD in adults (Nydén et al., 2010). Literature has shown 
different patterns of deficits in executive functioning in children with ASD and ADHD (Rommelse et al., 2011). 
When comparing both groups in children with ADHD, response inhibition and sustained attention tasks are 
commonly impaired (Corbett, Constantine, Hendren, Rocke, & Ozonoff, 2009), but also working memory, 
vigilance, and planning show strong and consistent deficits (Willcutt, Doyle, Nigg, Faraone, & Pennington, 2005). 
On the other hand, EF deficits are also detected in children with ASD who often have difficulties with planning and 
cognitive flexibility (Happé & Ronald, 2008; Hill, 2004; Ozonoff et al., 2004). To date many studies have 
examined EF in ADHD and ASD with mixed findings (Lai et al., 2017; Willcutt et al., 2005). Despite strong 
evidence on executive functions implication in ASD and ADHD fewer studies have explored EF in comorbid 
condition. For example, Craig et al. (2016) suggested that there are few and inconsistent findings from EF studies 
that include individuals with comorbid ASD and ADHD. Therefore this review will update the findings of EF in 
ASD and ADHD by including studies that explore EF in both conditions. We will also explore the neurocognitive 
profile of the comorbid condition, which is also critical for designing appropriate interventions.  
2. Method 
2.1 Search procedure 
The literature was searched using the PubMed, PsycINFO, PsycARTICLES and SCOPUS databases (July, 2017). 
Additionally we used the combination of the following terms:  
Autism, ASD, pervasive development disorder, PDD, and Attention Deficit Hyperactivity Disorder, ADHD, 
“comorbidity” or “comorbid”. We used broad search terms in order not to lose any relevant work. 
2.2 Inclusion and Exclusion Criteria 
To be included in the present systematic review, the articles had to be written in English and published in 
peer-reviewed journals, between 2000 and July 2017. Titles and abstracts were screened for preliminary inclusion 
based on a title search and subsequent abstract review. The search was further refined according to the inclusion 
and exclusion criteria in selected papers that reported on findings relevant in relation to executive functioning 
skills in ASD and ADHD comorbid group or ADHD and ASD comorbid group: 1) Studies with ASD and ADHD 
or ADHD and ASD comorbid group; 2) assessed EF domains or skills through standardized test; 3) participants 
from 3 years to 18 years age; 4) Empirical studies.  
A detailed description of the different steps that were taken when searching the literature is provided (Figure 1).  
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Figure 1. Flow diagram of the systematic review 
Source. Adapted from Moher, Liberati, Tetzlaff, Altman, and the PRISMA Group (2009). PloS Med, 6(6). 
Copyright 2009 by the Public Library Science. 
 
2.3 Data Extraction 
Studies that met the inclusion criteria were summarized in executive function domains. Each section starts with a 
brief summary on the executive function domain followed by description of participants, assessment procedure 
and finally the main findings for comorbid group. 
2.4 Reliability and Inter-Observer Agreement 
The first author and second authors reviewed each study included in the review, independently. Studies meeting 
criteria for inclusion were scored based on EF in comorbid ASD+ADHD. Disagreements were resolved through 
discussions among all authors until a consensus was achieved.  
3. Results 
Figure 1 presents a PRISMA flow diagram depicting a summary of our selection procedure. In all, our search 
yielded 17 papers which were studied carefully for inclusion in this review. Table 1 describes the 17 studies that 
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compare executive functions deficits in children and adolescents with comorbid ASD and ADHD or ADHD and 
ASD. Reference, number of subjects, total IQ, executive functions tasks, executive function domain, key results 
comorbid group and conclusions are listed. 
 
Table 1. Previous studies that examine executive functions in children and adolescents with ASD + ADHD and 
ADHD + ASD (N= 17)  

Reference Participant: (N) 
Total 
IQ 

Executive Functions 
Tasks 

EF 
Domain 

Results comorbid group Conclusions 

Adamo et al. 
(2014) 

 

46 ADHD MA=10   

46 ASD (17 ASD +) 
MA=10 

36 TD MA=10 

 106 

109 

112 

Sustained Attention to 
Response Task (SART)

 

Attention 
ASD+ and ADHD shared 
elevated amplitudes of 
RT-ISV, ASD=TD 

ADHD and ASD+ share 
common underlying 
mechanisms of RT-ISV; 

Andersen et al. 

(2013) 

 

79 ADHD MA=11.6   

16 HFA+ MA=12.2  

22 HFA- MA=11.9 

50 TD MA=11.6 

95.6 

91.7 

102.9 

103.8 

Letter-Number test 
(LNS) from 
(WISC-IV) 

Hopkins Verbal 
Learning Test -Revised 
(HVLT-R) 

Working 
Memory 
(WM), 

Attention  

HFA+ more impaired than 
HFA-, ADHD and TD on 
verbal WM. HFA + and 
ADHD more impaired 
than TD, HFA- on delayed 
recall 

Additive effect in HFA+. 
Impaired delayed recall 
deficit in HFA+ is related 
to elevated attention 
problems 

Bühler et al.  
(2011)    

84 ADHD MA=9.7 

86 ASD MA=10.8 

52 ASD+ADHD 
MA=10.1 

97.9 

105.4 

99.0 

Inhibition: TAP; 
Go/Nogo (task of 
selective attention) 

Inhibition 

 

TAP: significant 
difference between ASD 
and ADHD. ASD+ and 
ASD with a small to 
medium effect size 

Significant difference in 
inhibition between the 
ASD and  

ASD+ADHD 

Chantiluke et al. 
(2014) 

 

18 ADHD MA=14.3   

15 ASD MA=14.3 

13 ASD+ MA= 14 

18 TD MA= 15.2  

110 

112 

110.8 

120 

Temporal discounting 
fMRI task  

 

Inhibition 

ASD+ had the most 
pronounced abnormalities 
in their brain-behaviour 
associations in key regions 
of temporal discounting 

ASD+ is not simply a 
phenocopy or an additive 
combined pathology of 
the two pure disorders  

Dajani et al. 

(2016) 

 

93 ADHD MA=9.79  

30 ASD MA =9.76 

66 ASD+ MA =10.4

128 TD MA = 10.0 

107.3 

106.1 

99.9 

115.7 

BRIEF-P Rating Scale 

NEPSY-II (Statue 
subscale) 

Backward Digit Span 
(WISC) 

BRI-MI 

Inhibition 

WM 

92% of ASD + were in the 
“impaired” class of EF. 
The “impaired” class was 
mainly composed of ASD 
+ (45%) 

ADHD symptoms in 
ASD exacerbate ASD 
symptomatology 

 

Geurts et al. 
(2008) 

53 ADHD MA=9.1 

25 HFA MA= 9.3  

32 ASD+ MA= 8.6 

21 TS MA=10    

85 TD MA=9.2 

100.8 

106.8 

99.3 

102.1 

111.6 

Simple two-choice RT 
task were derived from 
the Change Task 

 

Attention 
problems 

1-HFA and ASD + show 
greater IIV compared to 
the TD and the ADHD 
groups, 2-HFA and ASD + 
responded slower 
compared to the ADHD 
group 

Variability In ADHD is 
associated with 
comorbidity,RT 
variability being specific

to ADHD is not 
confirmed 

Gomarus et al. 
(2009) 

 

15 ADHD MA=9.8   

15 PDD MA=10.2 

15 PDDHD 
MA=10.1 

15 TD MA=10.1 

103.5 

108.6 

101.9 

107.1 

Visual selective 
memory search task. 
Electro encephalogram 
EEG (ERPs- 

event-related 
potentials)  

Selective 
Attention 

WM 

Clinical groups no differ 
on reaction times or 
number of omissions, and 
no differences in the 
number of false alarms.  

Less efficient 
WM-functioning in all 
clinical groups. Similar 
performance in clinical 
groups on WM, selective 
attention. 
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Lundervold et 
al. (2016) 

38 ADHD MA=10.0 

9 ASD MA=10.3 

11 ADHD+ASD 
MA=10.6 

134 TD MA=9.7 

78.1 

92.2 

87.1 

93.8 

The Conners’ 
Continuous 
Performance Test–
Second 

Edition (CCPT-II) 

 

Attention 

ADHD and ADHD+ did 
less well than TD, ASD on 
RT, accuracy, variability 
and consistency 

ADHD+ more similar to 
ADHD than ASD on 
CCPT 

Authors suggest 
phenotypic overlap 
between ASD, ADHD 

Neely et al. 

(2016) 

 

75 ADHD MA=7.2   

25 ADHD+ASD 
MA=7.5 

123 TD MA= 7.3 

 

- 

- 

- 

 

Digit Span Backward 
Matrix Reasoning 
(WASI) 

Test of Everyday 
Attention for Children 
(TEA-Ch) 

WM 

Inhibition 

 

ADHD+ASD did not 
differ from ADHD on EF 
tasks. Greater ASD or 
inattention were 
associated with poorer 
reasoning and inhibition.  

Children with 
ADHD+ASD are likely 
to demonstrate the EF 
deficits associated with 
ADHD alone 

Pitzianti et al. 

(2016) 

 

13 ADHD MA=10.1 

13 HFA MA=10.6 

12 ADHD+HFA 
10.2 

13 TD MA= 11 

97.4 

106 

108 

106 

Planning: Tower of 
London 

Verbal WM: Backward 
digit span; Response 
Inhibition:  

Go/ noGo Task 

Planning 

WM 

Inhibition 

Planning difficulties more 
serious in ADHD+HFA 
compared with ADHD, 
HFA; WM: ADHD+=TD 
Inhibition: no differences 
clinical groups 

The ADHD+HFA was 
impaired on measures of 
planning and 

response inhibition when 
compared with TD 

Sinzig et al. 
(2008a) 

 

30 ADHD MA=12.9   

20 ASD- MA=14.5 

21 ASD+ MA=10.7 

30 TD MA=12.8 

 102 

112 

103 

109 

 

Inhibition Go/NoGo,  

Sustained, divided 
Attention, Alertness: 
Test for Attentional 
performance  

 

Inhibition 

Attention 

Inhibition: no differences 
between TD and clinical 
groups, ADHD <TD on 
sustained and divided 
attention. ASD+ difficult 
on divided attention and 
alertness.  

There was no evidence 
that ASD+ have a 
specific profile in 
comparison to pure ASD

 

Sinzig et al. 
(2008b) 

 

20 ADHD MA=12.2 

20 ASD- MA=14.3 

20 ASD+ MA=10.9 

20 TD MA=13.1 

 

98 

112 

103 

113 

Inhibition: (TAP); 

Flexibility, WM, 
planning: Cambridge 
Neuropsychological 
Automated Test 
Battery  

Inhibition 

Flexibility 

Planning 

WM 

Inhibition: ASD+ worse 
than the TD and ASD. 
Flexibility: more difficult 
for ASD+. ASD+ 
significant correlations 
flexibility with inattention 
and stereotype behavior 

ASD + showed 
similarities to ADHD 
with inhibitory but not to 
WM deficits. 

 

 

Takeuchi et al. 
(2013) 

 

20 ADHD MA=10.3 

8 PDD- MA=11.2 

16 PDD+ MA=9.7 

60 TD MA=10.1 

98.7 

95.0 

93.9 

- 

Inhibition, WM: 
E-prime 
neuropsychological 
software  

 

Inhibition 

WM 

ADHD and PDD+ worse 
on verbal WM and 
response variability. 
Impairments in inhibition 
in 3 clinical groups.  

PDD+ is not a simple 
combination of ADHD 
and PDD in terms of 
cognitive functions.  

Tye el al. (2014) 

 

18 ADHD MA=10.4 

19 ASD MA=11.6 

29 ASD+ MA= 10.5 

26 TD MA= 10.5 

 

104.1 

115.6 

109.7 

120.0 

 

Event related 
potencials (ERPs) were 
recorded during a 
flankered 
cued-continuous 
performance test 
(CPT-OX) 

 

Attention 

Inhibition 

ADHD and ASD+ made 
more omission errors and 
had increased 
reaction-time (RT) 
variability compared to 
TD/ASD. ASD and ASD+ 
showed reduced N2 
compared to TD/ADHD  

Conceptualization of the 
co-morbid condition as a 
distinct condition 

 

Unterrainer et 
al. (2016)  

 

 

42 ADHD MA=9.83 

18 ASD MA=10.14 

23 ASD+ MA=10.17 

42 TD MA=9.76 

 94.4 

97.0 

98.8 

97.5 

The Tower of London Planning 

ASD+ showed the lowest 
accuracy in younger 
children, but similar 
performance as TD at 
older ages, suggesting 
delayed development. 

ADHD and ASD+  

showed no deficit 

in planning, caused by 
ADHD symptoms 
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Van der Meer et 
al. (2012) 

 

109 ADHD MA=9.9 

59 ADHD+ASD 
MA=11.2 

58 ASD+ADHD 
MA=11.5 

418 TD MA= 9.5  

 

104.2 

101.5 

104.2 

106.2 

Amsterdam 
Neuropsychological 
Tasks (ANT) 

Digit Span task 
(WISC) 

Attention 

WM 

Inhibition 

Flexibility 

Verbal and visual 
attention: were affected in 
all clinical classes.  

WM: deficits in both 
ADHD classes  

None of the classes 
showed problems in 
inhibition or cognitive 
flexibility 

Different ASD+ADHD 
comorbid subtypes 
exists, with overlap but 
also qualitative 
difference in cognitive 
deficits.  

 

Yerys et al. 

(2009) 

 

28 ASD MA=9.7 

21 ASD+ADHD 
MA=9.6 

21 TD MA=10.3 

 

117.3 

111.2 

116.2 

 

Behavior Rating 
Inventory of Executive 
Functions–Parent 
(BRIEF) 

Digit Span Spatial 
WM: (CANTAB) 

Walk Don’t Walk 
-TEAch 

Inhibition 
Flexibility 

WM 

BRI-MI 

BRIEF (BRI, MI, 
Inhibition and Shift): 
ASD+ADHD more 
impaired than ASD, TD. 
Lab measures of verbal 
WM, revealed that  

ASD+=ASD.No 
differences between 
groups on spatial WM, 
and inhibition 

ASD+ADHD had 
distinct EF deficit 
profiles and have an 
additive effect overall. 

ADHD symptoms in 
ASD exacerbated 
impairments in executive 
control 

Note. MA (Mean age), ADHD (Attention deficit hyperactivity disorder), ASD (Autism spectrum disorder), TD (Typical 
developmental), ASD+ (Autism spectrum disorder + Attention deficit hyperactivity disorder), PDD (Pervasive developmental 
disorder), BRI (Behavioral regulation index), MI (Metacognitive index), PDDHD (Pervasive developmental disorder and 
hyperactivity disorder), HFA (High functioning autism), TS (Tourette Syndrome), RT-ISV (Reaction time intra subject 
variability), fMRI (functional magnetic resonance imaging), WM (Working memory), TAP (Test battery for attention 
performance). 

  

3.1 Characteristics of Included Studies 
All studies involved participants with comorbid group; specifically 15 studies included children and adolescents 
with ASD, high functioning autism (HFA), or pervasive developmental disorder (PDD) and comorbid ADHD 
clinical symptoms (ASD+ADHD) and three studies included children and adolescents with ADHD and comorbid 
autism clinical symptoms (ADHD+ASD), one of them included both comorbid conditions. There were 753 
individuals with ADHD, 357 were individuals with ASD or PDD, 410 were ASD+ADHD, 96 were ADHD+ASD 
and 1.219 were typically developing individuals (TD). The participants were mostly male. Only 1/17 studies had 
not TD group and 3/17 had not ASD or ADHD group. The age of the children ranged from 6 years to 18 years, 
except one study which reported a range age for ADHD group from 4.5 to 22 years. All of the studies included 
children with IQ >78 (table 1). Assessment of EF has been based largely on laboratory neuropsychological 
measures such as computerized cognitive tests, and performance-based tests. Furthermore two and one study 
reported data from event-related potentials (ERP) and functional magnetic resonance imaging (fMRI) respectively. 
Only 2 studies included parents´ reports as the Behavior rating inventory of executive function (BRIEF) measuring 
EFs in children. Table 1 reports the measures used in the studies included in this review. The domains of executive 
functions analyzed in the studies included in the present review were as follows: attention, response inhibition, 
working memory (WM), planning, and flexibility. Eight studies examined different domains of attention problems, 
ten studies examined response inhibition, eight studies examined working memory, three studies examined 
planning, three studies examined flexibility and only one study examined a wide range of EF domains.  
3.2 Attention 
With regard to attention all included studies found more impairments in attention capabilities in comorbid 
ASD+ADHD or ADHD+ASD groups compared to TD children. Gomarus, Wijers, Minderaa and Althaus (2009) 
found no significant differences between the ASD+ADHD and both ASD, ADHD on selective attention. Five 
studies demonstrated that ASD+ADHD and ADHD groups tend to have more attention problems compared to the 
ASD group (Adamo et al., 2014; Andersen, Hovik, Skogli, Egeland, & Øie, 2013; Sinzig, Bruning, Morsch, & 
Lehmkuhl, 2008a; Lundervold et al., 2016; Tye et al., 2014). Additionally only one study found that ASD+ADHD 
and ASD groups tend to have more attention problems compared to the ADHD group (Geurts et al., 2008). Finally 
one study showed that ADHD+ASD group performed worse than ADHD group (Van der Meer et al., 2012).  
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Gomarus et al. (2009) examined the processes of selective attention in children with ADHD, ASD with or without 
hyperactivity clinical symptoms and TD with event-related potentials. No distinction between the clinical groups 
could be observed with respect to performance or ERP measures of selective attention. Tye et al. (2014) examined 
in an event-related potential study attention problems and inhibition using a flanker cued continuous performance 
test (CPT Flanker) in a neurophysiological study. Children with ASD+ADHD and ADHD showed more omission 
errors and had greater reaction time variability. Results suggested that children with ASD+ADHD had an “additive” 
profile rather having a qualitatively distinct distinctive pattern of deficits. Similarly, Lundervold et al. (2016) found 
that the ASD+ADHD group had a higher variability. Adamo et al. (2014) assessed the influence of comorbidity on 
response time intra-subject variability (RT-ISV), in children with ASD, ASD+ADHD, ADHD and TD using a 
sustained attention task. Authors revealed shared abnormalities between ADHD and ASD+ADHD. Andersen et al. 
(2013) evaluated acquisition and delayed recall in 38 high functioning autism children-HFA (age 8-17) dividing 
the HFA group into children with (HFA+) or without (HFA-) ‘‘attention problems’’ according to the Child 
Behaviour Checklist. HFA+ADHD and ADHD groups showed impaired delayed recall deficit which are related 
with attention problems. Sinzig et al. (2008a) assessed sustained and divided attention and alertness in children 
(6-18) with ADHD, ASD with or without comorbid ADHD and TD. Results demonstrated that the ASD+ADHD 
group had more false alarms on the alertness task. Authors concluded that it is not yet clear if children with ASD 
and comorbid ADHD symptoms have a specific profile. The study of Van der Meer et al. (2012) showed that the 
ADHD+ASD class performed worse than TD and ADHD groups on visuospatial task. Geurts et al. (2008) 
evidenced high ISV in children with ASD and/or ASD + ADHD and no differences between children with ADHD 
and TD on any of the RT indices. Authors suggest that RT variability in ADHD may be “overstated”. 
3.3 Response Inhibition 
Comparing EF performance between ASD, ADHD, ASD+ADHD and TD groups, three studies detected no 
statistical significant differences in inhibition response between ASD, ADHD and comorbid groups compared to 
the TD group (Sinzig et al., 2008a; Van der Meer et al., 2012; Yerys et al., 2009). No significant differences 
between clinical groups on inhibit performances were found in three studies (Neely, Green, Sciberras, Hazell, & 
Anderson, 2016; Pitzianti et al., 2016; Takeuchi et al., 2013). In three studies, ADHD and ASD+ADHD patients 
demonstrated more impairment in inhibitory control compared to the ASD patients (Bühler et al., 2011; Sinzig, 
Morsch, Bruning, Schmidt, & Lehmkuhl, 2008b; Tye et al., 2014). In one study, the ASD+ADHD group had more 
deficits on inhibition compared to other groups (Chantiluke et al., 2014). Sinzig et al. (2008a) used a Go/NoGo 
task. No significant inhibition deficits were observed in any group. Furthermore in the comorbid group results 
demonstrated associations between inattention symptoms and inhibition response. However the results suggest 
that there aren´t evidence that ASD+ADHD group has a specific EF profile in comparison to ASD only.  
Similarly Van der Meer et al. (2012) did not identify deficits with inhibition in their participants using an inhibition 
task. Authors discuss the influence of the predictable nature of the task. In their study, Yerys et al. (2009) compared 
cognitive and behavioral profiles in children with ASD, ASD+ADHD and TD. Pre-potent response inhibition was 
assessed by Walk Don’t Walk-Test of Everyday Attention for Children. Parent rating scale demonstrated decreased 
inhibition functioning in children with ASD and ASD+ADHD compared with TD children. The study of Neely et 
al. (2016) assessed by Walk Don’t Walk-Test of Everyday Attention for Children response inhibition in children 
with ADHD, ADHD+ASD and TD. There were no significant differences between children with ADHD and 
ADHD+ASD on any EF tasks. However the comorbid group performed significantly worse than the control group. 
Similarly Pitzianti et al. (2016) found the ADHD+HFA was impaired on response inhibition when compared with 
the TD group using a computerized task of Go/No-Go. Takeuchi et al. (2013) conducted research on inhibitory 
function and working memory in ADHD, pervasive developmental disorder (PDD), PDD+ADHD and TD using 
two measures of response inhibition. They noted a lack of significant differences between clinical groups using the 
Go/No-Go task. Bühler et al. (2011) and Sinzig et al. (2008b) assessed prepotent response using the Test for 
Attentional performance (TAP Go/No-Go condition). They found that the ASD+ADHD group was more impaired 
that the other clinical groups. Sinzig et al. (2008a) using the same task and the same sample as Sinzig et al. (2008b) 
did not find significant differences between all groups. Tye et al. (2014) using a CPT Flanker task found that both 
ADHD groups showed abnormal inhibitory processing. Authors suggest an additive model of ASD+ADHD. A 
fMRI study conducted by Chantiluke et al. (2014) compared the comorbid group (ASD+ADHD) and ADHD, ASD 
only disorders using a temporal discounting task. Results indicated that the comorbid group had abnormalities in 
key regions of temporal discounting.  
3.4 Working Memory 
Both verbal memory and visuospatial memory were investigated in 3/8 studies (Takeuchi et al., 2013; Van der 
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Meer et al., 2012; Yerys et al., 2009). The five studies which assessed spatial working memory (SWM) failed to 
find spatial working memory deficits in children with ASD and comorbid ADHD (Gomarus et al., 2009; Sinzig et 
al., 2008b; Takeuchi et al., 2013; Van der Meer et al., 2012; Yerys et al., 2009). Two studies used the Cambridge 
Neuropsychological Automated Test Battery (CANTAB). However, one study reported significant difficulties on 
spatial working memory in children with ADHD with comorbid ASD clinical symptoms compared to TD group 
(Van der Meer et al., 2012). Verbal working memory (VWM) was assessed in six studies. Three studies 
demonstrated that VWM was impaired in children with ASD+ADHD when compared with the TD group 
(Andersen et al., 2013; Takeuchi et al., 2013; Yerys et al., 2009). Two studies reported VWM deficits in children 
with ADHD+ASD (Neely et al., 2016; Van der Meer et al., 2012). One study indicated VWM with no impairment 
in ADHD+ASD group (Pitzianti et al., 2016) and one study found that children with ASD+ADHD did not differ 
from the other groups regarding both SWM and VWM (Van der Meer et al., 2012). The study of Andersen et al. 
(2013) assessed Verbal working memory using a letter/number sequencing task. Children with both ASD and 
ADHD showed significant impairments when compared with ADHD, ASD and TD groups. The authors concluded 
that ASD+ADHD symptoms represent an “additive” effect in which ADHD symptoms impact negatively in ASD. 
Recently Neely et al. (2016) and Pitzianti et al. (2016) evaluated verbal working memory using the Backward Digit 
Span. Neely et al. (2016) found a similar EF profile between ADHD+ASD and ADHD groups, while Pitzianti et al. 
(2016) found similar EF profile between ADHD+ASD and ASD groups. Gomarus et al. (2009) carried out a visual 
memory search task. The results did not demonstrate a significant differences between clinical groups in either, 
performance data or electroencephalography (EEG) data. The authors suggested that the demands of the task were 
not high enough to show group differences. Sinzig et al. (2008b) reported similarities between ASD+ADHD and 
ASD with regard to spatial working memory deficit. Authors discussed that comorbid ADHD symptoms don´t 
seem to play the key role in working memory. Yerys et al. (2009) didn´t find significant differences between both 
ASD groups and TD children in SWM performance. However their study demonstrated that the ASD+ADHD 
group scored significantly lower than TD children, and similar to ASD group. The results are in contrast with 
previous study (Gomarus at al., 2009), probably because of differences in task design. Takeuchi et al. (2013) 
examined both VWM and SWM. Results found more impairments in children with ADHD and ASD+ADHD in 
VWM and a relationship between ADHD symptoms (inattention) and deficits of VWM. Similarly, Van der Meer et 
al. (2012) found that ADHD symptoms associated with VWM deficits and ASD+ADHD formed “an intermediate 
group” similar to the other clinical groups regarding WM. 
3.5 Planning 
Three studies evaluated planning deficits using Tower of London (ToL) task with mixed results. Sinzig et al. 
(2008b) using a computerized test of spatial planning based upon the ToL found a trend toward longer planning 
times in ASD children without ADHD compared to children with ADHD only and TD group. ASD+ADHD group 
had a longer test duration than TD group (d=0.6). However there were no significant differences for any of the 
tasks impeding strong conclusion in part because of differences in IQ and age between groups. Pitzianti et al. (2016) 
found that planning difficulties were more serious in the ADHD+ASD group when compared with the other 
clinical groups. Specifically, results indicated significant differences between clinical groups and the control group 
in ToL total scores and ToL total time. Significant differences were also found between the ADHD group and the 
HFA group in ToL total time but not in ToL total scores, between the ADHD group and the comorbid ADHD+HFA 
group in ToL total time but not in ToL total scores, and between the HFA group and the comorbid ADHD+HFA 
group in ToL total scores but not in ToL total time. Unterrainer et al. (2016) investigated planning in 83 children 
with ASD, ADHD, ASD+ADHD, and typically developing children using the ToL. Results found children with 
ASD+ADHD were more impaired and less accurate at younger ages but comparable to other groups at older ages. 
Authors suggests a developmental delay that is more robust in the ASD+ADHD group. 
3.6 Flexibility 
Flexibility involves transitioning from one thought to another, shifting successfully from one task to another, and 
using flexible problem solving in a variety of contexts (Lawson et al., 2015). Three studies evaluated flexibility 
problems (Sinzig et al., 2008b; Van der Meer et al., 2012; Yerys et al., 2009). Sinzig et al. (2008b) assessed the 
ability to attend to specific attributes of stimuli, shifting attention from one attribute to another when required 
using an intra dimensional/extra dimensional shift task. Results showed no statistically significant differences 
between any of the groups. Although, there were more difficulties in comorbid group (ASD+ADHD). They made 
more errors and needed more time for the task compared to the ASD group and TD group, but completed more 
stages than TD children. Authors suggested that one of the reasons might be the high proportion of children with 
Asperger syndrome in the sample. Similar results found Van der Meer et al. (2012) using a cognitive flexibility 
task from the ANT program. The tasks was used for assessed Inhibition and flexibility. Non of the groups showed 
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problems in cognitive flexibility. Authors suggested that one reason might be the predictable nature of the task. 
Conversely, Yerys et al. (2009) reported that the ASD+ADHD group was more impaired than ASD and TD groups 
on the Behavior rating inventory of executive function (BRIEF).  
3.7 EF Profiles 
Analyzing a wide range of EF domains, Dajani, Llabre, Nebel, Mostofsky and Uddin (2016) identified distinct 
profiles of EF across ADHD, ASD, ASD+ADHD and TD children using a latent profile analysis with indicators of 
EF. The EF was examined using The Behavior Rating Inventory of Executive Function (BRIEF-parent form) and 
neuropsychological measures such as “statue subtest” (inhibit responses) from The Developmental 
Neuropsychological Assessment (NEPSY-II) and backward digit span test (working memory). The results pointed 
that 92% of children in the ASD+ADHD group were in the “impaired EF class”. In comparison, only 47% of 
children with ASD and 63% of children with ADHD were in the “impaired class”. Authors discuss the need to take 
ADHD and ASD symptomatology into account when assessing EF abilities in children. 
4. Discussion 
The main research aim of this study is to provide an update on the executive functions in ASD and ADHD 
comorbidity. Findings presented provide evidence for executive dysfunctions across different key components 
(Attention, response inhibition, working memory, planning and flexibility) in children and adolescents with ASD 
and comorbid ADHD clinical symptoms.  
Most of the studies reported that attention deficits are more severe in children with ASD+ADHD and children with 
ADHD than children with ASD and typical developing. Moreover, examining different attentional constructs, 
children with ASD+ADHD differed from TD children especially on sustained attention and alertness (Adamo et al., 
2014; Andersen et al., 2013; Sinzig et al., 2008a; Lundervold et al., 2016; Tye et al., 2014). Some studies evidence 
that the comorbid group is the group with the most pronounced brain function abnormalities (Chantiluke et al., 
2014) and more impaired on daily-life executive functioning (Dajani et al., 2016). Similarly, studies that had 
focused on response inhibition report that ADHD and ASD+ADHD patients show more dysfunction on inhibitory 
control compared to the ASD patients (Bühler et al., 2011; Sinzig et al., 2008b; Tye et al., 2014). In addition, even 
studies that do not find differences between the clinical groups on response inhibition suggest a tendency of 
decreased performance in the comorbid group (Neely et al., 2016; Pitzianti et al., 2016; Takeuchi et al., 2013). In 
contrast few studies show no differences between control group and clinical groups (Sinzig et al., 2008a, but see 
Sinzig et al. (2008b); Van der Meer et al., 2012; Yerys et al., 2009), but results from BRIEF show a worse 
inhibition functioning in children with ASD and ASD+ADHD compared with TD children. Additionally, findings 
from literature review evidence more deficits in children with ASD+ADHD on verbal working memory than 
spatial working memory, that seem to be intact.  
Moreover, some studies report children with ADHD+ASD or ASD+ADHD demonstrate similar deficits to ADHD 
in spatial working memory and verbal working memory. In contrast, others have found children with ADHD+ASD 
do not differ from typically developing children on spatial working memory or verbal working memory. Few 
studies have focus on planning and flexibility EF domains comparing a comorbid group (ASD+ADHD or 
ADHD+ASD) with TD, ADHD, ASD groups. Only two studies report inferior performance in the comorbid group 
compared with TD group on planning tasks (Pitzianti et al., 2016; Unterrainer et al., 2016). On the other hand three 
studies analyzed the flexibility domain. Only one study found shift impairments in children with ASD+ADHD 
compared to TD and the other clinical groups using the BRIEF (Yerys et al., 2009). The current studies of EF in 
children with ASD+ADHD or ADHD+ASD are limited by the small sample of subjects tending to be biased 
towards males, and cross-sectional designs which constrains the interpretation of findings. Additionally, some 
studies span broad age ranges, including children aged 6 years to adults of 18/22 years, comprising multiple critical 
periods for EF development. Finally, with regard to measurement, the wide range of tools employed across studies 
limits the generalization of results. 
This review highlights the fact that performance in neuropsychological tests may not reveal differences in the 
neurocognitive processes underlying the clinical diagnosis. It would be useful to combine neuropsychological test 
of EF with ecologically valid parent/self-report measures of EF, which would provide a more comprehensive 
evaluation of EF domains in a less structured setting. Moreover, cognitive science literature suggests that 
performance-based and rating measures of executive function capture different cognitive levels of analysis groups 
(see review of Toplak, West, & Stanovich, 2013).  
5. Conclusion 
In summary, results suggest that a possible differentiation in EF profile between comorbid group and ADHD or 
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ASD is hard to find and it´s an open question to future research. Although it is not possible to extract strong 
evidence for the EF profiles in ASD+ADHD comorbid group, studies supports the notion that children and 
adolescents with ASD and ADHD often shows overlap with some clinical symptoms of ASD and ADHD. 
However the question of whether combined ASD and ADHD symptoms represents a distinct phenotype or merely 
overlapping phenotypes remains still unclear. This may agree with clinical practice, where differential diagnosis is 
a subject of discussion (Antshel, Zhang-James, Wagner, Ledesma, & Faraone, 2016). The findings of this review 
have implications for educational practice, alerting professionals of the need to include EF in the evaluation 
process of EF deficits in ASD and comorbid ADHD children. It is a relevant because children with differing EF 
profiles will likely respond differently to interventions. EF influences the sociopersonal adaptation throughout the 
life cycle and has been shown that with the training they improve the academic and social skills.  
Because executive dysfunction is a central limitation in ADHD, there have been several studies that have been 
proposed to analyze the effects of cognitive training with promising results (see meta-analysis by Cortese et al., 
2015). In ASD, the studies that have studied the repercussions of cognitive training are more scarce. For example, 
it has been found that the estimates of parents and teachers of change and planning/organization of the BRIEF are 
normalized with the implementation of a cognitive-behavioral intervention in the school, which focused on 
flexibility and planning (Kenworthy et al., 2014). In the same line, very promising results have been reported, 
emotional control, working memory, planning and monitoring with children with high functioning autism with a 
program in the school for the development of social competence in adolescents (Stichter, Herzog, Owens, & 
Malugen, 2016). To our knowledge the only work that has studied the impact of executive function training on 
ASD+ADHD found improvement in attention, impulsivity sympstoms and academic achievement in children and 
adolescents with ASD and comorbid ADHD (Weckstein, Weckstein, Parker, & Westerman, 2017). 
Further studies should provide a broader insight about underlying EF profile associated with both ASD and ADHD 
which help to design more personalized treatment approach.  
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