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Abstract

Background: Both ADHD and learing disorders have been found to be associated with executive dysfunctions; the
executive functions’ (EFs) construct generally involves a series of components—planning, cognitive flexibility, inhibition,
attention control, and verbal and visuo-spatial working memory—that work independently in many ways but are closely
related. There were no significant studies comparing both disorders and excluding the drug’s effects on executive
functions. In our study, we used BDEFS-CA to assess executive functions among a sample of 340 children divided in to four
groups: group 1 (100 children), ADHD only; group Il (80 children), LD only; group Il (60 children), combined ADHD and LD;
and group IV (100 children), control group. We included children aged from 6 to 13 of both sexes of average IQ and all had
to be drug naive with no sensory impairment or disabling neurological disorder and after their parents’ consent.

Results: The results showed that there was significant higher affection of the five executive functions domains in the first
three groups more than the fourth control group. Furthermore, the self-restraint (response-inhibition) executive dysfunction

were the most commonly affected EF in the LD group.

Keywords: Executive functions, ADHD, Learning disability

was the most commonly affected EF in group | while time management EF and self-regulation and problem solving EF

Conclusions: Complete executive function profile assessment should be done for children diagnosed with ADHD or
learning disability and EF intervention program should be included in the management plan for better outcomes mainly
self-restraint EF in case of ADHD and problem solving and self-organization EF in case of learning disabilities

Background
Both attention deficit hyperactivity disorder ( ADHD) and
learning disorders (LD) have been found to be associated
with executive dysfunctions; the executive functions’ (EFs)
construct generally involves a series of components—plan-
ning, cognitive flexibility, inhibition, attention control, and
verbal and visuo-spatial working memory—that work in-
dependently in many ways but are closely related [1].
Neuropsychological studies of executive functions in
ADHD found that children and adolescents with ADHD
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exhibited significant deficits compared to those without
ADHD in neuropsychological measures of EFs (inhibi-
tory control, vigilance, planning, verbal and spatial work-
ing memory, and cognitive flexibility) [1].

Cognitive deficits particularly impairments in attention
and executive functions are considered to be a core part
of ADHD (Barkley, 1997) and are thought to play a,
major role in the difficult adaptation of ADHD [2].
These dysfunctions have been shown to be independent
of psychiatric comorbidity associated with ADHD [2].

According to the Indian Psychiatry Society guidelines,
learning difficulty is a mild form where the child has
only mild difficulty in particular areas such as reading or
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writing, and on standardized testing of achievements may
not be substantially below the expected level, whereas in
LD the child has substantial difficulty and is evident on
standardized testing, and the difficulty can be overcome to
a significant extent by remedial education. These guide-
lines define learning disability when the child has severe
difficulty in particular areas that are evident on standard-
ized test of achievement, and in spite of adequate thera-
peutic efforts, there may not be any significant
improvement. So it is more like a spectrum of increasing
severity from learning difficulty to disability [3].

Research has provided numerous indications that specific
learning disabilities are associated with working memory
impairments; further evidence suggests that these children
also experience deficits in central executive functioning.
However, relatively few reports exist with regard to impair-
ments of the visual-spatial working memory of children
with reading disabilities [4]. Empirical findings on children
with specific arithmetic learning disabilities are also avail-
able for all three domains of working memory. Here the
central executive seems to be particularly impaired [5].

The research reviewed thus far has indicated that EF
may influence reading development from preschool
throughout the school years. In particular, prereading
skills are related to inhibition and cognitive flexibility;
word-reading proficiency is related to working memory,
inhibition, shifting, updating, and attentional control; and
reading comprehension is associated, at the very least,
with planning, working memory, and inhibition. These
findings are promising and point to the important role of
EF in reading acquisition [6].

Recent research suggests that executive function skills,
which include monitoring and manipulating information
in mind (working memory), suppressing distracting infor-
mation and unwanted responses (inhibition), and flexible
thinking (shifting), play a critical role in the development
of mathematics proficiency [7].

Skilled writing is a self-directed activity, which is driven
by the goals that writers set for what they want to do and
say. To meet these goals, the writer must skillfully and
flexibly (i.e., thoughtfully) apply and coordinate a variety
of resources, including strategic processes (i.e., mental op-
erations for planning, drafting, and revising), knowledge
(e.g., about the topic, the intended audience), and skills
(handwriting, spelling, sentence construction). The suc-
cess of this enterprise rests on careful analysis (e.g., deter-
mining the demands of the writing task) as well as
decision making and planning (e.g., determining a suitable
approach to tackling the writing problem). The entire
process places considerable demands on the writer’s atten-
tion, as it requires simultaneously juggling or coordinating
a number of constraints and processes [8].

Although it is known that rating scales and clinical re-
ports of how the person manages everyday tasks are far
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more sensitive and valid diagnostic indicators than la-
boratory tests or performance-based tasks of EF, but
most of studies done used the laboratory tests, also due
to the high comorbidity between ADHD and learning
disabilities. There were no significant studies comparing
both disorders and excluding the drug’s effects on ex-
ecutive functions.

Also in spite of the fact that children with ADHD
benefit from working memory training program and the
good response of children with reading disorders to ex-
ecutive functions training program, still a very few stud-
ies has compared the deficits of executive functions in
ADHD and learning disabilities.

Therefore, the objective of our study was to study EF
domains affected in ADHD and LD as in spite of pro-
gress in understanding ADHD and LD still their relation
with EF is not fully elaborated.

Methods

Study design: comparative case-control study

Study setting

This study was carried out on children attending the Child

and Adolescent Psychiatry Outpatient Clinic - El Hadara

University Hospital from May 2016 till December 2017.
The studied children (drug naive, of normal intelligence,

both gender from 6-13 years old) were subjected to:

I) History taking
II) Physical and neurological examination
III) Psychiatric assessment

Using the semi-structured clinical interview Kiddie
schedule for affective disorder and schizophrenia (K-
SADS) which use Diagnostic and Statistical Manual IV (
DSM-IV-TR) criteria for diagnosis [9].

The typical sheet revised by the Alexandria University
staff members and applied in El Hadra outpatient clinic
was used.

IV) Psychometric assessment:

A) Intelligence quotient (IQ) testing using Stanford
binnet test [10].

B) Conner’s parent rating form for ADHD severity
assessment [11].

C) Barkley Deficits In Executive Functioning
Scale—Children and Adolescents (BDEFS-CA) [12].

It was chosen as it provides a valid assessment of ex-
ecutive functioning deficits in daily life activities with an
age range of 6 to 17 years.
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Format: Parent-report rating scale (long form). The
scale was translated into Arabic version then revised
with a jury of 2 psychiatry professors and 1 linguistic
specialist; then, it was tested for its reliability regarding
Arabic language using Cronbach’s alpha

The prototype of (BDEFS-CA) was largely based on an
earlier theory of executive functions and its five con-
structs and their specific adaptive purposes as well as
the larger literature on the nature of EF and the rich and
lengthy history of descriptions of the symptoms of pa-
tients with PFC injuries. Items were developed to reflect
inhibition, nonverbal working memory (self-directed
sensing, especially visual imagery, sense of time, and
time management), verbal working memory (self-di-
rected private speech, verbal contemplation of one’s be-
havior before acting, etc.), emotional-motivational self-
regulation (inhibiting emotion, motivating one’s self dur-
ing boring activities, etc.), and reconstitution (planning,
problem-solving, and goal-directed inventiveness). Ac-
cording to this theory, the constructs are interactive and
serve the overarching purpose of self-organizing behav-
ior across time to prepare for and attain future goals,
The scale items focused on problematic symptoms (def-
icit measurement) rather than on positive or normative
EF functioning. The long forms of the BDEFS and the
BDEFS-CA are scored by calculating the totals for each
of the five scales: Self-Management to Time, Self-
Organization and Problem-Solving, Self-Restraint, Self-
Motivation, and Self-Regulation of Emotion. Addition-
ally, the instrument yields a total executive functioning
summary score (the total of the five scales), symptom
count (number of items rated as occurring often or very
often), and an ADHD-executive function index score
(with higher score indicating greater likelihood for a
clinical diagnosis of ADHD). The short form versions of
the BDEFS, intended for quick screening, are scored to
yield a total executive functioning summary score. The
manuals indicate that results from the BDEFS and
BDEFS-CA can be interpreted using four different ap-
proaches by (1) interpreting the meaning of each scale
separately by identifying high subscale scores and indi-
vidual items; (2) making normative comparisons (per-
centile scores based on sex and age group); (3)
conducting risk analysis to aid in clinical interpretation
with respect to major domains of life activity beyond the
BDEFS subscales; and (4) assessing change in patients
resulting from treatment. Similar to the BDEFS adult
form, reliability of the scale scores is quite satisfactory as
evidenced by high internal consistency (Cronbach’s
alpha ranging from .95 to .97). There is evidence of high
test-retest reliability (ranging from .73 to .82 across
scales and .82 for the total EF summary score) over a 3—
5-week interval based on a subset of the normative sam-
ple. Validity of the scale scores was evident in numerous
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analyses including factor analyses and correlations with
other rating scales of EF. It was also evident in correla-
tions, regression analyses, and group comparisons con-
cerning disorder discrimination and concurrent validity
with various measures of functional impairment in major
life activities such as family functioning, peer relations,
education functioning, community activities, and risk for
accidental injuries.

A sample size of 120 children were required to esti-
mate an average difference in executive functions using
alpha error = 0.05 and to provide a study power of 80%.
Random sampling was adopted and a total of 340 chil-
dren were recruited and divided into four groups ac-
cording to their diagnosis:

Group (I): 100 children diagnosed with attention-
deficit and hyperactivity disorder only.

Group (II): 80 children diagnosed with learning dis-
order only.

Group (III):60 children diagnosed with combined
attention-deficit hyperactivity disorder and learning dis-
abilities disorder.

Group (IV): 100 normal children with matching age,
sex, and educational level were taken as a control group.

Results
Please see Tables 1, 2, 3, and 4 for the results.

Discussion

Time management EF

In our work, time management was found to be the sec-
ond most significantly affected executive function in
learning disability affecting 81% and also in the com-
bined group (group III) affecting 90% of them.

This is similar to the results of a recent study by Sharfi
K and Rosenblum (December 2016) on executive func-
tions in learning disabilities which concluded that Defi-
cits in initiation and emotional executive functions as
well as organization in time abilities and emotional re-
sponses to impairments in organizing time. These defi-
cits affected the quality of life of adults with LD [13].

Time management was also significantly affected in
the ADHD group in 70% of children with no significant
difference between affection in the three subtypes of
ADHD. Also it was significantly affected in the com-
bined group (ADHD and LD) in 81%, similar to the
present results of Hosenbocus and Chahal [14] who
found that many of the executive dysfunctions are found
in children with ADHD including difficulties with prior-
ity and time management, planning and organization,
initiating and completing tasks in a timely manner, diffi-
culty shifting cognitive set, a high level of procrastin-
ation, forgetfulness, and poor working memory [14]
(Figs. 1, 2, and 3).
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Table 1 Comparison between the different studied groups according to different executive functions domains
Group | (n = 100) Group Il (n = 80) Group Il (n = 60) Group IV (n = 100) Xz p
No. % No. % No. % No. %
Time management EF
No 43 43.0 15 188 6 10.0 98 98.0 163.379* < 0.001*
Yes 57 57.0 65 813 54 90.0 2 20
o < 0.001* < 0.001* < 0.001*
Sig. bet. grps. p> = 0.001%, p3 < 0.001% ps = 0.151
Problem solving and self-organization EF
No 59 59.0 15 18.8 15 250 99 99.0 143.325*% < 0.001*
Yes 41 410 65 81.3 45 750 1 1.0
o8 < 0.001* < 0.001* < 0.001*
Sig. bet. grps. p> < 0.001% p3 < 0.001% py = 0372
Self-restraint executive function
No 7 70 59 738 26.7 99 99.0 200.533* < 0.001*
Yes 93 93.0 21 263 733 1 1.0
P < 0001% < 0001* < 0001*
Sig. bet. grps. p> < 0.001% p3 = 0.001%, ps < 0.001*
Self-motivation EF
No 40 40.0 34 425 26.7 98 98.0 108431* < 0.001*
Yes 60 60.0 46 57.5 733 2 20
o} < 0.001* < 0.001* < 0001*
Sig. bet. grps. p> = 0.735, p3 = 0.087, p, = 0.053
Emotional regulation EF
No 27 27.0 43 538 26.7 96 96.0 118.212* < 0.001*
Yes 73 730 37 463 733 4 4.0
o8 < 0.001* < 0001* < 0.001*
Sig. bet. grps. p> < 0.001% p3 = 0.963, p, = 0.001*

*Statistically significant

Again, time management was significantly associated
with other psychiatric comorbidities including most
commonly nocturnal enuresis or delayed language was
found in 81% of children, then mood and anxiety disor-
ders in 78% of children and disruptive behavior disor-
ders in 75% of children but with no significant
association with epilepsy; this might be related to the
compound effect of multiple comorbidities adding to a
child disturbed mentality and cognition.

Problem solving (self-organization) EF

In the present study problem solving was the most signifi-
cantly affected EF in learning disorder group before and
after the exclusion of children with other psychiatric co-
morbidities affecting 81% of children. Also problem solv-
ing was significantly affected in combined group affecting
76% in agreement with the results found by Mccann [15]
using the BRIEF-Parent report that children with dyslexia
received significantly higher (reaching more clinical levels)

scores than matched controls on the BRIEF Working
Memory, Plan/Organize, and Monitor Scales [15].

Also, problem solving was related to other psychiatric co-
morbidities confirmed by multivariate regression analysis as
a risk factor(OR = 3.98, CI 1.5-10.2) including epilepsy as it
was affected in 100% of the epileptic children followed by
disruptive behavior disorders in 67% of children and mood
and anxiety disorders in 62% of them but no significant as-
sociation with (nocturnal enuresis or delayed language).
Similarly a study using standard performance-based neuro-
psychological measures (Wechsler Intelligence Scale for
Children, Delis Kaplan Executive Functioning System, NIH
Toolbox, Test of Everyday Attention for Children) and the
Behavior Rating Inventory of Executive Functioning
(BRIEF) comprised the multi-method assessment battery.
Depending on the measure, 30% of adolescents with epi-
lepsy had deficits in working memory, 17% in cognitive
flexibility/problem solving, 6% in inhibition, and 18% in
planning/ organization. Attention was a significant problem
for 15% of adolescents with epilepsy [16].
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Table 2 Relation between EF and different ADHD subtypes

Diagnoses X P
Combined ADHD (n = 45) Hyperactive ADHD (n = 32) Inattentive ADHD (n = 23)
No. % No. % No. %
Time management EF
No 20 444 13 40.6 10 435 0.144 0.945
Yes 25 556 19 594 13 56.5

Problem solving and self-organization EF

No 26 578 21 65.6 12 522 1.051 0.591
Yes 19 422 " 344 " 478
Self-restraint executive function
No 1 22 3 94 3 130 3.388 MCh = 0.171
Yes 44 97.8 29 90.6 20 87.0
Self-motivation EF
No 15 333 17 53.1 8 348 3.391 0.184
Yes 30 66.7 15 469 15 65.2

Emotional regulation EF
No 13 289 6 188 8 34.8 1.893 0.388
Yes 32 71.1 26 813 15 652

Table 3 Relation between other comorbidities and executive function among the studied children

Comorbidity e P
No comorbidity ~ Nocturnal enuresis and Mood or anxiety Disruptive behavior Epilepsy
(n =203) delayed language (n = 37)  comorbidity (n =37) comorbidity (n =45) (n=18)
No. % No. % No. % No. % No. %
Time management EF
No 124 61.1 7 189 8 216 [ 244 12 667 49303 < 0.001*
Yes 79 389 30 81.1 29 784 34 756 6 333
o8 < 0.001* < 0.001* < 0.001* 0.641
Problem solving and self-organization EF
No 142 70.0 17 459 14 378 15 333 0 0.0 54.552% < 0.001*
Yes 61 300 20 54.1 23 62.2 30 66.7 18 1000
o8 0.005* < 0001* < 0.0071* < 0.001*
Self-restraint executive function
No 146 719 13 35.1 12 324 6 133 4 222 75.506* < 0.001*
Yes 57 281 24 64.9 25 67.6 39 86.7 14 778
o < 0.001* < 0.001* < 0.001* < 0.001*
Self-motivation EF
No 146 719 9 243 13 35.1 15 333 5 278  57434% < 0.001*
Yes 57 28.1 28 757 24 64.9 30 66.7 13 72.2
o < 0.001* < 0.001* < 0.001* < 0.001*
Emotional regulation EF
No 168 82.8 8 216 3 8.1 1 2.2 2 1.1 176.191* < 0.001*
Yes 35 17.2 29 784 34 91.9 44 97.8 16 88.9
o8 < 0.001* < 0001* < 0.0071* < 0001*

*Statistically significant
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Table 4 Relation between accidents and executive function
among the studied groups

Accidents i'e p
<2 (n=324) >2(n=16)
No. % No. %
Time management EF
No 162 50.0 0 0.0 15.281* <0.001*
Yes 162 500 16 100.0

Problem solving and self-organization EF

No 179 55.2 9 56.3 0.006 0.937
Yes 145 448 7 438

Self-restraint executive function
No 179 55.2 2 125 11.191% 0.001*
Yes 145 448 14 87.5

Self-motivation EF
No 180 556 8 50.0 0.190 0.663
Yes 144 444 8 50.0

Emotional regulation EF
No 173 534 9 56.3 0.050 0.823
Yes 151 46.6 7 438

*Statistically significant

This higher percent we found of problem solving execu-
tive dysfunction in case of comorbid epilepsy (100% com-
pared by other studies (30-50%) may be explained by the
fact that most of epilepsy cases referred to our child
psychiatry clinic were of frontal lobe epilepsy subtype.
There have been numerous reports of impaired executive
functions in this population [17] referred for us for man-
agement of behavioral symptoms while other classical epi-
lepsy subtypes are usually referred to our Epilepsy clinic.
Also children with comorbid ADHD and epilepsy were
not on antiepileptic; untreated epilepsy was proved in a
study done on 247 untreated epileptic patient on 2012 to
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be related to more executive dysfunction (> 50% of un-
treated epileptic patients) [18]. Moreover, the fact that our
study was done on children so those with early onset epi-
lepsy which was proved by Black [19] on his study on 216
patient which proved that earlier onset was associated
with higher executive function deficit.

Self-restraint EF (inhibition)

In our work, self-restraint was significantly affected in
children with ADHD before and after exclusion of chil-
dren with other comorbid psychiatric disorders affecting
93% of children (there was no significant difference in all
EF affection between three subtypes of ADHD as found
by previous studies [20] and 76% of children with com-
bined (ADHD and LD) and this result repeated previous
study findings and agrees with the body of research
showing that executive dysfunction in the form of im-
paired response inhibition remains the most prominent
cognitive theory of ADHD [21].

The present work also found that Self-restraint was not
significantly affected in the children with LD affecting only
26% before excluding other comorbidities and only 20 %
after excluding them. While recent research suggested
that executive function skills, which include monitoring
and manipulating information in mind (working memory),
suppressing distracting information and unwanted re-
sponses (inhibition) and flexible thinking (shifting), play a
critical role in the development of mathematics profi-
ciency, this difference might be justified by the smaller
sample size of math disorder in our study.

This study showed a significant association between self
-restraint and other psychiatric comorbidities mainly dis-
ruptive behavior disorders to be affected in 87% of children
then epilepsy to be affected in 78 % of children, and mood
and anxiety disorders nocturnal enuresis to be affected in
68% and 66% respectively, this finding was similar to a
study showing that oppositional defiant disorder (ODD)/

ADHD Inattentive
23
23.0%

ADHD
Hyperactive
32
32.0%

Fig. 1 Distribution of ADHD subtypes in group |

ADHD Combined
45
45.0%
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conduct (CD) but not ADHD was related to hot EF based
on increased risky decision-making in the Iowa Gambling
Task. ODD/CD was also independently related to aspects
of cool EF independently of ADHD, namely slower speeds
of inhibitory responding and increased intra-subject vari-
ability [22].

Self-motivation EF
The present work showed that self-motivation was sig-
nificantly affected in the three groups affecting 73% of

the combined group, 60% of the children with ADHD,
and 57.5 % of children with LD.

Male sex was a significant risk factor for self-
motivation executive dysfunction (OR = 0.3, CI 0.1-
0.8), opposite to our finding. An Egyptian study by
Amer et al. [23] showed that no robust differences in
EF can be attributed solely to sex and that reading
and metacognitive reading dysfunctions showed no
gender difference; this difference can be explained by
different sample size (60), different methodology using
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Wisconsin Card Sorting Test (WCST) and also that
most of our sample were of the male gender.

Emotion regulation EF

The present study showed that emotion regulation was sig-
nificantly affected in children with ADHD and children
with combined ADHD and LD group affecting 73% of each;
this finding might explain the emotional liability symptom
associated with ADHD. One study [24] showed that 80% or
more of adults with ADHD report significant levels of emo-
tional liability, often severe, and causing impairments
beyond that accounted for by inattention, hyperactivity or
impulsivity and drug treatments for ADHD have all been
shown to improve symptoms of emotional liability.

Moreover emotion regulation was significantly related
to other psychiatric comorbidities which was found to be
a risk factor for emotion regulation executive dysfunction
(OR = 12, CI 3-46), this came as an answer for Surman’s
question; Is Emotion liability in Adult ADHD due to Co-
morbidity? But could not answer it due to limited assess-
ment of comorbidity contribution to emotional symptoms
to date [25]. We assume based on the results of our study
that the answer is Yes, as the emotion regulation executive
dysfunction dropped after exclusion of children with other
psychiatric comorbidities to be affecting only 37 % of
ADHD only group and 30% of the combined group.

The psychiatric comorbidity which was most signifi-
cantly affecting this EF was disruptive behavior disorders
(including ODD and Conduct disorder) to be present in
98% of them followed by mood and anxiety disorders af-
fecting 92% of them then epilepsy affecting 89% of them
and lastly those with history of (nocturnal enuresis or
language delay) affecting 79% of them. Also some studies
concluded that major depressive disorder (MDD) has
been associated with executive dysfunction and related
abnormal prefrontal ability while other others showed
that the status of EF in anxiety disorders and in co-
morbid depression and anxiety remain unclear [26].

Limitations of the study

The executive function assessment depended solely on par-
ents reports using the Barkley Deficits in Executive Func-
tioning Scale—Children and Adolescents (BDEFS-CA).

Conclusion

Results support our primary hypothesis in finding chil-
dren with pure ADHD or pure learning disorders or
both combined to exhibit more executive dysfunction
than children of the control group.

Group I (ADHD GROUP) with its three sub types sep-
arately (inattentive, hyperactive and combined) showed
significant relation to self-restraint executive dysfunction
followed by emotion regulation executive dysfunction
while in group II (LEARNING DISORDER GROUP)
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problem solving followed by time management showed
to be significantly dysfunctional. It was found that recur-
rent accidents are significantly related to time manage-
ment executive dysfunction. Therefore, EF should be
assessed and managed for improving children welfare.
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