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Executive Function Problems and Treatment in
Children and Adolescents with Attention Deficit and

Hyperactivity Disorder
Dikkat Eksikligi ve Hiperaktivite Bozuklugu Olan Cocuk ve
Ergenlerde Yiiriitiicii Islev Sorunlari ve Tedavisi
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Abstract

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder seriously affecting
home, school, and social functioning of children and adolescent. In recent years, hypotheses have
been revealed that the underlying cause of ADHD is related to executive function impairments. As a
conse-quence of these hypotheses, executive dysfunctions shown in ADHD have started to be evalua-
ted through both performance-based measures and scales based on parents and teachers. There are
many methods for assessing executive function in ADHD. Also, there are several pharmacological and
non-pharmacological treatment approaches available in the treatment of executive function prob-
lems among patients with ADHD. The aim of this article is to review the impact of executive function
in ADHD and its treatment.
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0z

Dikkat Eksikligi Hiperaktivite Bozuklugu (DEHB) cocuk ve genclerin evleri, okullan ve toplumsal
islevselligini ciddi bir sekilde etkileyen nérogelisimsel bir bozukluktur. Son yillarda DEHB'nin altta
yatan sebebinin yiiriitiici islev bozuklugu ile ilgili oldugu hipotezler ortaya konulmustur. Bu hipo-
tezlerin sonucu olarak hem performansa dayali dl¢imlerle, hem de ebeveyn ve dgretmenlere dayali
Olcekler araciigiyla DEHB'de hangi yiiriitiicii islev bozukluklarinin - gériildigii arastinlmaya
baslanmistir. DEHB'de yiiritiicii islev sorunlarinin degerlendirilmesinde bircok yontem bulunmaktadr.
Ayrica, DEHB'ye yiiritiicii islev sorunlarinin eslik ettigi durumlanin tedavisinde uygulanan bazi ilag ve
ilag digi tedavi yaklagimlari mevcuttur. Bu yazinin amac, DEHB'de yiiriitiicii islev sorunlan ve te-
davisini gozden gegirmektir.

Anahtar sozciikler: Dikkat eksikligi ve hiperaktivite bozuklugu, yiritiicii iglevler, tedavi.
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ATTENTION DEFICIT HYPERACTIVITY DISORDER (ADHD) is a heter-
ogeneous neuropsychiatric disorder characterized by inattention, hyperactivity and
impulsivity, incompatible with age and development level, early onset and persistent in
life (American Psychiatric Association 2013). Clinical symptoms can change with
development in individuals with ADHD. ADHD, commonly known as childhood
disorder, is a developmental disorder. The disorder continues in adulthood after child-
hood and adolescence (Tannock 1998). Parents of children with ADHD diagnoses
often state that their children are hyperactive from the time of their infancy (Bussig et
al. 2006). It has been reported that children with ADHD during school age are more
likely to have impaired academic functioning, lower school achievement, and higher
grade repetition rates than those without ADHD (Biederman et al. 1999).

ADHD is common disorder in childhood and it has been reported rates ranging
from 1.0% to 20.0% in worldwide studies. Worldwide combined prevalence of ADHD
was 5.29% in systematic review and meta-regression analysis of ADHD epidemiology
studies conducted worldwide between 1978 and 2005 (Polanczyk et al. 2007). The
prevalence of ADHD in Turkey has found 13.4% (Ercan 2010). In addition, studies
have shown that ADHD is seen more frequently in males than females. Community-
based studies have shown that the ratio of boys / girls changes between 1/1 and 3/1,
whereas clinical-based studies show that this ratio increases to 9/1 (Skounti et al. 2007).

It is known that many genetic, environmental, and biological factors play a role in
the etiology of ADHD (Oncii ve Senol 2002). The leading role in etiology has been
shown to play a role in genetic factors and to be highly inheritable in the formation of
ADHD (Akgtn et al. 2011). In imaging studies, prefrontal cortex, caudate nucleus,
globus pallidus, corpus callosum, and cerebellum volume were found to be decreased in
individuals with ADHD (Castellanos et al. 2001). Although ADHD is one of the
diseases with high inheritability, it has been suggested that environmental factors also
contribute to the development of impairment. Responsible environmental factors in-
clude prenatal substance exposure, heavy metal / chemical exposure, nutrition, and
psychosocial factors (Froehlich et al. 2011). In studies, it was found that there was a
significant relationship between low birth weight, fetal alcohol exposure, maternal
smoking, and polychlorinated biphenyl (PCB) exposure of the child and ADHD, but
no significant relationship was found between other environmental factors and ADHD
(Banerjee et al. 2007).

Structural MRI studies on ADHD have shown that there is a reduction in volume
of splenium, corpus callosum, and right caudate nucleus, total or right cerebral, posteri-
or or inferior cerebellar including several prefrontal regions. Subcortical limbic areas
such as insula, amygdala and thalamus were found to have cortical thickness and gray
matter abnormalities. It has been shown that impairments in the fronto-striatal and
fronto-cerebellar connections leading to executive dysfunction in the patients (Rubia et
al., 2014).

In this article, it is aimed to evaluate the results of the studies conducted on the di-
agnosis, evaluation and treatment of executive function in ADHD. In addition to the
core symptoms defined in the diagnostic guidelines in ADHD cases, evaluation in
terms of difficulties in executive functions may also contribute to the management of
cases.
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Executive Functions

Executive functions (EF) are an encompassing term that represents the entirety of
interrelated processes that are responsible for target-spesific and purposeful behaviors.
These executive processes are necessary to integrate external stimuli, personally im-
portant goals and shaping methods of accessing those objectives, preparation for action,
and examination of actions and plans while appropriately implementing them. The
processes associated with EF are diverse, but the most important elements are; anticipa-
tion, goal selection, planning, initiation of activity, self-regulation, mental flexibility,
deployment of attention, and utilization of feedback (Barkley 2012).

Within EF, "planning” includes decision-making, judging, evaluation and reponses
of one's own behaviors and the behaviors of others. "Verbal fluency” is the ability to
produce and recall words related to a certain category or starting with a certain letter.
"Work memory" is the place where information is temporarily stored and used. "Re-
sponse inhibition" is the ability to reject an automatic tendency in a given situation.
“Set shifting" is the ability to make changes between tasks, processes, and mental setups
(Chung et al., 2014). "Working memory" allows keeping the information in mind and
using it for individual goals. There are two types of working memory, namely, the
spatio-temporal working memory and the verbal working memory. Time memory,
language skills, mathematical perception, cognitive flexibility, and thinking based on
suggestions are realized through working memory. "Cognitive flexibility" is the ability
to change thinking about a phenomenon, to produce different ways to solve the prob-
lem, and to look at events from a different perspective. Cognitive flexibility is very
much related to creativity, task and set shifting. "Fluid intelligence", which enables the
establishment of causality, is the ability to reason, problem solve, and to see patterns or
relations among items. The establishment of the causality relationship is accepted by
various researchers as a high level executive function (Diamond 2013).

The development of EF is parallel to brain development. Babies aged under nine-
month have difficulty suppressing the reactions they have already learned, but learn to
suppress certain behaviors and to change these behaviors with new reactions until
twelve months. Although suppression of instinctive behavior can be learned up to the
age of three in early childhood, repetitive errors can be seen. Speed and accuracy in
impulse control tasks is observed up to 6 years of age. There may be an impulsive in-
crease for a short period around the age of 11, but children aged 9 years and older can
well follow and regulate their actions. Increase in response rate and verbal fluency be-
gins to be observed between 3-5 years. Processing speed and fluency continue to devel-
op until mid-childhood. Significant increase in processing speed is observed between 9-
10 and 11-12 years. Development in cognitive activity and fluency occurs in adoles-
cence. In general, after 15 years of age, it is considered that there is very little gain in
information processing (Anderson 2002).

EF are managed by dopaminergic, noradrenergic, serotonergic and cholinergic in-
puts in the prefrontal cortex. It is accepted that responses to EF and environmental
changes are mediated through these molecules and changes in neurotransmitter systems
have significant effects on EF (Anderson 2002).

The medial prefrontal cortex (mPFC) and the orbitofrontal cortex (OFC) take in-
puts from dopamine, noradrenaline, serotonin and acetylcholine neurotransmitter
systems. Response inhibition is impaired in orbitofrontal cortex lesions, but it is not an
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effect of medial prefrontal cortex injury. Attention systems are impaired in medial
prefrontal cortex injuries, and orbitofrontal cortex injuries have no effect on attention
systems. The set shifting is impaired in the medial prefrontal cortex lesions. Reverse
learning ability is impaired in orbitofrontal cortex damage. Therefore, the mPFC is
responsible for attention process and set shifting; the OPC is responsible for reverse

learning and response inhibition skills (Logue and Gould 2014).

Assessment of Executive Functions

It is suggested to measure the working memory, fluency/reconstitution, set shift-
ing/switching, and planning/problem solving skills in the assessment of EF (Henry and
Bettenay 2010). It will be summarized the scales and batteries that can be used for the
evaluation of EF in children and adolescents in this section.

The Delis-Kaplan Executive Function System (D-KEFS) is used assessment of EF
in children from 8 years older and there is reliability and validity for 8-15 aged children.
In this battery, letter, category fluency is used to measure the verbal field. On the other
hand, the task of changing between the categories is carried out through the verbal
fluency test (Delis et al. 2004).

The Cambridge Neuropsychological Test Automated Battery (CANTAB) is used
EF, working memory and planning abilities. This battery can be used for children
between 4 and 12 aged. The battery consists of Spatial Working Memory, Stop Signal
Test, Intra-Extra Dimensional Shift, Stockings of Cambridge tests. These four tests
have been reported to be more appropriate for evaluating the visual-spatial domain of
ET (Luciana 2003).

The Test of Everyday Attention- Children’s Version (TEA-Ch) is primarily a bat-
tery designed to measure attention. This battery minimizes the contributions of
memory, reasoning, task comprehension, motor speed, verbal ability and perceptual
acuity. TEA-Ch is used for children 6 and 16 aged and consists of Walk/ Don’t Walk,
Creature Counting, Opposite Worlds, Sky Search Dual Task. It has been reported that
the Opposite Worlds in this battery measures the ability to inhibition (Manly et al.
2001).

The Behavioural Assessment of the Dysexecutive Syndrome in Children (BADS-
C) is used for children between 8-16 years. Planning is measured using several tests
(Water, Key, Zoo Map, Six Part). The battery also includes the Dysexecutive Ques-
tionnaire for Children (DEX-C) (Giona et al. 2000). It has been reported that the
external validity of the data obtained with the BADS-C battery is high and may reflect
the difficulties with EF in daily life (Anderson 2002).

Inhibition ability can be assessed through the Animal-Stroop test which can be ap-
plied to children aged 3-16 years. In this test, it is presented cartoon style images to
children in the first situation and is wanted naming these shown animals, then animal
heads and bodies are jumbled up, but children still name the body of the animal
(Wright et al. 2003).

Set shifting can be measured by the Wisconson Card Sorting Test (WCST).
WCST is a test that requires pairing cards with very few instructions. Cards contain
different representations of shape, color, and transparency, and require matching of one
of the four "base" cards that change in the same size. The correct mapping category is
listed as color, shape, quantity for each bundle, and when the participant correctly
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matches 10 times in the same category, the next category is passed. The participant
receives feedback as to whether the reaction is true or false after each reaction. The test
is terminated when all six categories are completed or when both decks are exhausted.
This test can be used in individuals aged 6 to 89 years (Henry and Bettenay 2010).

Executive function assessments of preschool children focus on working memory, re-
sponse inhibition, set shifting, and attention shifting tasks (Garon et al. 2010). Evalua-
tion of basic working memory is assessed by response delay, number/ letter sequence
and block sequence tests. Response delay can be applied to children over 5 mount.
During this task, an object is hidden from one place to another, and after waiting for a
while, the child is asked to find the object. In the Number/ Letter Sequence test, the
child is asked to repeat the letters or numbers on the list. This test can be applied to
children aged 3 years and over. In the Corsi Block Series test, the practitioner touches
the blocks in a certain pattern, and then the participants are asked to touch the blocks
in such a way as to conform to this pattern. This test can be applied to children over 3
years of age (Garon et al. 2008).

Attention shifting skill is assessed by Dimension Change Card Sort (DCCS) and
Bear Teddy test. Child is shown cards with colored shapes in the DCCS test. After the
child maps the cards in one size, the size of the cards is changed. The Teddy Bear test
is the same as DCCS except that the rules of the child are not explicitly stated. The
child is expected to understand the rule change through feedback. These two tests are
applicable to children over 3 years of age (Garon et al. 2008).

ADHD Theories about Executive Functions

In the executive function model proposed by Russell Barkley, it is suggested that there
are deficiencies in behavioral inhibition in ADHD and the four executive functions
associated with it. EF consists of working memory, self-regulation of affect-
motivation-arousal, internalization of speech, and reconstitution. Behavioral impair-
ment and associated 4 executive dysfunctions are also thought to affect motor control,
fluency, and syntax (Barkley 1997) (Figure 1).

Thomas Brown's executive function model suggests that there are deficiencies in
the field of six executive functions in ADHD. These areas consist of activation, focus,
effort, emotion, memory and action (Brown 2005).

Activation: It is responsible for organizing tasks and materials, estimating time,
prioritizing tasks, and getting started on work tasks. Individuals with ADHD make
chronic difficulty with excessive procrastination. They often put off getting started on a
task even a task they recognize as very important to them. They can not start task until
the urgency for the task is established.

Focus: It involves focusing, sustaining focus, and shifting focus to tasks. Individuals
with ADHD are easily distracted by external stimuli and their own thoughts. Words
are generally understood as they are read but often have to be read over and over for the
meaning to be fully grasped and remembered. They have difficulty in maintaining
focus. While driving, they can get away from the places they go when they listen to
music.

Effort: It consists of regulating alertness, sustaining effort, and processing speed.
Many people with ADHD report can perform short-term projects well, but they have
much more difficulty with sustained effort over longer periods of time. They have
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difficulty completing tasks on time. Many have difficulty in regulating sleep and wake-
fulness. They sink into deep sleep and have problems with getting up in the morning.

\ represented information ,/
e -

Figure 1. Russell Barkley's executive function model (Barkley 1997)

Emotion: It involves managing frustration and modulating emotions. Although the
DSM-IV does not meet diagnosis criteria, many with this disorder describe chronic
difficulties managing emotions. It is also reported that when they experience intense
emotion, they cannot control their thoughts and are influenced by emotions of logical
thinking skills. Because of these emotions, they cannot direct their attention to the
other side. They have difficulty in assessing and controlling feelings in context and
keeping up with the required reference.

Memory: It consists of using working memory and accessing recall. People with
ADHD very often report that they have adequate and good memory for things but they
have difficulty recalling information where necessary. They have difficulty holding
other things in mind while attending to other tasks. They may not be able to reveal the
knowledge when they need it.

Action: It consists of monitoring and regulating self-behavior. Many individuals
with ADHD, even those without problems of hyperactive behavior, go through chronic
problems in regulating their behaviors. They often are too impulsive in what they say or
do and they arouse their minds into action very quickly without thinking about the
results. They fail to notice when other people are puzzled, hurt, or annoyed and thus
fail to modify their behavior in response to environment. They experience difficulty in
regulating the pace of their actions, do tasks fast or slowly (Brown 2008).

When theories of EF in ADHD are evaluated, it is clear that both Barkley's theo-
ries in 1997 and in Brown in 2005 remain valid. When examined with the methods
used in the studies in which Efs were assessed in ADHD, the studies focus on the
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theories the two theoreticians evaluate (Goldberg et al, 2005, Lawrence et al, 2004,
Skogli et al.2005; Wu et al. 2002).

Studies on Executive Dysfunction in ADHD

Children with ADHD have executive dysfunction during both real-life activities and
during neuropsychological tests (Lawrence et al. 2004). It has been shown that perfor-
mances of cases with diagnosed ADHD are worse than controls when the response
inhibition is assessed by Stroop, do/ stop and stop signal tasks. In studies evaluating
planning skills with Hanoi tower tests, it was determined that individuals with ADHD
were impairment compared to controls. Studies evaluated the set shifting skill using the
WSCT showed that individuals with ADHD performed worse than the control group
(Goldberg et al. 2005).

In studies, it was determined that individuals with ADHD have functional deficits
in working memory (Goldberg et al. 2005). In a study investigating the effect of
ADHD and Oppositional Defiant Disorder (ODD) and Conduct Disorder (CD)
comorbidities on executive dysfunctions, the areas of planning, working memory and
verbal fluency were assessed. It was determined that in comorbid ADHD and ODD/
CD presence, executive dysfunctions were not due to ODD/ CD, and these deficits
were due to ADHD in this study (Oosterlaan et al., 2005).

In another study investigating the neuropsychological differences between ADHD
subtypes, response inhibition, visual working memory, planning, cognitive flexibility,
and verbal fluency were evaluated. In this study, it was found that ADHD combination
type differed from controls in terms of the inhibition abilities and there was no differ-
ence in the neuropsychological profile between ADHD combined type and ADHD
predominantly inattention type (Geurts et al. 2005). In a study comparing executive
function performance in individuals with comorbid anxiety disorder, ODD and CD
with ADHD, continuous performance test, Conners’ Continuous Performance Test,
WCST, Tower of London, Finger Windows and Self Ordered Pointing tests were used
in evaluating executive function. It has been shown that those with comorbid anxiety
disorder perform worse in Conners’ Continuous Performance Test and children with
CD obtained lower scores on WCST (Ter-Stepanian et al. 2017).

In a study comparing the performance of EF between ODD with and without
ADHD and healthy controls, it was used trail making test to evaluate set shifting; self-
ordered pointing task to evaluate working memory; Hanoi tower test to evaluate plan-
ning ability; continuous performance test and Stroop test to evaluate attention skills;
door opening test to evaluate perseveration of responses and delay of gratification task
to evaluate delay aversion. There were no differences in working memory, planning,
inhibition and impulsivity among the three groups in this study. The ODD/ADHD
group was worse than the healthy control group in set shifting. In addition, both the
ODD alone and ODD/ADHD groups performed worse on a response perseveration
task (van Goozen et al. 2004).

In a study comparing the EF performance of individuals diagnosed with ADHD
with and without learning disability, it was used color test in Stroop, times score in
contingency naming test, motor control time in sky search score to evaluate for speed of
processing; attention score in sky search test and Stroop interference score to evaluate
selective attention; time and error scores in the third and fourth subset of contingency
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naming test for switching attention abilities. It was found that children with ADHD
have slower verbal responses and sustained attention deficit. Impairments in selective
attention and attentional capacity was shown were largely related to the presence of
learning disabilities. It was also shown that no specific deficit associated with ADHD
or the comorbidity of LD was identified in switching attention, impulsiveness, plan-
ning, and problem solving. This study revealed that ADHD is not a general deficit in
EF but impairments in the certain areas of EF occur in ADHD (Wu et al. 2002).

The effects of gender on EF in individuals with ADHD investigated in a study. In
this study, parents were asked to evaluate their children by giving Behavior Rating
Inventory of Executive Function (BRIEF). EF was evaluated by letter-number se-
quencing test, color-word interference test, trail making test, design fluency test, tower
test and letter fluency test in children. The BRIEF evaluates areas of inhibition, shift,
emotional control, initiate, working memory, planning, organization of materials and
monitor. In this study, it was determined that children with ADHD had impairment
compared to controls in all areas of the BRIEF test, but no significant difference was
found between boys and girls with ADHD. In evaluating the executive function applied
to children, it was shown that children with ADHD had significant low scores in all
tests except for the tower test comparing to control group. EF difference could not be
determined in direct applied tests between boys and girls with ADHD in this study
(Skogli et al. 2013).

Executive function differences between individuals with ADHD and those with
comorbid ODD were investigated in a study conducted in China. This study was as-
sessed by measures based on BRIEF scale and performance. It was used Stroop test for
inhibition, trail making test for scrolling, numerical sequence test for verbal working
memory, Hanoi tower test for planning. In this study, it was found that the ADHD
and ODD/ ADHD had worse performance than the control group in Stroop and trail
making test. In these groups, it was also found that BRIEF scores were worse than the
control group. While there was no difference in performance-based tests between
ADHD and ADHD/ ODD groups, the ADHD/ ODD group were worse than
ADHD group in the BRIEF scores and the significant difference between these groups
was observed in the subtest tests of inhibition, shift and emotional control (Qian et
al.2010).

In a study of EF differences between ADHD combined (ADHD-C) and ADHD
predominantly inattention type (ADHD-I), the stop task, tower of London, Stroop
task, trail making test, and output speed measures were used. It was found that both
subtypes were impairments in the output speed and boys with ADHD-C had more
difficulties in stop test than boys with ADHD-I, but there was no difference in stop
test between the two subtypes in girls. In this study, it was also found that the ADHD-
C had a deficit in planning. Although the ADHD subgroups were slower than the
control group during the Stroop test, it was found that neither ADHD group had a
deficit in interference control per se (Nigg et al. 2002).

In an another study comparing ADHD-C and ADHD-I, it was used Stroop test
for interference control, continuous performance test and BRIEF for inhibition, trail
making test for set shifting, London tower test for planning and WISC-3 for pro-
cessing speed. In this study, no significant difference was found between the two
ADHD subtypes in terms of EF performance tests. When girls were excluded and only
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boys were considered, a significant difference was found in the Stroop test and it was
found that boys with ADHD-I had lower scores than children with ADHD-C. A
significant difference was found only in the subgingival dimension in the BRIEF scale,
children with ADHD-C were found to have more problems with this subscale, and a
significant difference was also observed when girls were excluded (Riccio et al. 2006).

In a study investigated the effect on EF of ADHD according to gender and sub-
type, the Stroop test, the matching familiar figures test, the trail making test, the Lon-
don tower test and the WCST were used. In this study, it was determined that there
was no effect of gender on EF, and the difference between the control group and the
ADHD group was seen in Stroop test and WCST. It was also determined that the
ADHD-C showed impairment in more parameters than ADHD-I and that the differ-
ence in impairment was more significant (Houghton et al. 1999). Studies with children
with ADHD found that the working memory was also impairment and that the size of
the impairment varied according to the method used in the measurement. In a meta-
analysis study, it was determined that there was a large scale in the spatial working
memory and a medium scale in the verbal working memory (Martinussen et al. 2005).

In the 10 studies assessing inhibition skills of individuals with ADHD were meas-
ured by the Stroop test, it was determined that the individuals with ADHD were im-
pairment comparing to control group. However, there was no difference between the
two groups in two studies. It was observed that there were differences between the
ADHD and the control group in the 17 of the 26 studies conducted with WCST for
the ability to set shifting, and it was determined that the significant difference was
associated with younger age groups. In two studies using self-ordered pointing test to
measure working memory, the group with ADHD had a worse performance than the
control group. Five of the studies of Hanoi tower or London tower tests to measure
planning skill showed that there was a difference between ADHD and control group,
no difference was found between the two groups in the two studies. Six of the studies
used letter fluency; it was found that ADHD performed worse than control group, no
difference was found between two groups in three studies. In two of the studies using
category fluency, there was a difference between the groups and in seven studies, it was
determined that there was no difference between the ADHD and the healthy control
group (Sergeant et al. 2002). Measurement of working memory, emotion regulation
and inhibition skills was found to be the most sensitive measures of ADHD different
from the control group (Berlin et al. 2004).

In a study of adolescents with ADHD compared with healthy controls in terms of
BRIEF scores and performance-based measurements, it was compared with the tasks of
inhibition, working memory, set shifting, and planning. In this study, it was observed
that there was a difference between the two groups in the BRIEF filled by both the
teachers and the parents and in the performance-based measures (Toplak et al. 2009).
It is suggested that EF evaluation with rating scales is not related to performance-based
measures and that the measured structures are different (Toplak et al. 2013).

Treatment of Executive Dysfunction in ADHD
Non-Pharmacological Treatmentﬂpproacbes

Cognitive training programs including many areas of EF have been investigated as a

Psikiyatride Giincel Yaklagimlar - Current Approaches in Psychiatry



Savai et al. 232

potential ADHD non-pharmacologic treatment (Rapport et al. 2013). Given the cur-
rent data on neuroplasticity, rehabilitation and cognitive training may be considered to
be able to strengthen key brain networks associated with ADHD and to support cogni-
tive processes through controlled exposure to information processing tasks (Vinogradov
et al. 2012). Therefore, it is asserted that cognitive training can reduce ADHD symp-
toms and improve functioning by targeting neuropsychological deficits thought to
mediate ADHD pathophysiology (Cortese et al. 2015). Cognitive training approaches
have targeted a range of deficits such as attentional control, working memory, inhibito-
ry control. Sonuga-Barke and colleagues examined the efficacy of non-pharmacologic
treatments in ADHD in their meta-analyzes in 2013. Consequently, it was shown
effects of cognitive training on ADHD symptoms calculated using unblended ratings.
However, this effect dropped substantially and became statistically no significant when
blinded assessment were used (Sonuga-Barke et al. 2013). In a meta-analysis conducted
in recent years, cognitive training has been shown to be effective in all subtypes of
ADHD in non-blind measures, and when the measurements are made by blinded
evaluators, the effectiveness is significantly reduced. In addition, while it was shown
that cognitive training had a significant effect on the working memory measured in the
laboratory and the EF scores assessed by the families; no effect on academic perfor-
mance was shown in this study (Cortese et al. 2015).

One of the non-pharmacologic approaches is the Cogmed Working Memory
Training (CWMT). The CWMT is a computerized training program designed to
improve working memory over a five-week training period. Three age-specific software
applications were created for preschool children, school children and adults. The pro-
gram has been developed aiming at the storage and manipulation of the components of
verbal and non-verbal working memory. The CWMT can be applied where there is
internet access (eg home, school, etc.). This feature may be more common than other
interventions. (Roche and Johnson 2014). However, it may be controversial whether
the CWMT has improved the working memory (Klingberg 2010). CWMT program
designed initially to improve the documented visuospatial span deficits in children with
ADHD uses an adaptive algorithm that continuously adjusts the task difficulty by
repeatedly experimenting to match the capacity of the individual work memory to the
individual (Klingberg et al. 2002, Westerberg et al. 2014). CWMT consists of intensive
daily practice (30-45 min per day) for 5 days per week for 5 weeks, during which time
the practitioners consistently perform the task working memory tasks and are organized
according to the correctness of applying feedback and rewards for each trial. There are
many studies evaluating the efficacy of CWMT in ADHD. When these studies are
examined, it seems that the findings are inconsistent. In a study examining the effect of
CWMT on children with ADHD, while the improvement in working memory and
attention deficit scores evaluated by their families was observed, there was no difference
in the hyperactivity and ODD symptoms rated by the parents and in the all subscales
graded by the teachers (Beck et al. 2010). In addition, Green and colleagues' study in
2012 showed no difference in the ADHD symptoms rated by parents, although posi-
tive results were reported in the task of objectively assessed working memory of children
with ADHD who received CWMT (Green et al. 2012). In another study, CWMT was
found to have no effect on the ADHD rating, which was rated by both family and
teachers (Gray et al. 2012). In a review of Chacko and colleagues evaluating the efficacy
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of CWMT in young people with ADHD, the strengths and limitations of the studies
reviewed suggest that CWMT is best defined as a possibly efficacious treatment for
youth with ADHD (Chacko et al. 2013). In a study conducted with adult ADHD, it
was found that the individuals applied CBCT improved in the capacity of verbal and
visual spatial working memory and this progress continued for 6 months (Dentz et al.
2017).

Physical exercise is another non-pharmacologic approach that has been studied on
EF in ADHD. Studies have shown that exercise modifies brain plasticity positively
through neurogenesis, neuroadaptation and neuroprotective processes; increases dopa-
mine, which plays an important role in ADHD, epinephrine and norepinephrine. It is
recommended because these mechanisms may be beneficial in EF and inhibition. In
addition, physical activity may also activate areas of cognitive activity, such as prefrontal
and parietal regions (Dishman et al. 2006). Exercise may also increase the level of
Brain-derived Neurotropic Factor (BDNF), which facilitates attention, inhibition,
learning, and progression of emotions. BDNF also helps release dopamine, which is
frequently used in the treatment of ADHD (Hong et al., 2012). Thus, exercise and
physical activity may directly or indirectly affect catecholamine levels, which are
thought to play an important role in ADHD (Dishman et al. 2006). Smith and col-
leagues showed that continuous moderate-to-severe physical exercise, which lasted
about 26 minutes each day during eight school weeks, made important changesin atten-
tion and response inhibition in young ADHD children (Smith et al. 2013). In another
study conducted with children with ADHD, it was found that physical exercise consist-
ing of progressive aerobic, muscular, and motor skills during 10 consecutive weeks, 3
times a week for 45-min periods in a school gymnasium, and supervised by a physical
activity specialist had no significant effect on response inhibition (Verret et al. 2012). In
a pilot study, twelve-week tennis exercise was shown to have an effect on the color-
naming scores of the Stroop test in cases with ADHD (Chien-Yu et al. 2015). In a
recent study, it has been shown that exercise program consisting 90-minute 24-session
has positive effect on cognitive and behavioral inhibition of EF in 40 ADHD boys aged
7-12 (Memarmoghaddam et al. 2016).

Pharmacological Treatments

There are many studies evaluating the effects of stimulant (methylphenidate) and non-
stimulant (atomoxetine, guanfacin) used in the treatment of ADHD on EF. These
studies mostly examined the efficacy of methylphenidate. In a meta-analysis involving
36 studies investigating the efficacy of methylphenidate in children and adolescents,
methylphenidate was found to be superior to placebo in all parameters including execu-
tive memory, non-executive memory, reaction time, reaction time variability, and re-
sponse inhibition (Coghill et al. 2014). In another meta-analysis, the effects of
methylphenidate on executive functioning in ADHD have been examined for age-
related effects. It has been shown that methylphenidate have moderate and consistent
effect on response inhibition, working memory and sustained attention test perfor-
mance in individuals with ADHD, despite the wide age range of the samples studied
and neuropsychological tests, dependent variables, and drug protocol diversity. In addi-
tion, when the response inhibition, working memory and sustained attention tests are
analyzed separately, no relation with age has been shown. In conclusion, this study
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showed that the efficacy of methylphenidate on EF was age-independent (Tamminga
et al. 2016). In a study conducted by Yilmaz and his colleagues in our country, 30
healthy children and 30 children diagnosed with ADHD-C according to DSM IV
diagnostic criteria between 7-12 years were included in the study and WCST and
Stroop test were applied to the children. 4 patients were treated with immediate release
methylphenidate (mean dosexsd: 0.54+0.17 mg/kg/day) and 26 patients were treated
with osmotic controlled release methylphenidate (and 0.70£0.22 mg/kg/day) after the
application of the first tests in ADHD group. After 1 month, the tests were applied to
both groups for the second time. As a result, it was found that WCST (perseveration)
and Stroop test (color naming) performances were worse in children with ADHD-C
compared to healthy controls and the use of methylphenidate improves the color nam-
ing ability. Methylphenidate treatment resulted in improvements on the WCST (per-
severation and conceptualization/reasoning) and Stroop test (color naming and inter-
ferences effect) performances in the ADHD-C group (Yilmaz et al. 2013).

The efficacy of atomoxetine in the treatment of ADHD on EF has been investigat-
ed in studies. In a study of the effect of atomoxetine on EF in ADHD with a comput-
er-based continuous performance test combined with a motion-tracking device. 125
cases of ADHD were included in the study and 63 of these cases were started with 0.5
mg/kg/day atomoxetine and the target dose was increased to 1.2 mg/kg/day and 62 of
these cases were given placebo. It was found that the number of micro-events (number
of position changes greater than 1 mm per head during the test), the number of com-
mission errors (response rate recorded when the stimulus did not reach the target),
range of motion, omission error rate, reaction time (when the patient's head moved
more than 1 cm/s), simplicity of motion, and normal variance of the response time were
significantly reduced (Wehmeier et al. 2012). In another study examining the effect of
atomoxetine on EF in young adults aged 18-30 years, 220 patients with ADHD were
treated with atomoxetine 50 mg twice a day according to tolerability and safety interval
for 12 weeks, 225 patients were given placebo for the same period. In the group receiv-
ing atomoxetine treatment, a significant improvement in EF was found according to
placebo (Adler et al. 2014).

When examined in the literature, studies comparing methylphenidate and
atomoxetine for EF problems in ADHD draw attention. Yildiz and colleagues com-
pared the effects of atomoxetine and osmotic controlled release methylphenidate on EF
in ADHD. Twenty-five cases were included in the study and 14 patients were treated
with 1.28 mg/kg/day of atomoxetine and 11 patients with 1.07 mg/kg/day of osmotic
controlled release methylphenidate treatment. It has been shown that after 12 weeks of
treatment osmotic controlled release methylphenidate is more effective on Stroop-5
time and number of correction compared to atomoxetine and a significant reduction in
the rate of perseverative errors in WKET (Yildiz et al. 2011). In another study, 54
mg/day of prolonged methylphenidate (n = 85), which started at 18 mg/day in ADHD,
and 1.2 mg/kg/day atomoxetine were (n = 57) starting at 0.5 mg/kg/day compared with
neuropsychological EF tests and behavioral assessment scales based on efficacy perfor-
mance. Both methylphenidate and atomoxetine have positive effects on BDI compared
to placebo, and methylphenidate has also been shown to develop significantly in all of
the performance-based EF tests compared to atomoxetine (Yang et al. 2012). In a study
conducted in our country, both long-acting methylphenidate (median dose: 1.31 + 0.37
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mg/kg/day) and atomoxetine (median dose: 0.90-0.29 mg/kg/day), it has been shown
to have beneficial effects on EF assessed with WCST and Stroop test (Inca Tasdelen et
al. 2015).

When the studies on EF in ADHD were evaluated, the limitation of national stud-
ies is remarkable. Both national and international studies show EF problems in ADHD
but do not mention a specific EF problem. In studies on the treatment of EF problems
in ADHD, it is shown that while pharmacologic treatments’ studies have been made
both national and international while non-pharmacologic-based approaches are more
concerned with international studies. Both stimulant and non-stimulant ADHD treat-
ment approaches have been shown to have a positive effect on EF in ADHD.

Conclusion

Difficulties in executive functions have been reported in studies on children and adoles-
cents with ADHD. However, these difficulties are not specific to ADHD, and may be
detected in other neurodevelopmental disorders, as well as in all ADHD cases. Fur-
thermore, there are executive dysfunctions in normal developmental children. There are
many methods for evaluating executive function problems in ADHD. There are non-
pharmacological and pharmacological treatment on EF problems approaches in
ADHD, but further work in this area is required. Longitudinal studies can be used to
identify both specific ADHD difficulties and differences between ADHD and normal
developmental children in EF. In addition, treatment interventions to be made by
identifying the specific EF difficulties to ADHD may be more effective.
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