
Introduction
 Attention deficit hyperactivity disorder (ADHD) is a 
common neurodevelopmental disorder in children whose 
symptoms were first described by Heinrich Hoffmann in 
1863.1 It is characterized by disruption of inattention, 
conduct disorder, poor social communication, and 
hyperactivity/impulsivity. Inattention causes an inability 
to remain focused on schoolwork, seeming not to 
listen, and losing things at school more frequently than 
what is consistent with the child’s developmental level. 
Hyperactivity and impulsivity, on the other hand, result 
in excess activity, fidgeting, trouble remaining seated, 
disturbing others’ activities, and trouble waiting for one’s 
turn.2,3 ADHD tends to overlap with other common 
externalizing disorders in children, such as oppositional 
disorder and conduct disorder.4,5 If the condition persists 
until adulthood, it often leads to social performance deficit 
as well as educational and professional dysfunctions.6 
Although hyperactivity subsides with age, attention 
deficit increases in most patients.7

 In most cultures, demographic surveys report a prevalence 
of nearly 5% and 2.5% in children and adults, respectively.8 
Overall, the disorder affects boys more than girls, with 

1.2% and 1.6% higher occurrence during childhood and 
adulthood, respectively. However, girls are more prone 
to displaying inattention symptoms.9 Evidence from 
various studies in neuropsychology,10 pathophysiology,11 
genetics,12 and phenotypes,13 suggest that several factors 
with varying levels of intensity manifest clinically as 
attention deficit and hyperactivity. 
 Since the 1970s, numerous studies have identified 
impairments in executive functioning as the core cause 
of ADHD in adolescents.14 These impairments lead to 
deficits in essential cognitive abilities for complex goal-
oriented behaviors and adjusting to a range of changes 
and environmental demands.9 several authors15,16 believed 
that some, but not all, children with ADHD suffer from 
significant impairments in several areas of executive 
functioning; however, other authors such as Brown17 
discussed that ADHD is fundamentally a developmental 
disorder that affects executive functions (EFs) in all cases. 
Thus, this paper focuses exclusively on this issue. 
 The aim of this study is to review existing research on 
cognitive impairments in children with ADHD with a 
focus on EFs. 
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Abstract
Attention deficit hyperactivity disorder (ADHD) is one of the most common childhood 
neurodevelopmental disorders characterized by levels of attention deficit disorder, irregularity, or 
hyperactivity/impulsivity. Studies have shown that only a fraction of children with ADHD, and not 
all of them, suffer from performance-related impairments. However, recently it has become clear 
that all people with this disorder are impaired in executive functions (EFs). In other words, ADHD 
is fundamentally a developmental disorder of EFs. Poor inhibitory control, continuous attention 
deficit, problem-solving, and behavioral inhibition are cognitive deficits in children with ADHD, 
and can be seen in tests related to EFs. Evidence suggests differences in some EFs, such as behavioral 
inhibition between boys and girls. ADHD has its neurobiological basis and most empirical evidence 
indicates delayed frontal lobe development in children with this disorder. Therefore, we aimed to 
review cognitive disorders in children with ADHD with an emphasis on EFs.
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Executive Functions 
EFs, also known as executive control or cognitive control, 
are a complex set of interrelated cognitive processes 
controlled through neural activity.18 EFs enable various 
forms of dynamic behavior that are essential for goal-
oriented behaviors such as problem-solving, behavioral 
control, attention, learning, decision-making, planning, 
and behavior regulation in new situations.19

The term executive function was coined by Lezak, but first 
described by Luria, who proposed a three functional unit 
model of the brain based on clinical findings: (1) arousal-
motivation (limbic and reticular systems); (2) obtaining, 
processing, integrating, and storing information (cortical 
areas); and (3) planning, controlling, and verifying activity 
(depending on the activity of the prefrontal cortex).20 
These complex components act based on hierarchical and 
functional areas and collaborate to regulate all behaviors 
and mental processes.21

Based on a categorization of EFs, inhibition can be 
divided into inhibitory control (which includes self-
inhibitory behavior, interference control, selective 
attention, and cognitive inhibition), working memory, 
cognitive flexibility is also known as mental flexibility,22 
reasoning, problem-solving, and planning.23 

Fuster24 is a widely-recognized authority on EF, who 
proposed a general theory on the role of EF in cortical 
regions and the significance of these regions in the 
temporary nature of behavior. EFs are indeed cognitive 
abilities that organize behavior and cognition into goal-
directed structures of action. Moreover, cognitive abilities 
partly follow EF, for example, attention (vigilance, 
sustained attention, spatial attention, and control 
interference), memory, working memory, decision-
making, and inhibitory control. 

Recently, researchers have reached a consensus on the 
building blocks of EF: (1) working memory, (2) cognitive 
flexibility, and (3) preventing potential impulses.18,25 

Executive Function and Gender 
In the context of ADHD, gender differences have received 
little research attention.26,27 Nevertheless, boys with 
ADHD score lower on verbal memory scales compared to 
their non-ADHD counterparts. No significant differences 
are observed among ADHD subgroups. Boys with 
ADHD also display impairments in intervention control, 
response inhibition, designing and planning. However, 
after controlling for age, intelligence quotient (IQ), and 
measures irrelevant to EF, the functional impairments 
disappeared.16

A recent study compared EF in boys with ADHD, girls 
with ADHD, and a control group using rapid naming, 
processing speed, memory, inhibition, interferences, 
and the Conner’s rating scales. According to the results, 
boys and girls with ADHD performed similarly, with 
boys displaying more extensive impairments in terms of 

inhibition. Moreover, after controlling for IQ, reading 
ability, and comorbidities, those with ADHD exhibited a 
severe deficit in terms of naming speed, processing ability, 
and inhibition.28

Neuroanatomy of Executive Function
EFs are closely linked to frontal lobe activity. At a clinical-
anatomic level, it is significantly related to evidence from 
patient reports after brain injuries that lead to executive 
dysfunction or frontal lobe dysfunction.19,29 
Recent developments in imaging (e.g., MRI, fMRI, and 
positron emission tomography) have shown that EFs 
are linked to several networks19 in both the cortical and 
subcortical regions.30

In human and non-human primates, the frontal lobe 
consists of the dorsolateral prefrontal cortex, cingulate, 
posteromedial, and frontomedial cortex. These regions 
are involved in complex cognitive processes. For instance, 
the posterior regions are related to the working memory 
area, the anterior and medial regions in motivation, and 
the orbital region in impulse inhibition and interference.31 

Emphasizing the role of cortical orbits, several 
authors claim that the dorsolateral orbits play a role in 
information organization for response facilitation. The 
anterior cingulate cortex is related to motivation and 
the ventromedial prefrontal cortex translates limbic and 
emotional information into behavioral responses. For 
instance, these authors believe that EF impairments, 
which lead to impulsivity and lack of appetite, indicate 
dysfunction in the subcortical orbit.32 Moreover, it should 
be noted that, although EFs are closely linked to the 
cortical region, they are not entirely reliant on it; they also 
depend on the cortical dopaminergic striatum system.29 
This is the neurobiological foundation of EF which acts 
as a place to coordinate different functions because it can 
receive information from all sensory and motor systems 
in the brain.33 

Bonelli and Cummings32 reported that the neuro-
psychiatric expression associated with progressive 
diseases is closely related to damage to neurological 
orbits stemming from the frontal lobe to other regions 
of the brain, especially the subcortical regions because 
effective mechanisms allow organisms to act efficiently 
in a chaotic environment. These findings are supported 
by the connection between religious beliefs, psychological 
injuries, and behavioral disorders.34 

Numerous neurodevelopmental disorders are associated 
with changes in EF that are similar to those identified in 
people with frontal lobe damage, including sustained and 
selective attention, irritability, hyperactivity, attention 
deficit, working memory, three inhibitory mechanisms 
(patience, impulse, and interference control), self-
regulation, cognitive inflexibility, and difficulty planning.21 
 Despite the lack of consensus regarding the role of EF 
impairments in ADHD, some studies suggest that other 
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regions of the brain which cause impairments in functions 
that are unrelated to EF and the prefrontal cortex of the 
brain. These include short-term visual memory which 
depends on the health of the temporal lobe, the amygdala, 
and the hippocampus35 as well as tasks that are principally 
related to parietal functioning.36

Neuroimaging in ADHD
In the neuroimaging studies, patients with ADHD have 
shown abnormal activities during EF tasks.37 

Previous studies with task-based functional magnetic 
resonance imaging (fMRI) and positron emission 
tomography (PET) revealed that working memory 
processing which relates to brain regions involving the 
prefrontal cortex and caudate nucleus had reduced in 
both children and adults with ADHD,38 also resting-state 
fMRI studies were demonstrated that strong functional 
connectivity in frontostriatal has a positive correlation 
with EF, especially in inhibitory response and working 
memory in patients with ADHD.19,39 PET study also 
revealed that patients with ADHD have norepinephrine 
transporters in subcortical regions similar to healthy 
individuals.40

Cognitive Disorders in ADHD
Impairment in EFs is a crucial cognitive consequence 
caused by ADHD. In addition, it cannot be diagnosed 
by cognitive issues alone; rather, it is identified by the 
changes in emotional levels such as cognition, regulation, 
and emotional expression7 that is caused by deficits in the 
executive control procedures2 and may have long-term 
effects on the growth and performance of the person.

The consequences of ADHD are analyzed using 
neurocognitive and cognitive instruments. Moreover, 
their efficacy has been shown with the help of multiple 
neurological tests, neurocognitive experiments and neural 
imaging, or electroencephalogram. Recently, the studies 
about mental action tools in people with ADHD have 
shown the difference of mental activity patterns between 
children with ADHD and other children by evaluating 
electrophysiology variables such as reaction time in go/no 
go cognitive tasks,41 inhibitory control tasks,42 and facing 
emotional stimulus.

Research has identified numerous cognitive 
impairments in EF, such as memory and perception, 
among children with ADHD.43 Therefore, impairments 
in ADHD are derived from disorders of frontal lobe 
performance and especially the prefrontal cortex, which 
primarily causes delay or mitigation in EFs; a crucial 
requirement for successful transformation in different 
cognitive procedures to achieve certain goals.44 

Consequently, changes in the prefrontal cortex in 
people with ADHD, who usually suffer from syndromes 
related to executive control disorders, typically result in 
inhibitory issues inactive memory, and planning15 as well 

as efficiency, creativity and inability to abstract ideation 
and prediction of conduct consequences which will, in 
turn, lead to higher impulsivity.43 Furthermore, patients 
with ADHD have significant trouble with balancing, 
identifying, and understanding emotions, which results 
in an increase in agitation, irritability, and frustration 
levels.45

In summary, ADHD has specific cognitive and neural 
foundations. Observations show that frontal lobe 
development is delayed in these children, which leads to 
EF impairments.8 These deficits are a basis for ADHD 
symptoms, which manifest in the society and school.46 
In the following sections, some of the most significant 
EFs that are impaired in children with ADHD are briefly 
reviewed.

Inhibitory Control
Inhibitory control or inability to inhibit reactions to 
distracting stimulants is one of the EFs observed in 
children with ADHD.47 According to Barkley,8 problems 
referring to attention maintenance in ADHD are 
caused by hypo-function of the inhibitory behavior 
system, especially poor interference control. Based on 
Barkley’s model,8 impairments in inhibitory behavior 
include delays or disorders in the development of four 
neurocognitive functions: (1) nonverbal memory, (2) 
verbal working memory, (3) emotional self-regulation, 
and (4) reconstruction. The most important constituent 
of this model is inhibitory behavior that provides a 
foundation for neurocognitive skills. Another constituent 
is motor control that is directly linked to the previous 
constituent and intermediates the four aforementioned 
EFs, which control behavior.48

 Accordingly, Nigg et al49 have confirmed disorder 
in different forms of executive inhibitory responses. 
However, there are doubts about whether ADHD is caused 
by a primary or secondary inhibitory disorder. As stated 
by Nigg et al,49 although studies show consistent results in 
terms of impulsivity and disturbing behavior, the concept 
of inhibition should be thoroughly conceptualized to 
identify the differences between stimulating control, 
executive control, and stimulating inhibitory control.
 ADHD is correlated with weak cognitive control and 
especially inhibitory control,50 which can explain why 
children with ADHD tend to have slower reaction 
times in comparison to normal children. In response 
to this question, researchers have argued that these 
children need more time for potential inhibition of their 
reactions.51 An inhibitory deficit in ADHD is linked to 
executive and structural abnormalities in basic brain 
circuits, which is often an indicator of deficit in cortical 
tasks,52-54 found that symptoms of ADHD include poor 
functions in neuropsychological inhibitory instruments 
(unpredictability, loss of insight, poor organization, 
difficulty understanding time and overreaction).
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 Several studies about children with ADHD have shown 
that changes in attention, and inhibitory control lead 
to poor self-regulation and behavioral issues.55 These 
findings support the idea of multipurpose location systems 
in these disorders (for example anterior and posterior 
cortex, striatum, thalamus, and the limbic system which 
are connected to neurotransmitter systems).8 

Lack of inhibitory control in ADHD is not only linked 
to behavioral and cognitive impairment but also related 
to emotional turmoil. Although impaired emotion 
regulation is not a sign of ADHD, it is a fundamental 
aspect of this disorder.8 Children with ADHD often show 
symptoms such as irritability, bad temper, intolerance 
toward frustration, and sudden, unpredictable outbursts 
of negative emotions such as anger and unhappiness.7 
This can explain impaired emotion regulation based 
on control impairment. Empirical observations have 
shown that children with ADHD not only suffer from 
attention deficit, irregular conduct, hyperactivity, and 
irritability, but also have different emotional problems 
such as emotional responsibility, extreme emotional 
reaction, and irritability.56 Emotional self-regulation 
balances the emotions; however, in case of dysfunction, 
it can lead to more intense emotional reactions as well as 
lower sympathy and ability to regulate emotional states.8 
Therefore, children with ADHD experience several 
problems relating to emotional expression, which arise 
from dysfunction in inhibitory control processes.48 

Attention
Attention deficit is observed in the academic, social, 
cognitive, and emotional performance of many students 
with ADHD.57 Children with this disorder might not 
be able to precisely focus on the details or may exhibit 
careless mistakes in their school tasks or other activities. 
Their activities are often irregular and done without 
reflection. Maintaining attention is often difficult for 
these children, and they can hardly show stability to 
finish their homework, because they may switch from 
one incomplete activity to another. Children who are 
diagnosed with ADHD may switch from one task to 
another without ever finishing anything. They often have 
trouble regulating their tasks or activities.55 The most 
significant problem in children with ADHD involves 
attention. Consistent attention allows a person to focus 
on just one stimulus and ignore interferences.58 As 
mentioned by Barkley8 controlling these interferences is 
a kind of consistent attention and a behavioral inhibitory 
function. The problem these children have with attention 
is caused by the interaction between behavioral inhibition 
and EFs. 

Behavioral Inhibition 
EF deficits in ADHD involve inhibiting or stopping 
behavior.59 These deficits, especially inhibitory behavior, 

which is known as an executive skill that evolved during 
childhood, are at the center of ADHD and have been 
the subject of many studies.60 As an example, in a study 
of children with ADHD and children with reading 
disabilities, those who have ADHD, with and without 
comorbid learning disabilities, showed impairments 
in the speed of processing, naming objects, inhibitory 
behavior, and had variability in reaction time. In contrast, 
those with a learning disability as well as patients with 
ADHD with a dominant learning disability had deficits 
in working verbal memory and slow speed of retrieval. 
The study used regression analysis to identify variability 
in response time and naming incongruent colors in the 
Stroop test as the best predictors of hyperactivity and 
impulsivity in ADHD. Deficits related to naming objects 
and inhibitory control were exclusive to those with 
learning disabilities and ADHD, respectively.61 Other 
studies confirm that children with learning disabilities 
or ADHD exhibit more significant impairments in both 
executive and non-EFs compared to the control group, 
especially with mathematics.48 

Inhibitory control is needed in situations in which an 
ongoing activity or thought must be stopped promptly, 
and the child should be able to ignore the information 
on which he/she does not want to focus. Barkley8 states 
that children with ADHD have significant impairments in 
inhibitory behavior, which leads to EF deficits. Compared 
to their normal peers, these children are less likely to 
separate emotional elements of environmental messages 
from informational elements, use providence and 
reconsideration to control their behavior, use inner speech 
to guide their behavior, and analyze or link the different 
aspects of their environment.49 There is a consensus on 
the organizational role of EF.15 which controls behavioral 
responses such as the ability to control and inhibit stimuli, 
planning, flexibility, and organization, using working 
memory, problem-solving, and objectively doing school 
assignments.62

Inhibitory behavior issues in children with ADHD 
may lead to problems in their education, including 
weak academic performance, lack of motivation, 
learning disabilities, carelessness, low self-esteem, 
aggressiveness, distraction, arousal (excitation), and poor 
communications with their peers. EF deficiencies cause 
major problems for children in their school assignments. 
Therefore, the attention deficit component of ADHD 
is the consequence of an impairment that results from 
inhibitory control and weak interference in executive 
control of behavior.63 

Problem-Solving
Some authors report impairments in problem-solving 
and other cognitive processes associated with poor 
academic performance among children with ADHD. For 
example, ADHD students tend to perform poorly in math 
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compared to their normal counterparts.64 

Discussion and Conclusion
Based on the preceding review of literature, as one 
of the most common neurodevelopmental disorders, 
ADHD is characterized by disruptive levels of 
inattention, irregularity, and hyperactivity/impulsivity.47 
Evidence suggests that ADHD may be caused by EF 
deficits.65 Furthermore, these children show numerous 
impairments in tests of EF.66 For example, poor cognitive 
control, especially inhibitory control or inability to ignore 
distracting stimuli, is typically observed in children 
with ADHD.67 Inability to maintain attention or remain 
vigilant while doing tasks is another problem in ADHD 
students.68 Difficulty in problem-solving and other 
cognitive processes that are associated with reduced 
academic performance are also linked to ADHD.69 EF 
deficits in ADHD involve inhibiting or stopping behavior. 
These impairments, especially inhibitory behavior, which 
is known as an executive skill evolved during childhood, 
are at the center of ADHD.70

Although a few neuropsychological studies have 
reviewed gender differences, boys and girls have been 
found to exhibit differences in EFs.71 ADHD has a 
specific neurobiological basis,72 and most extant evidence 
indicates a delay in cortical lobe formation of children 
with ADHD, which leads to impairments in EF.73 
However, recent studies have shown that EFs are linked 
to several networks.74 

Thus, future work should mainly focus on potential 
gender differences between different EFs in ADHD. 
Moreover, topics about the relationship between 
neuropsychological mechanisms and EFs or the 
relationship between cognitive functions with this group 
of EFs, particularly inhibitory behavior, can make the 
basis for future research. 
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