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Preface

Attention Deficit Hyperactivity Disorder (ADHD) is one of the most widely diagnosed be‐
havior disorders in childhood, with a recent study identifying a worldwide pooled preva‐
lence of 7.2 % (Thomas, Sanders, Doust, Beller, & Glasziou, 2015). Although the disorder is
quite common, much remains unknown and researchers strive to examine the disorder, its
causes and correlates, and its treatment. Our understanding of the biopsychosocial origins
of ADHD is not definitive, and much remains to be learned in a variety of domains. While
some scientists work to unlock these answers, others work to improve the lives of those with
ADHD through understanding their daily functioning and through improving treatment
options. Equally critical, this applied work addresses many quality-of-life concerns.

The goal of this volume is to explore the state of the art in research in ADHD around the
world. The 16 chapters in this volume represent the work of 42 researchers in countries
spanning the globe from Malaysia to Spain to Turkey to the United States. This broad sur‐
vey covers issues ranging from comorbidity to advances in the search for biomarkers; to ex‐
ecutive, cognitive, and social functioning; to the use of new and alternative therapies.

The first section of the book provides an overview of the disorder from a variety of perspec‐
tives. The first chapter, “Epidemiology of Attention Deficit Hyperactivity Disorder,” pro‐
vides an introduction to the diagnosis, covering prevalence, treatment, gender differences,
and comorbidity. Chapter 2, “The Role of Environmental Factors in Etiology of ADHD,” ex‐
amines a variety of nongenetic risk factors, such as prenatal exposure to substances and psy‐
chosocial factors, suggesting avenues for further research and, potentially, avenues for
prevention. One challenge in the field is that, to date, there are no definitive diagnostic tech‐
niques. Two chapters address advances in this area. Chapter 3, “Assessment of ADHD
through Electroencephalographic Measures of Functional Connectivity,” explores the use of
recording and imaging techniques in diagnosis. Chapter 4, “Role of Dopaminergic and Nor‐
adrenergic Systems as Potential Biomarkers in ADHD Diagnosis and Treatment,” examines
a variety of biochemical markers to identify the most promising for future exploration. An‐
other challenge for the field is understanding how ADHD relates to other conditions in
terms of both diagnosis and treatment. The final two chapters of the first section examine
the role of comorbidity. Chapter 5, “Comorbid Conditions in Child and Adolescent Patients
Diagnosed with Attention Deficit Hyperactivity Disorder,” provides an overview of some of
the most common conditions found with ADHD, highlighting treatment recommendations.
Chapter 6, “The Comorbidity of ADHD and Autism Spectrum Disorders (ASDs) in Com‐
munity Pre-schoolers,” explores one particular comorbid condition in depth. With the recent
changes in DSM 5, children may now be diagnosed with ADHD and ASDs simultaneously.
This chapter discusses the current research in symptomatology, assessment, and treatment
of these two disorders.



The second section of the book considers how ADHD affects different areas of everyday
functioning in those with the disorder. Chapter 7, “Executive Function in Children with At‐
tention Deficit Hyperactivity Disorder,” argues that executive function deficits are a core
symptom of ADHD and goes on to address the assessment and treatment implications of
this, particularly through the use of imaging techniques. In Chapter 8, “Cognitive Functions
in Attention Deficit Hyperactivity Disorder, Predominantly Inattentive Type (ADHD-I),”
Yongning Song studies patterns of executive function deficits in a group of children with
ADHD-I. Results indicate that executive function deficits are found in ADHD-I, similar to
ADHD-Hyperactive/Impulsive and ADHD-Combined. Chapter 9, “The Quality of Life in
Attention Deficit Hyperactivity Disorder,” examines the impact of ADHD on well-being and
quality of life. The authors cover strengths and weaknesses of the various measures of quali‐
ty of life as well as the impact of treatment on quality of life. Chapter 10, “Predictors of Col‐
lege Success: Symptoms of ADHD, Psychological Well-being, Appreciation of the Liberal
Arts, and Understanding of College Policies,” addresses another area of life, college success,
impacted by ADHD. Results indicate that inattentive symptoms were more predictive of ad‐
justment to college than other mental health factors, such as depression and anxiety. Chap‐
ter 11, “Family Difficulties in Children with ADHD, the Role of Integrated
Psychopharmacology-Psychotherapy Treatment,” uses a case study to highlight the impor‐
tance of the role of the family in the onset, maintenance, and treatment of ADHD.

The final section of the book explores advances in the prevention and treatment of ADHD.
Although some well-established treatments exist, such as behavior modification and psy‐
chostimulant medication, these treatments are not always available or effective for everyone.
Thus, work continues to identify new and alternative treatments for the disorder and its pre‐
vention. Chapter 12, “Evolution of a Disorder and Insights into Prevention,” examines some
of the limitations of medication as a treatment for ADHD and considers potential alterna‐
tives for both prevention and treatment, such as improving sleep, the use of meditation, and
omega-3 supplementation. Chapter 13, “Mindfulness Meditation—A New Preventive Inter‐
vention for ADHD,” reviews the literature on the efficacy of mindfulness as a technique to
improve attention and self-regulation. The authors conclude that this is a promising inter‐
vention in need of further research. In Chapter 14, “Therapy for ADHD Directed towards
Addressing the Dual Imbalances in Mental Effort and Reward as Illustrated in the Mental
Effort-Reward Imbalance Model (MERIM),” Alison Poulton offers a new model for under‐
standing ADHD that incorporates mood and the experience of reward. This new model
leads to strategies to improve self-regulation and overall functioning. Chapter 15, “Repeti‐
tive Transcranial Magnetic Stimulation in ADHD,” examines the potential role for this novel
treatment. Although results from the handful of existing studies are equivocal, through the
use of a case study the authors argue that further rigorous research may be fruitful. Chapter
16, “Updates on the Use of Natural Treatments for Attention Deficit Hyperactivity Disor‐
der,” reviews the literature on a variety of alternatives. The authors note that some of these
are better supported than others and offer suggestions for future study.

Overall, the chapters included here cover much of this diverse field. Both the professional
and the casual reader alike will find something of interest, whether learning about ADHD
for the first time or looking for inspiration for new research questions or potential interven‐
tions. I hope that the chapters spark new thoughts and, perhaps, debates.
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Section 1

Epidemiology, Etiology and Diagnosis of ADHD





Chapter 1

Epidemiology of Attention Deficit/Hyperactivity
Disorder

Josephat M. Chinawa and Herbert A. Obu

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/61016

Abstract

Attention deficit/hyperactivity disorder (ADHD) is a neuropsychiatric disorder
characterized with attention deficits, hyperactivity, or impulsiveness. The preva‐
lence of ADHD varies from country to country and from various cultural and geo‐
graphical zones. The pattern and distribution of ADHD also vary with gender and
age. It has also been noted that some factors are associated with ADHD. For in‐
stance, some central nervous system anomalies had been associated with ADHD.
Genetic and environmental risk factors have also been implicated. Some conduct
and learning disorders have also been associated with ADHD. Of recent, some car‐
diac anomalies and behavioral disorders such as enuresis and encopresis have all
been associated with children with ADHD.

Conclusion: Attention deficit/hyperactivity disorder (ADHD), a neuropsychiatric
disorder, varies in prevalence from one country to another with several associations.

Keywords: Attention deficit/hyperactivity disorder (ADHD), prevalence, associated
factors

1. Introduction

Attention deficit/hyperactivity disorder (ADHD) is a neurological condition which more often
than not is genetically influenced [1]. It is characterized by impulsivity and restlessness or
hyperactivity [1]. It is the most frequently encountered childhood-onset neurodevelopmental
disorder in the primary care setting. Symptoms usually emerge before 7 years of age [2].

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



There are three types of ADHD, depending on which symptoms are prominent in an individ‐
ual. In the predominantly inattentive type, an affected child finds it difficult to organize or
finish a task, to pay attention to details, or to follow instructions. Such a child is easily distracted
or forgets details of daily routines [3,4]. The second type is the predominantly hyperactive–
impulsive type; a child with this type tends to fidget and talk a lot. Children find it hard to sit
still for long. The child also feels restless and has trouble with impulsivity [4]. The combined
type is the third variety and is associated with symptomatology of the other two types in
varying degrees [3,4].

ADHD affects children and adolescents in various ways and extents; however, the effects of
the condition usually impact greatly on patients and their families and relations. When not
treated, ADHD is frequently associated with underachievement in school, increased rates of
criminality and accidents, and development of comorbid psychiatric symptoms, including
anxiety, depression, and substance use and misuse [5].

It is important to note that not all children with ADHD will have all the symptoms, and the
severity of ADHD and the level of impairment will vary between individuals. In addition,
ADHD symptoms and severity can change with age [6]. Some symptoms, such as hyperactiv‐
ity–impulsivity, may decrease with age. In the corollary, other symptoms, like inattention, are
more likely to continue till adulthood [6]. It is pertinent to know that children with ADHD
may present with other psychiatric disorders, such as learning difficulties or anxiety [6]. The
long-term sequel in children with ADHD is variable. For most subjects with ADHD, the
disorder will persist through childhood into adolescence and adulthood. Although children
with ADHD may present with no issues later in life, they are at increased risk of a range of
adverse outcomes [6]. These include poor academic performance, poor social interaction, and
low self-esteem.

Prevalence varies from country to country. In Nigeria, for instance, the latest prevalence is
3.2% [6], while in other African countries, such as South Africa, Democratic Republic of Congo,
and Ethiopia, the reported prevalence varies from 5.4% to 8.7% [7]. The reported prevalence
from other continents follows a similar trend. For instance, the prevalence of ADHD in Saudi
Arabian primary schools is reported to be as low as 2.7%, while that in Iran is reported to be
as high as 13% [8]. In South America, the prevalence of ADHD in children is about 6%, while
in Germany, ADHD has been reported with a prevalence of 4.8% [9–12].

Although variation in prevalence has been shown to be associated with geographic origin, this
trend has been refuted in recent times. For example, it was postulated that ADHD is an
American dictum, yet recent findings showed that the variation in prevalence with geographic
origin did not fit a pattern consistent with the notion that ADHD is a byproduct of American
culture [12]. For instance, the North American prevalence rate of 6.2% only slightly exceeded
the European rate (4.6%) [12]. The highest rates emerged from Africa (8.5%) and South America
(11.8%). In a collaborative study using a dimensional ADHD scale and in which 21 countries
were involved, Japanese and Finnish children scored lowest, Jamaican and Thai children
scored highest, while American children scored about average [13].
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It has been argued that the variability in ADHD/HD prevalence figures obtained from different
countries in different continents may be best explained by the use of different case definitions
and methodologies. It is further argued that the actual prevalence across geographic sites
should not vary when case definitions are identical. For instance, it has been documented that
the main difference in ADHD prevalence between North America and Europe was explained
by methodology [12]. North American researchers used the Diagnostic and Statistical Manual of
Mental Disorders (DSM) for their case definition, whereas many European researchers had
preferred the International Classification of Diseases (ICD). The ICD-10 strictly requires that a
child must show symptoms in all three dimensions (inattention, hyperactivity, and impulsiv‐
ity) and must meet all criteria at home and at school, while the DSM-IV is more “lenient.” It is
possible to diagnose a child who shows symptoms in only one dimension (inattention) using
the DSM-IV criteria, for instance [13].

2. Sex

ADHD usually occurs more in boys than in girls. The male-to-female ratio ranges between 3:1
and 4:1 [14]. Diagnosis of ADHD has improved in recent years, with decreasing male-to-female
ratio [14]. This is due to increased recognition of inattentive ADHD [14].

3. Age

There are conflicting data that a child with ADHD will also have the disorder as an adult. For
instance, approximately 30–80% of children with ADHD have the disorder as adults. Most
experts noted a rate well above 50%. However, many adults with ADHD were never diagnosed
as children [15]. That their symptoms were missed in childhood is conjectural.

Hyperactive symptoms tend to decrease with age [16]. This is due to developmental trends
toward self-control and changes in neural connections in the brain that occurs during late
adolescence.

However, inattentive symptoms do not appear to have a similar developmental advantage
and tend to remain the same into adulthood [16].

3.1. Risk factors

These include central nervous system involvement, genetics, and environmental risk factors.

4. Central nervous system involvement

It is a well-known fact that abnormalities in the frontal–striatal circuits and the prefrontal cortex
(PFC) affect attention and hyperactivity [17]. Furthermore, neurohormonal aberrations are

Epidemiology of Attention Deficit/Hyperactivity Disorder
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implicated as triggers of ADHD. For instance, abnormalities in norepinephrine, dopamine,
and norepinephrine α-2A inhibits cortical, cerebellar, and striatal processing, which in turn
causes inattention and hyperactivity [18,19]. Structural imaging studies have also shown
smaller volumes in prefrontal cortex, caudate, splenium of corpus callosum, and cerebellum,
as well as smaller total cerebral volume in children with ADHD [20].

5. Genetic influence in ADHD

A higher incidence of ADHD among first-degree family members of ADHD has been reported
[21]. ADHD inheritance is estimated at 0.76, which makes it one of the most genetic psychiatric
disorders [21].

6. Environmental risk factors

It is worth noting that concordance rate of 33% in dizygotic twins, points to environmental
risk factors incurred during the prenatal course [22]. Environmental factors usually implicated
in ADHD include maternal smoking during pregnancy, emotional distress or family adversity
during pregnancy and early in life, birth weight <1500 g, lead exposure, hypoxemia, encepha‐
litis, trauma, and brain injury from some metabolic disorders [22].

Of all these risk factors, pregnancy-associated risk seems to be the most common. For instance,
nicotine (tobacco smoking), alcohol, and caffeine intake during pregnancy pose a greater risk
of ADHD-related disorders among children whose mothers smoked during pregnancy. It is
noted that in Finnish population, children prenatally exposed to maternal smoking had twice
the risk of being diagnosed with ADHD than children of non-smokers [23].

Bekdas, however, used children born after different types of in vitro fertilization techniques
with egg donation as a way to distinguish between genetic and exposure effects. They found
no association between smoking and ADHD phenotype in genetically unrelated mother–child
pairs [24].

It has also been documented that patients with ADHD showed higher titer of measles IgG
while  adolescents  with  ADHD  showed  higher  levels  mumps  [24].  When  patients  with
subtypes of ADHD were compared in terms of seropositivity, it was found that patients
with  ADHD-combined/hyperactive–impulsive  subtypes  had  significantly  elevated  reac‐
tions for Rubella [24].

7. Prevalence of prescribing drugs in the treatment of ADHD

There is varying prevalence of methods of prescription in the management of ADHD. For
instance, a trend of increasing prescribing prevalence of ADHD drug treatment has been
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observed over time in various countries [25]. It is noted that the annual prevalence of any
psychotropic medication in youth was significantly greater in the United States (6.7%) than
that in the Netherlands (2.9%) and in Germany (2.0%) [26]. These differences in psychotropic
medication practice patterns could be due to differences in diagnostic systems, practice
guidelines, drug regulations, availability of funds, and more often than not cultural beliefs [26].

More recent studies from the United States include a study by Zuvekas et al. [27], who used
the Medical Expenditure Panel Survey database. They reported that the prevalence of use of
stimulants in children aged 6–12 years is about 2.7%.

Furthermore, there exist gender differences in methods of prescription of these drugs with a
male preponderance. These findings are in keeping with that reported in a study, where
differences in prescribing between the genders ranging from a ratio of 2:1 to 9 were docu‐
mented [28].

Physicians treating ADHD in European countries noted long-acting methylphenidate as a
drug of choice in the management of ADHD. This was prescribed to more than half of patients.
It was noted that only a third of the patients showed “complete symptom control” on current
treatment, and another third were satisfied with their current treatment [29–30].

8. Prevalence of associated disorders

Furthermore, it is important to note that there exists an overwhelming proof to support the
fact that children with ADHD are at increased risk for other psychiatric disorders [31]. For
instance, children with ADHD have other associated psychiatric disorders in 66% of cases [31].
The most common of these disorders are oppositional defiant disordes and conduct disorders.
It is an established fact that children with ADHD had ODD and CD in about 50% and 20% of
cases, respectively [32]. There is also evidence that children and adolescents with ADHD are
at risk of depressive disorders. Studies have shown increased prevalence rates of 9% to 38%
for depressive disorders in children with ADHD [33,34].

In  addition,  children  with  ADHD  may  present  with  other  medical  conditions,  for  in‐
stance, Tourette syndrome (TS) often in tandem with ADHD. This is called co-occurring
conditions [35].

Findings from the national Centers for Disease Control and Prevention (CDC) study showed
that 86% of children with Tourette syndrome also had ADHD [36]. Furthermore, about 5% of
children with Tourette syndrome had ADHD without learning disorder (LD), while 5% had
LD without ADHD and 4% had both conditions [36]. Approximately 1 in 360 U.S. children
aged 6–17 years ever had TS and are more likely than other children to also have another
neurobehavioral condition or a learning disability [36].
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9. Epidemiology of gender associations of ADHD

There may be gender differences in the types of comorbid disorders seen in children with
ADHD. Findings had suggested higher rates of separation anxiety disorder in females and
ODD and CD in males [37]. “This study also found differences between ADHD subtypes,”
with separation anxiety disorder more common in females with the inattention subtype and
generalized anxiety disorder more common in females with the combined subtype [37].

10. Epidemiology of other co morbid problems

Children with ADHD may experience other problems. They have reduced intelligence than
other children of the same age [38]. Several studies had reported varying findings on incidence
of learning disorders among children with ADHD [38].

Children with ADHD are exposed to both accidental and nonaccidental injuries. Szatmari
et al. [39] noted that 7.3% of children with ADHD experienced accidental poisoning with
23.2% having bone fractures, compared to 2.6% and 15.1%, respectively, in children without
ADHD [39].

There exists high prevalence in criminality among children with ADHD later in life. Male
children with ADHD always grow up as adult offenders ending up with high incidence of
arrests (44%), convictions (29%), and incarcerations (26%). A U.S. longitudinal study among
African American youth revealed that those who reported committing an offence in adoles‐
cence were more likely to have had ADHD symptoms in late childhood when compared to
those who had never did [40].

11. Prevalence of ADHD and co morbidities among offenders

Studies have shown that about a fifth of prisoners with ADHD present with other psychiatric
condition. These include substance use and misuse and personality disorder [41]. Learning
disorders and personality were most common among them [41]. Furthermore, the prevalence
of ADHD among adolescent offenders varies, although this is higher than the general popu‐
lation [42]. Psychiatric comorbidity among adolescents with ADHD is paramount. This include
CD, major depressive disorder, dysthymia, mood disorder, anxiety, posttraumatic stress
disorder, adjustment disorder, summarization disorder, and substance abuse disorder [42].

12. Prevalence of ADHD in childhood autism spectrum disorders

Autism spectrum disorders (ASD) and ADHD often coexist. It is noted that about 28–44% of
adults diagnosed with ASD also meet criteria for ADHD [43]. Both conditions when they
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coexist can have a large negative impact on the quality of life of affected individuals and their
families. A better understanding of the etiology of this co-occurrence is therefore important
[43]. Much is not known on the etiology of the associations between ASD and ADHD in adults.
In addition, recent works were unable to eke out any differences in the etiology and associa‐
tions of ASD and ADHD with respect to gender [43–44].

13. ADHD in children with heart disease

ADHD is found to be more prevalent in children with heart disease than in the general pediatric
population. Inattention was identified in 45% of children and hyperactivity in 39% of children
with heart disease based on the responses of parents and teachers on the DSM-IV Rating Scale
and Behavior Assessment System for Children [45]. It is important to note that more than two
thirds of children with hypoplastic left heart syndrome were found to have attention/hyper‐
activity problems. In the corollary, it was found that 50% of children with total anomalous
pulmonary venous return fulfilled the criteria for abnormal hyperactivity and/or attention
deficits [45]. This link could be due to chronic or intermittent hypoxia experienced by children
with heart disease which culminates into adverse effects on development, academic achieve‐
ment, and behavior.

14. Enuresis and ADHD

ADHD does not cause enuresis nor is it known to be a symptom of ADHD [46]. However,
there seems to be a higher prevalence rate of enuresis in children with ADHD. Children with
ADHD had a 2.7 times higher incidence of enuresis and a 4.5 times higher incidence of daytime
enuresis [46,47] than children without ADHD.

15. Encopresis and ADHD

Children with ADHD who are about 7.3 ± 1.3 years were twice more likely to meet DSM-IV
criteria for enuresis than non-ADHD controls; they were 1.8 times more likely to do so than
children without ADHD [48].

16. Conclusion

Attention deficit/hyperactivity disorder (ADHD), a neuropsychiatric disorder, varies in
prevalence from one country to another. These variations could be due to geographical and
cultural construct. It could also be due to the criteria used in the diagnosis of ADHD.
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In addition, ADHD had been known to have a varying epidemiology in gender with a fast
reducing gap between male–female ratio probably due to increased recognition of inattentive
ADHD. Attention deficit/hyperactivity disorder (ADHD) is indeed a behavioral disorder with
several epidemiological associations. Clinicians, especially in developing countries, should
therefore manage an individual with ADHD with a view that there could be other associated
behavioral disorders, thus the need for multidisciplinary involvement.

Moreover, the fact that abnormalities in the frontal–striatal circuits and the prefrontal cortex
(PFC) affect attention and hyperactivity could be a tell tale sign for neuropsychological
intervention. In addition, drugs that can completely modify the frontal–striatal circuits and
the prefrontal cortex (PFC) in attention and hyperactivity will be worthwhile and a template
for future studies.
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Abstract

Environmental factors in etiology of ADHD Attention deficit and hyperactivity
disorder (ADHD) is one of the most common developmental disorders of childhood.
It was reported that it is a disease that affects 5.29% of children and adolescents in the
entire world. Although ADHD is a disorder with high inheritability, genetic factors
are not the only explanation to ADHD etiology. ADHD is a disorder etiology which
has genetic and environmental components and gene-environment interaction. In
spite of the fact that many environmental factors are linked to ADHD, the number of
environmental factors that are proven to be in significant cause-effect relation is too
small. In other words, in presence of proper genetic basis, disease appears in presence
of many environmental factors each of which have a slight effect, its severity or
prognosis is variable. Environmental factors that are most commonly linked to ADHD
pathophysiology are; complications during pregnancy, natal and postnatal period,
several toxins and food substances. It has been considered that exposure to risk factors
that may affect development of the brain in any of these periods will have long-term
effects on behavior. Along with mother’s cigarette or alcohol use during pregnancy,
emotional difficulties, medical diseases and complications of pregnancy; natal
complications, low birth weight, premature birth, post mature birth, physical traumas
that may affect brain development in early childhood, psychosocial difficulties are
also found to be related to ADHD. Studies of gene-environment interaction also note
the importance of environmental factors. For example, a study showed that in cases
which carry 7 repeated alleles of DRD4, exposure to prenatal cigarettes causes more
severe symptoms of ADHD. The purpose of this paper is to evaluate the role of
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environmental factors in etiology of ADHD, review these factors in the light of related
literature and, lastly, to mention gene-environment interaction.

Keywords: ADHD, risk factors, enviromental factors, etiology

1. Introduction

Attention deficit hyperactivity disorder (ADHD) is a disorder with strong genetic origins, and
a number of factors play a role in its etiology [1]. Although ADHD is characterized by the
symptoms of attention deficit, hyperactivity, and impulsivity, it was reported that it might
have a phenotypic etiological heterogeneity, and all those variables might affect the outcomes
of the disorder [2].

The studies on the etiology of ADHD have focused on genetic, neurochemical, and brain
imaging methods, as well as the environmental risk factors. Similar to many psychiatric
disorders, it appears that interactions of the small effects of a number of genes with each other
and the environment result in the development of the disorder [1-3]. Determining the envi‐
ronmental risk factors that play a role in the etiology of the disorder or affect the outcomes
negatively is important to provide more comprehensive interventions starting from early
developmental periods, and to take required precautions in those patients [4]. It has been
currently shown that various environmental risk factors probably increase the incidence of
childhood ADHD. In this paper, we mentioned the environmental risk factors that were most
commonly associated with ADHD etiology.

2. Pre- and perinatal complications

Complications related to gestation, labor, and the neonatal period are the most common
environmental risk factors that were associated with ADHD pathophysiology. Problems that
occur before, during, or after birth were supposed to play a role in the development of ADHD.
It has been supposed that the risk factors that affect brain development negatively in critical
periods would have long-term effects on cognitive functions and behaviors [5]. ADHD has
been associated with maternal smoking and alcohol consumption, emotional stress and
medical diseases during pregnancy, and gestational complications as well as complications
during labor, low birth weight, prematurity or postmaturity, early childhood physical trauma
that could affect brain development negatively, and psychosocial challenges [6-9]. The
complications that were associated with ADHD include gestational maternal health problems,
toxemia or eclampsia, maternal age, intrauterine infections, fetal postmaturity or prematurity,
difficult traumatic labor, fetal stress, low birth weight, prenatal bleeding, and all postnatal
complications that can negatively affect brain development [9, 10]. Şenol et al. (2001) analyzed
prenatal and perinatal histories of 121 patients with ADHD, 50 patients with oppositional
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defiant disorder (ODD), and 99 patients with conduct disorder (CD) and reported hypoxia in
5.6%, preterm labor in 9.3%, post-term labor in 4.4%, and unplanned pregnancy in 22.6% of
the cases [11]. Prenatal, natal, and postnatal characteristics of the patients and the season of
birth were investigated in an unpublished thesis study performed by us, and labor problems
(difficult traumatic labor, maternal psychosocial stress and smoking, hypoxia, postnatal
jaundice, gestational hypertension) and Cesarean section rate in ADHD group were found
significantly higher than the control group [12]. Those findings are in accordance with the
previous studies that reported low birth weight, and gestational and neonatal complications
were risk factors for ADHD [13, 14].

Pre- and perinatal risk factors may cause hypoxic injury and neuronal developmental defects
at the early developmental periods of the brain. Basal ganglions that have usually been linked
to with ADHD are one of the most metabolically active structures of the brain, and they are
sensitive to hypoxic injury [10]. Any perinatal injury to the frontal lobe has been reported to
probably affect cognitive functions such as attention, motivation, and planning, and cause
ADHD symptoms [15].

Although some studies reported a strong correlation between low birth weight and ADHD
[16, 17], some other studies did not rule out potential familial confounding and gene-environ‐
ment interactions [18-20], and suggested that children with low birth weight were more often
inattentive, had social problems, and low self-esteem. Another study found that children who
were born preterm were at risk for reduced cognitive test scores at school age [21]. A previous
large twin study reported that birth weight accounted for less than one percent of the variance
in ADHD symptoms, and it was not a major risk factor for ADHD [22]. Some previous studies
reported that low birth weight affected inattention more than hyperactivity [17, 21]. However,
a recent comprehensive twin study reported that a lower birth weight was significantly
correlated with increased severity of all ADHD symptoms including inattention, hyperactiv‐
ity-impulsivity, and total scores, and those findings supported the results of previous positive
studies. This large recent study is important for demonstrating the correlation of low birth
weight with ADHD, which remained after being controlled for gestational age, and shared
environmental and genetic confounds [16]. In a longitudinal follow-up study it was found that
low birth weight increased the development of ADHD 2.11-fold compared with the general
population [23]. In accordance with these data, it could be concluded that low-birth weight is
an important risk factor for the development of ADHD.

In a recent study that investigated the relation between maternal age at childbirth and risk for
ADHD in the offspring, it was reported that women giving birth at younger ages (teenage
mothers) were more likely to have children with ADHD. The relation of early maternal age
with ADHD was explained by genetic confounding, which means genetic factors transmitted
from mothers to children contributed to both mother’s age of childbirth and ADHD in the
offspring [24].

More gestational psychosocial stress was reported in mothers of the children with ADHD [8,
25]. Mother’s depression, stress, or nervousness during pregnancy are associated with a broad
spectrum of negative outcomes including emotional problems, ADHD symptoms, and defects
in the cognitive development of the child. Prenatal anxiety and depression were supposed to
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contribute 10–15% of the burden attributed to emotional and behavioral negative outcomes.
The biological mechanisms underlying the relation of prenatal stress and negative outcomes
in the child have been recently started to be enlightened. Exposure to prenatal stress was
supposed to cause changes in the behavior of the child by increasing the levels of corticotropin
releasing hormone, and by disturbing functions of hypothalamic pituitary adrenal (HPA) axis.
Disturbed HPA functions were closely associated with neurobiological development and the
risk for psychiatric disorders [25, 26]. Although increased exposure to high levels of cortisol
in fetus was shown in animal models, some authors commented that HPA axis operated
differently in humans, and responded to stress less as the gestational age increased [27]. On
the other hand, some others reported that stress increased fetal transfer of maternal cortisol
through placenta, decreased the levels of placental enzyme (11β-HSD2) that converted cortisol
to inactive cortisone, and the cognitive development of the fetus was affected negatively as
the cortisol levels in the amniotic fluid increased [27]. The sympathetic nervous system that is
activated during stress was reported to decrease blood flow to the fetus by increasing the
resistance of uterine artery, and a decreased blood flow could affect the brain development of
the fetus [28]. Those findings may explain the relation of exposure to prenatal stress with the
development of ADHD.

3. Prenatal maternal smoking

Prenatal maternal smoking was reported to be a risk factor for hyperactivity in the offspring.
It was reported that 25% of the mothers who gave birth smoked in the United States, and only
a small proportion of them quit smoking after they had learned that they were pregnant [29].
The rate of smoking during pregnancy was reported between 3% and 37% in Turkey [30-33].
Millberger et al. (1996) reported that 22% of children with ADHD had a history of prenatal
cigarette smoke exposure whereas 8% of children without ADHD had the same exposure
history. Smoking disturbs normal placental functions by decreasing uterine blood flow [34].
Decreased oxygen supply and nourishment of fetus results in hypoxia-ischemia and malnu‐
trition [35]. As a result, intrauterine growth retardation occurs [36]. A number of studies
reported that prenatal exposure to cigarette smoke affected pre- and postnatal growth
negatively, damaged neuronal pathways, caused abnormalities in cellular proliferation and
differentiation, inhibited development of cholinergic and catecholaminergic systems, and
hence increased the risk for cognitive developmental defects and behavior problems in
children and adolescents [37, 38]. Prenatal exposure to nicotine stimulates fetal pre-synaptic
high affinity α4β2 neuronal nicotinic receptor complex, and alterations appear in neurite
growth and branching through DRD4 receptors as a result of increased release of dopamine
(DA) from the dopaminergic neurons. Those developmental changes in neuronal maturation
result in permanent alterations in neuronal organization and functions [39]. Milberger et al.
(1998) found that maternal smoking increased the risk of ADHD by 2.7-fold [36]. A subsequent
study by Hjern et al. (2010) reported that maternal smoking during pregnancy increased
ADHD prevalence by 2.86-fold [40]. Interestingly, Han et al. (2014) showed that a non-smoking
mother’s exposure to environmental tobacco smoke, which reflected paternal smoking during
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pregnancy, was also associated with increased risk of ADHD [41]. Kotimaa et al. (2003)
reported a dose-response relationship between maternal smoking during pregnancy and
hyperactivity [42].

Dopaminergic and noradrenergic systems were found to be hypoactive and unresponsive to
exogenous stimulation after prenatal nicotine exposure [43]. Prenatal nicotine exposure was
also shown to decrease nicotine-triggered norepinephrine release [44]. It has been supposed
that this disturbance in the development of catecholaminergic system may be related to
increased ADHD prevalence [10].

The interactions of environmental factors with genetic factors are important for the clinical
presentation and developmental course of ADHD. DRD4 7 repeat allele is the most commonly
associated allele with ADHD, and it is known that it increases the sensitivity of the child to
environmental factors [45]. Neuman et al. (2007) reported that prenatal cigarette smoke
exposure caused more severe ADHD symptoms in subjects carrying DRD4 7 repeat allele [46].
Subsequently, a similar study performed by Altink et al. (2008) did not find any significant
gene-environment interaction [47]. When the relation of DAT1 gene with ADHD was consid‐
ered, Neuman et al. (2007) reported that the odds ratio for ADHD was 2.9 among twins with
DAT1 440 allele and prenatal cigarette smoking exposure. The odds ratio for ADHD was 3.0
among twins with DRD4 7 repeat allele who were exposed to prenatal cigarette smoke [46]. In
a subsequent study conducted by Becker et al. (2008), it was shown that neither DAT1 nor
prenatal cigarette smoke exposure was related to ADHD symptoms; however, males exposed
to prenatal cigarette smoke and homozygous for DAT1 gene 10 repeat allele had higher
hyperactivity-impulsivity [48]. On the other hand, further maternal risk factors (young age,
low level of education, poor prenatal care, maternal behavioral problems) besides maternal
smoking were supposed to be influential for the relation between nicotine and ADHD in
addition to a direct cause-and-effect relationship [49].

In summary, it is now known that prenatal nicotine exposure is an important environmental
risk factor for the development of ADHD. The next step will be to determine which epigenetic
mechanisms are responsible.

4. Prenatal alcohol exposure

Maternal alcohol consumption is one of the risk factors for the development of ADHD. Prenatal
alcohol exposure is neurotoxic and gives rise to brain abnormalities [50, 51]. Prenatal alcohol
exposure increases the risks for hyperactivity, destructive-offense oriented or impulsive
behavior, and psychiatric disorders in children. Disturbed cognitive abilities include overall
intellectual performance, learning and memory, language, attention, reaction time, visual-
spatial abilities, executive functions, fine and gross motor skills, and adaptive and social
behaviors [52]. Streissguth et al. (1990) reported that moderate levels of prenatal alcohol
exposure might have long-lasting effects on IQ, and led to learning problems in school aged
children [53].
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Various studies showed that prenatal alcohol exposure increased the risk for ADHD [41, 54].
Some other studies did not report any association between prenatal alcohol exposure and
Continuous Performance Taskperformance in school aged children [55]. Similarly, Rodriguez
et al. (2009) did not report any significant association between ADHD and prenatal alcohol
exposure [56]. In another study, maternal alcohol consumption was suggested to be associated
with a higher rate of conduct problems, but not with ADHD [57]. In a recent review article, it
was suggested that heavy prenatal alcohol exposure was associated with symptom character‐
istics of ADHD including externalizing problems, inattention, impulsivity, as well as the
diagnosis of ADHD. However, the association of low to moderate levels of prenatal alcohol
exposure with ADHD was less conclusive [58]. The data so far indicate that there is no strong
evidence showing that prenatal alcohol exposure plays as much of a role in the development
of ADHD as prenatal nicotine exposure. Therefore, longitudinal follow-up studies with large
samples are needed to understand the exact effect of prenatal alcohol exposure on ADHD
development.

5. Prenatal substance exposure

Various studies showed that gestational exposure to cocaine was associated with behavio‐
ral  problems and attention disorders  in  preschool  and school  aged children [59].  Expo‐
sure to cocaine may cause behavioral alterations by changing the monoaminergic system
[58]. Disruption of the monoaminergic system’s development in the prenatal period may
result in changes in various cognitive and behavioral processes such as emotional regula‐
tion, arousal, and attention [60]. Cocaine exposure in the first trimester was reported to be
significantly  associated  with  increased  behavioral  problems  in  3-year-old  children  [61].
Another  study evaluated 6-year-old,  cocaine and non-cocaine exposed children’s  mental
health  outcomes,  and  showed  that  cocaine  exposed  children  were  more  likely  to  self-
report ADHD and oppositional defiant disorder symptoms [62]. A large maternal lifestyle
study  performed  by  Bada  et  al.  (2011)  reported  that  prenatal  cocaine  exposure  as  de‐
clared by teacher and parents  predicted (or  was associated with)  externalizing behavior
problems in preadolescent children [63].

In a series of studies, Richardson et al. showed that prenatal cocaine exposure was associated
with neurobehavioral and neurophysiological alterations at birth [64], temperament at 1 year
[65], and temperament, memory, and behavior at 3 years of age [61]. Same authors reported
that children exposed to cocaine during pregnancy had more behavior problems at 7 years of
age when compared to the children of women who stopped using cocaine at pregnancy’s early
stages or who never used cocaine prenatally. Therefore, it was emphasized that third trimester
use reflecting use throughout pregnancy was associated with significantly more externalizing
behavior problems and inattention [66]. On the other hand, follow up analysis performed when
the children were 10 years old did not show any significant effect of prenatal cocaine exposure
on externalizing problems [67]. As it was commented, the latter result indicated that the results
of prenatal cocaine use might differ in relation with methodological factors such as the type
of assessment and observer [67], as well as developmental stage [58].
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The data on the long-term effects of heroin use are more scarce [58]. Wilson et al. (1979) reported
parent-reported uncontrollable tempers and impulsiveness in 3- to 6-year-old children
exposed to prenatal heroine, and indicated that those children were more hyperkinetic [68].
Another study reported that children with prenatal methadone exposure were considered to
have parent-reported hyperactivity and externalizing behavior problems [69].

Slinning (2004) reported that foster placed children prenatally exposed to poly-substances had
significantly elevated levels of impulsivity and attention problems at preschool ages [70]. The
presence of environmental changes in studied children such as adoption or accommodation
in foster care homes, and comparing those children with healthy controls living together with
their biological parents appear as limitations of the studies investigating the effects of prenatal
substance exposure on behavior and the attention of children. On the other hand, living with
foster-parents may imply the presence of an adequate care, and it may be considered as a
protective factor against postnatal risk factors. Contrary to this hypothesis, Ornoy et al. (2010)
reported that adoption did not relieve the effects of prenatal exposure to drugs [71]. Another
study showed that children born to heroin-dependent parents and raised at home had lower
cognitive abilities and higher attention problems at preschool and school ages. However,
children who were born to heroin-dependent mothers, adopted, and being raised in an ideal
environment had high frequencies of attention and behavioral problems, but normal intellec‐
tual functions. Finally, it was found that all school aged children born to heroin-dependent
parents including the ones raised at home and adopted had a high rate of ADHD, but an ideal
environment after birth had a positive effect on intellectual abilities [72]. Although this result
was interpreted as ADHD symptoms might be directly associated with heroin exposure and
originated from fetal brain injury related to heroin [71, 72], the high incidences of hyperactivity
and inattention in children born to heroin-dependent fathers [72] suggest that different
environmental factors contribute to this association.

When it is considered that caretaker characteristics, home environment, and community
factors are also risk factors for later behavior problems [63], it is clear that prenatal substance
abuse may be a predisposing factor for those risk factors as well as other environmental risk
factors such as presence of other maternal psychopathologies, malnutrition during pregnancy,
exposure to other abused substances, and unfavorable postnatal living conditions.

6. Toxins and food additives

Various toxins and food additives were investigated in the etiology of ADHD. Exposure to
toxins such as lead, mercury, and manganese, or food additives such as dyes and preservatives,
as well as sugars was reported to result in the development of ADHD [73-75]. Braun et al.
(2006) reported that higher blood lead concentrations in children had a significant correlation
with ADHD, and children with a blood lead level >2.0 µg/dL had 4.1-fold increased risk for
ADHD [76]. It was emphasized that blood lead levels under 10 µg/dL which is the level set by
Centers for Disease Control and Prevention was associated with an increased risk of ADHD
in children [76, 77]. Exposure to lead and polychlorinated biphenyls (PCBs) was shown to
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cause cognitive deficits similar to those seen in children with ADHD, and disturbed attention
and executive functions [78]. Studies on children and animal models indicated that lead
disrupted both response inhibition and attention processes [79-81], however PCBs tended to
disturb response inhibition to a greater degree than attention [78, 82-84]. In a recent study,
Neugebauer et al. (2015) investigated the effects of prenatal polychlorinated dibenzo-p-dioxins
and furan (PCDD/F), PBC, and lead exposure on attention performance in school-aged children
[85]. They found that pre- and perinatal PCDD/F and PBC exposure might affect attention
performance in healthy children at low environmental levels while PCDD/F or PBC exposure
were negatively associated with ADHD-related behavior, and prenatal lead exposure had an
effect on attention deficits [85]. However, cumulative findings on the association between lead
exposure and attention deficits are less consistent.

The data on relation of environmental mercury exposure and ADHD are not consistent [86-88].
A recent meta-analysis by Yoshimasu et al. (2014) suggested that environmental perinatal
mercury exposure (exposure sources were air pollution, maternal fish consumption during
pregnancy estimated by maternal hair samples, or childhood environmental exposure
measured by blood sample) was significantly associated with an increased risk of ADHD. On
the other hand, the mercury exposure of embryos or young infants related to thimerosal
containing vaccines were not associated with an increased risk for ADHD [89]. Studies that
investigated the association between postnatal pyrethroid pesticide exposure and ADHD
revealed diverse findings. Rodríguez (2012) reported a correlation between urine levels of
pyrethroid pesticide’s metabolite 3-phenoxy-benzoic acid (3-PBA) and ADHD in girls [90]
whereas Quirόs- Alcalá et al. (2014) showed that postnatal pyrethroid exposure was not
associated with the parental report of ADHD in children [91].

In fact, exposure to those toxins and food additives cannot be determined in many of the
children  with  ADHD,  and many children  who are  exposed to  those  substances  do  not
develop ADHD. Therefore, scientific evidence related to those substances need to be further
clarified [10].

7. Season of birth

It was suggested that season of birth was one of the environmental risk factors. It was reported
that season of birth paved the way for seasonal viral infections, and it might play an important
role in the etiology and pathophysiology of ADHD [92]. Chotai et al. (2003) reported that
season of birth variations were different for schizophrenia and affective disorders in trypto‐
phan hydroxylase, serotonin transporter, and DRD4 gene polymorphisms. Therefore, it was
reported that season of birth could be a confounding variable when investigating the role of
the candidate genes in susceptibility to psychiatric disorders [93]. Being born in spring or
summer was associated with an increased risk for neurodevelopmental disorders [94]. This
period was associated with the presence of a short sunlight time for a long period and
decreased sex hormones as well as increased pineal gland activity and melatonin release.
Melatonin is synthesized from serotonin by N-acetyltransferase enzyme. Melatonin synthesis
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and furan (PCDD/F), PBC, and lead exposure on attention performance in school-aged children
[85]. They found that pre- and perinatal PCDD/F and PBC exposure might affect attention
performance in healthy children at low environmental levels while PCDD/F or PBC exposure
were negatively associated with ADHD-related behavior, and prenatal lead exposure had an
effect on attention deficits [85]. However, cumulative findings on the association between lead
exposure and attention deficits are less consistent.

The data on relation of environmental mercury exposure and ADHD are not consistent [86-88].
A recent meta-analysis by Yoshimasu et al. (2014) suggested that environmental perinatal
mercury exposure (exposure sources were air pollution, maternal fish consumption during
pregnancy estimated by maternal hair samples, or childhood environmental exposure
measured by blood sample) was significantly associated with an increased risk of ADHD. On
the other hand, the mercury exposure of embryos or young infants related to thimerosal
containing vaccines were not associated with an increased risk for ADHD [89]. Studies that
investigated the association between postnatal pyrethroid pesticide exposure and ADHD
revealed diverse findings. Rodríguez (2012) reported a correlation between urine levels of
pyrethroid pesticide’s metabolite 3-phenoxy-benzoic acid (3-PBA) and ADHD in girls [90]
whereas Quirόs- Alcalá et al. (2014) showed that postnatal pyrethroid exposure was not
associated with the parental report of ADHD in children [91].

In fact, exposure to those toxins and food additives cannot be determined in many of the
children  with  ADHD,  and many children  who are  exposed to  those  substances  do  not
develop ADHD. Therefore, scientific evidence related to those substances need to be further
clarified [10].

7. Season of birth

It was suggested that season of birth was one of the environmental risk factors. It was reported
that season of birth paved the way for seasonal viral infections, and it might play an important
role in the etiology and pathophysiology of ADHD [92]. Chotai et al. (2003) reported that
season of birth variations were different for schizophrenia and affective disorders in trypto‐
phan hydroxylase, serotonin transporter, and DRD4 gene polymorphisms. Therefore, it was
reported that season of birth could be a confounding variable when investigating the role of
the candidate genes in susceptibility to psychiatric disorders [93]. Being born in spring or
summer was associated with an increased risk for neurodevelopmental disorders [94]. This
period was associated with the presence of a short sunlight time for a long period and
decreased sex hormones as well as increased pineal gland activity and melatonin release.
Melatonin is synthesized from serotonin by N-acetyltransferase enzyme. Melatonin synthesis
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peaks at night, and it is at minimum during the day. It has been supposed that melatonin
inhibits DA synthesis in many regions of the brain including striatum, and DA inhibits
melatonin production via DRD4. It was reported that melatonin-DA interaction during
pregnancy might result in decreased postsynaptic DRD4 receptor sensitivity [95]. Mick et al.
(1996) reported significant relations of winter births and ADHD children with learning
disabilities, and no psychiatric comorbidity [92]. Some studies investigated the relation
between DRD4 gene and season of birth. Seeger et al. (2004) performed a study on patients
with ADHD and comorbid DB, and claimed that seven-repeat allele could be associated with
a relative risk only in the ones who were born in summer [96]. On the contrary, another study
by Brookes et al. (2008) found a significant relation between winter births and seven-repeat
allele in a large sample group [97].

In conclusion, in light of these data, it is not clear that any of the birth seasons are related to
an increased risk for ADHD development. The main reason for the inconsistent results in this
area might be that the birth season has an indirect effect on ADHD by affecting the exposure
to other environmental risk factors such as seasonal viral infections or hormonal changes.
When the role of gene-environment interactions and various epigenetic mechanisms on ADHD
etiology are taken into account, it is obvious that there is a need to consider all these interactions
and the effects of secondary environmental factors on the results.

8. Iron deficiency

The relation between iron deficiency and ADHD symptoms was investigated in some studies
[98]. A direct correlation was proposed between iron and dopamine dysfunction, which was
suggested to be the case in ADHD. Iron is a cofactor of tyrosine hydroxylase enzyme that plays
a role in the rate limiting step of dopamine synthesis [99], and animal studies showed that iron
deficiency could affect dopamine receptor density in brain [100]. Konofal et al. (2004) reported
low ferritin levels in 84% of the children diagnosed with ADHD, and found a negative
correlation between ferritin levels and ADHD symptom severity [101]. Another study found
a correlation between low ferritin levels and hyperactivity scores in children with ADHD,
however no relation was found with cognitive functions [102]. Karakurt et al. (2011) reported
a significant negative correlation between behavior problems and ferritin levels in children
with ADHD [98].

Although the results of studies are conflicting, iron supplementation was reported to decrease
ADHD symptoms [103]. A large study that investigated the effects of iron deficiency and
ferritin levels on treatment of ADHD with stimulants reported that neither iron deficiency nor
ferritin levels had significant correlations with short-term response to stimulant therapy, and
the authors claimed that the relation between iron metabolism and ADHD was more complex
contrary to the popular belief [104].

The results of the researches investigating the relationship of iron deficiency with ADHD
etiology show promise and form the basis of further studies to investigate the levels of iron in
brain tissue by various neuroimaging methods or classified patients according to the factors
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that may affect the iron parameters in different ways. However, in this instance, before
drawing any conclusions in this area, there is a need for further research.

9. Psychosocial stress factors

Psychosocial challenges such as maltreatment, emotional trauma, and sexual abuse were
correlated with ADHD development [105, 106]. Familial factors associated with childhood
mental disorders including severe marital discord, low social status, a large family, paternal
criminality, maternal mental disorders, lack of family consolidation, and living in nursing
homes were described as adversity factors [7]. In a recent retrospective study that aimed to
determine the parameters predictive of later diagnosis of ADHD in infants and toddlers, one
of the identified factors was psychosocial risk factors, including stress, marital conflicts,
separation and divorce, and maternal depression [107]. In a systematic review that investigated
environmental risk factors for disruptive behavior disorders (ADHD, ODD, CD), psychosocial
risk factors such as parental stress, maternal depression, early deprivation, separation, and
adoption were reported to be associated with disruptive behavior disorders [108]. In a
prospective cohort study conducted with the general population and consisting of 2,057
children followed up from 5 months to 8 years, as well as other various environmental risk
factors, three important psychosocial risk factors were found to be associated with ADHD
development: non-intact family, paternal history of antisocial behavior, and maternal depres‐
sion [23]. Comparison of the families with children with ADHD and the families without
children with ADHD revealed more interpersonal conflicts, increased maternal stress and
marital discord, separation and divorce, less family dialogues and positive family experiences
in ADHD families [109]. In a study investigating how early-life deprivation might cause
ADHD, it was reported that early-life deprivation disrupted cortical development and caused
reduced cortical thickness and atypical functioning in regions associated with regulation of
attention. The increased rates of ADHD among children raised in institutional settings were
reported to be possibly associated with this mechanism [110].

Although some authors did not believe in a causative role of parental discipline on the
development of ADHD [111], some others believe that discipline problems played an impor‐
tant role in the development of ADHD symptoms, and observing behavior problems and
oppositional defiant disorder in children with ADHD [112]. Gathering negative factors rather
than the presence of any of those factors was reported to affect development in a negative way.
Psychosocial factors were reported to have effects on preparation and fast manifestation in the
development of ADHD [113].

10. Conclusion

The most important challenges in studies investigating the environmental factors in ADHD
etiology include subjectivity of retrospective assessment, common intermingling of the risk
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attention. The increased rates of ADHD among children raised in institutional settings were
reported to be possibly associated with this mechanism [110].
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10. Conclusion
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etiology include subjectivity of retrospective assessment, common intermingling of the risk
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factors, possibility of observer bias, and methodological differences among studies. However,
the results of most current studies grew stronger owing to prospective and longitudinal study
design, obtaining information from multiple sources such as parents and teachers, use of
standardized scales, planning of the study by considering secondary and even tertiary risk
factors in addition to the primary risk factor, and analyzing multiple factors in statistical
analysis. In this regard, the cumulative evaluation of all studies performed to date indicates
the significance of environmental risk factors in the development of ADHD. However, while
some of these environmental risk factors are well established, others still require more
investigation. Although the association of pre- and perinatal complications that cause hypoxic
injury, low birth weight, prenatal nicotine exposure, various perinatal psychosocial risk factors
such as maternal depression and parental stress with etiology of ADHD are more clear, the
study results associated with prenatal alcohol exposure, toxins, and food additives or iron
deficiency are contradictory.

In summary, different from the other etiologic factors, relatively controllable and preventable
characteristics of environmental risk factors put forward their importance once again. Deter‐
mination of the environmental risk factors that play a role in the etiology of ADHD and other
neurodevelopmental disorders is important for possible prevention of those diseases, as well
as for the execution of comprehensive interventions starting from early developmental stages,
and for taking necessary precautions.
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Abstract

The main objective of the chapter is to review the types of electroencephalographic
measures of functional connectivity that have been used so far in the study/diagnosis
of ADHD. The review will include the methods and results so far reported in the
literature as well as those conducted by our research group.

Keywords: ADHD, EEG Connectivity, Synchronization measures

1. Introduction

Quantitative EEG analysis techniques have been used since the beginning of 1990s to investi‐
gate the neural correlates of attention deficit hyperactive disorder (ADHD). Early works in
this field analysed changes in univariate EEG linear measures, the main focus of these studies
being the absolute or relative spectral power in different EEG frequency bands (see, e.g., [1-3]).
Over the years, other univariate measures coming from the analysis of nonlinear systems have
been incorporated into the study of ADHD. These measures are dedicated, among other
factors, to assessing the complexity of EEG channels [4, 5]. Together with univariate measures,
quantitative measures assess the linear or nonlinear interdependence between two EEG
channels (bivariate measures) or a set of pairs of channels (multivariate measures) have been
developed and used for the investigation of ADHD [4, 6-9]. These measures represent an
estimate of the functional connectivity (FC, to be defined below) between the signals recorded
from different electrodes of the subject under study and appear to offer a better perspective

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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with regard to the clinical diagnosis of ADHD than univariate measures [4, 10]. This chapter
is dedicated to describing and explaining the most commonly used multivariate EEG measures
to date in the context of ADHD, as well as the most relevant results that have been derived
from their implementation.

2. Functional connectivity from EEG

Functional connectivity (FC) refers to the existence of a statistical dependence between some
of the features of two signals, be it their amplitudes, their phases or their reconstructed state
spaces [11]. Among the linear methods most commonly used to assess the existence of such
dependence, we can mention the cross correlation function and magnitude squared coherency
(see description below), which analyses the relationship between signals in the time and
frequency domains, respectively. At the end of the previous century and the beginning of the
present one, different nonlinear methods stemming from the field of complex dynamical
systems theory began to be used to characterize the existence of functional connectivity in EEG
(see [12, 13] for reviews). Despite the usefulness of these methods and the potential interest of
assessing the degree of interdependence between two EEG channels as a proxy of the rela‐
tionship between two brain areas, its application in EEG studies is not straightforward [13].
On the one hand, the effect of volume conduction in extracranial EEG recordings, whereby the
activity of one neural source is picked up by different electrodes, creates a spurious (i.e., not
due to true interaction between two sources) FC between the electrodes [14]. Different
strategies have been proposed to deal with this problem [14-18] but none of them are perfect.

On the other hand, the very nature of EEG, which includes a reference signal in the recordings,
may also affect the FC estimators if the reference is active; this is a problem that has been well-
documented in coherency studies [19, 20]. Current source density estimators may alleviate but
not completely cure this flaw [21, 22]. Thus, in the case of EEG, interpretation of the results
from FC analysis should be done very carefully and one should talk about a pattern of FC with
a given reference and connectivity measure, rather than directly extrapolating the results to
the existence of synchronization between the areas immediately below the electrodes. Such FC
patterns are often further analysed by using the matrix of interdependence indices ξij (where
i, j = 1,..., n, are the number of recorded signals) as the adjacency matrix of a complex brain
network, which can be characterized in terms of its different topological properties, which are
known to be altered in different pathologies (see [13, 23] for recent reviews). Therefore, FC is
still a useful tool for analysing EEG records, which provides insight into EEG changes
associated with different pathologies such as ADHD.

3. Functional Connectivity in ADHD: A view from fMRI

FC between different brain regions can be studied with good spatial resolution using image
analysis techniques such as positron emission tomography (PET), positron emission tomog‐

ADHD - New Directions in Diagnosis and Treatment36



with regard to the clinical diagnosis of ADHD than univariate measures [4, 10]. This chapter
is dedicated to describing and explaining the most commonly used multivariate EEG measures
to date in the context of ADHD, as well as the most relevant results that have been derived
from their implementation.

2. Functional connectivity from EEG

Functional connectivity (FC) refers to the existence of a statistical dependence between some
of the features of two signals, be it their amplitudes, their phases or their reconstructed state
spaces [11]. Among the linear methods most commonly used to assess the existence of such
dependence, we can mention the cross correlation function and magnitude squared coherency
(see description below), which analyses the relationship between signals in the time and
frequency domains, respectively. At the end of the previous century and the beginning of the
present one, different nonlinear methods stemming from the field of complex dynamical
systems theory began to be used to characterize the existence of functional connectivity in EEG
(see [12, 13] for reviews). Despite the usefulness of these methods and the potential interest of
assessing the degree of interdependence between two EEG channels as a proxy of the rela‐
tionship between two brain areas, its application in EEG studies is not straightforward [13].
On the one hand, the effect of volume conduction in extracranial EEG recordings, whereby the
activity of one neural source is picked up by different electrodes, creates a spurious (i.e., not
due to true interaction between two sources) FC between the electrodes [14]. Different
strategies have been proposed to deal with this problem [14-18] but none of them are perfect.

On the other hand, the very nature of EEG, which includes a reference signal in the recordings,
may also affect the FC estimators if the reference is active; this is a problem that has been well-
documented in coherency studies [19, 20]. Current source density estimators may alleviate but
not completely cure this flaw [21, 22]. Thus, in the case of EEG, interpretation of the results
from FC analysis should be done very carefully and one should talk about a pattern of FC with
a given reference and connectivity measure, rather than directly extrapolating the results to
the existence of synchronization between the areas immediately below the electrodes. Such FC
patterns are often further analysed by using the matrix of interdependence indices ξij (where
i, j = 1,..., n, are the number of recorded signals) as the adjacency matrix of a complex brain
network, which can be characterized in terms of its different topological properties, which are
known to be altered in different pathologies (see [13, 23] for recent reviews). Therefore, FC is
still a useful tool for analysing EEG records, which provides insight into EEG changes
associated with different pathologies such as ADHD.

3. Functional Connectivity in ADHD: A view from fMRI

FC between different brain regions can be studied with good spatial resolution using image
analysis techniques such as positron emission tomography (PET), positron emission tomog‐

ADHD - New Directions in Diagnosis and Treatment36

raphy simple (PETS) and functional magnetic resonance imaging (fMRI). Although this
chapter covers EEG FC, for the sake of completeness, we will show some results of FC in ADHD
obtained with analyses performed using fMRI, which has been the most widely used technique
to study FC in different pathologies

This image technique provides excellent spatial resolution, as it perfectly identifies (up to 1-3
mm resolution) the most active brain areas, depending on oxygen levels in the blood. However,
since some time is required to obtain the images (about 5-8 seconds), the activation sequence
of cortical areas involved in the task can only be displayed at a low sampling rate. Therefore,
fMRI provides a low temporal resolution for dynamic analysis of brain activity.

FC analysis of fMRI data assesses the existence of statistical dependence between voxel time
series. fMRI studies on ADHD have been addressed using two different paradigms: resting
state and task-based studies. In resting-state studies, the correlation of the activity of different
brain regions is assessed at rest with the subjects having their eyes either open or (most often)
closed. In the second case, researchers investigate the correlation of the activity of the brain
regions that supposedly co-activate during the performance of a given task. In both cases, the
fMRI is generally carried out by comparing an ADHD group with a healthy control group.

One difficulty when establishing a profile of FC of ADHD in fMRI studies arises from the
different methodology used for analysing the correlation of activity among brain regions; this
has led to heterogeneous results in terms of the networks that are altered in ADHD. The
primary brain areas that have been reported to exhibit altered FC in ADHD are the dorsal
anterior cingulate cortex (dACC) [24-26], the frontostriatal circuit [27, 28], the default mode
network (DMN) [25, 29-32] and the reward circuit [30, 33]. The increasing connectivity between
the dACC and the thalamus, cerebellum, insula and pons bilateral in ADHD has been
associated with abnormal autonomic activity [26], whereas reduced connectivity between the
dACC and posterior components of the DMN is associated with symptoms of inattention and
poor performance of working memory in ADHD [25]. This heterogeneity in results is due to
methodological differences between studies and appears to be task-dependent, because when
comparing resting-state with task-based fRMI studies, the dACC connectivity is enhanced in
the first condition and reduced in the second [24]. Regarding the frontostriatal network, ADHD
subjects presented reduced connectivity compared to controls, which has been linked to
deficits in cognitive functions characteristic of this disorder, primarily the inhibitory control
deficit [27, 28]. In the case of the DMN, the ADHD presented lower connectivity, which has
been ascribed to the deficits in executive functions that are frequently observed in these
subjects [25, 29, 30, 32, 34]. Finally, concerning the reward network, some studies [30, 33]
suggest that it is highly connected in the case of ADHD, which is related to the symptoms of
impulsivity and delay reward difficulty.

The results in this section demonstrate the existence of distinctive traits in the FC fMRI patterns
of ADHD. Although these results cannot be directly extrapolated to EEG, which directly
measures neural activity with high temporal but poor spatial resolution, it is clear that
comparing brain activity in ADHD with that of healthy controls in terms of changes in FC and
beyond the simple activation of individual areas/channels provides useful information about
the neural correlates of this pathology.
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4. Measures of interdependence between EEG signals for estimating
functional connectivity in ADHD

4.1. Linear measures

The magnitude squared coherence is a measure of the linear correlation, both in amplitude
and phase, between two signals at a given frequency. It is obtained from the (complex)
coherency function between two signals x and y as follows:

( )
( )

( ) ( )
xy

xy
xx yy

S f
C f

S f S f
= (1)

where Sxy(f) is the cross-spectrum between these signals, Sxx(f) and Syy(f) are the respective auto-
spectra and f is the discrete frequency.

The coherence is simply the squared modulus of Cxy(f). For each f, coherence values range
between 0 (no correlation) and 1 (full linear correlation). The mean value of the coherence for
all the frequencies included in that band is normally taken for the coherence in a certain
frequency band.

The argument of coherency provides an estimate of the phase delay between the signals:
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where Im() and Re() are the imaginary and the real part of Cxy(f). Note that the imaginary part
of coherency has been suggested as a robust index of interdependence between EEG data that
is insensitive to volume conduction [14]; to the best of our knowledge, this idea has not yet
been applied to ADHD research.

4.2. Non-linear measures

4.2.1. The concept of generalized synchronization

The first nonlinear indices of FC applied to EEG data were based on the concept of mutual or
conditioned neighbours in the state spaces of two time series, which is a practical consequence
of the existence of generalized synchronization (GS) between two dynamic systems [35].
Briefly, given a reference state space vectorxn in system X, their k mutual neighbours are those
vectors in X that share the time indices of the nearest neighbours of yn in system Y. Since GS
manifests itself as the existence of a functional relationship between the state variables of X
and Y, vectors close in X tend to also be close in Y. Thus, mutual neighbours are more similar
to the reference vector than randomly selected vectors, which can be numerically quantified
in a number of ways [36-38].
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To date, two of these indices have been mainly applied to the EEG analysis of ADHD [4, 6].
The first [6] is a modified fuzzy version of the well-known synchronization likelihood (SL)
method developed by [38]. The second [4] uses an advanced estimation of distances in the
reconstructed state spaces, which is based on rank rather than on true Euclidean distance, as
described in [37]. We will briefly describe each of these indices below, after describing how to
reconstruct the state spaces from time series.

4.2.2. Reconstructing the state space from data

The first step needed to estimate FC from GS-based methods entails the reconstruction of the
state spaces of the systems from the signals that they generate (in this case, the EEGs). Such a
reconstruction is based on Takens’ theorem [39], which ensures that under general conditions
(see also [40]), the delayed vectors defined as:

( ) ( ) ( ) ( )( )( ) x i , x i- , x i-2 ,..., x i- m-1iX = t t t (3)

are equivalent to the original state vectors. In (3), m is the embedding dimension, which should
be at least equal to the dimension of the system, and τ is the delay time, which has to ensure
that two consecutive components of the vector are (almost) independent. Normally, m is
obtained using a heuristic approach called “false nearest neighbours”, whereas τ is estimated
using the autocorrelation or the auto mutual information function of the data (see [41] for a
review of practical considerations of state space reconstructions).

4.2.3. Fuzzy synchronization likelihood

Many of the originally derived indices of GS in the state spaces are asymmetric [42] and thus
potentially able to provide information on the directionality of the interaction (i.e., which
system acts as driver). However, the initial enthusiasm about the abilities of these indices
cooled after some studies [43, 44] showed that differences in their values in X and Y may be
simply due to differences in the complexity of the individual systems. In light of these results,
[38] defined the synchronization likelihood (SL) index as a measure of GS in the reconstructed
state spaces, which sacrifices the (possibly misleading) information about directionality in the
interaction in return for obtaining an unbiased, symmetric quantitative estimation of the
interdependence between two signals. Although intrinsically multivariate in nature (it
measures the degree of similitude among M>2 signals), SL is almost invariably used to estimate
the FC between two time series and is arguably one of the most widely used indices of FC in
EEG studies (see [10, 38, 45] for technical details on the estimation of SL in both broad and
narrow band signals, respectively).

In the framework of EEG studies of ADHD, [6, 46, 47] have proposed a modified version of
the SL algorithm, termed fuzzy synchronization likelihood (FSL). Briefly, given a reconstructed
reference vector in signal xk such as (3), a window Ww2

w1(k , i) around this vector contains all the
2(w2- w1) state vectorsXi,m whose indices satisfy the condition w1 < |i−m| < w2, where w1 is the
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Theiler correction [48] and w2 determines the temporal resolution of the window. The fuzzy in
the FSL comes from the fact that, in this window, a Gaussian membership (a Gaussian kernel)
with a centre at Xk,i and a standard deviation of εk,i is used [6]:

( ) ( )( )k,i , , , k,iµ  exp 2 /k m k m k iX X X e= - - (4)

where µk,i(Xk.m) is the membership of Xk.m in the window and |Xk.m −Xk,n| is the Euclidean
distance. Then, the probability that Xk,m is closer to Xk,i than εk,i is computed:
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Finally, the FSL between XA and XB for time index i is computed as follows:
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where Pref <<1 is a reference probability. Sliding the window along the time series, the FSL is
computed in each shifted window and is finally averaged for all shifted windows, which leads
to the FSL between XA and XB.

4.2.4. FC estimation based on rank of distances

In the above section, we described a modified version of the SL index, the FSL, which in the
same way as the original SL, sacrifices directional information in return for being unbiased.
Instead of SL or FSL, it is possible to compute a robust estimator of directionality based on the
GS concept using rank distances [37], the so-called L index. In order to compute L(XA| XB),
delayed state vectors XA,i and XB,i are reconstructed from XA and XB as in (3). Then, let ai,j

(respectively, bi,j) be the time indices of the k nearest neighbours of XA,i (resp. XB,i); for each XA,i,

let gi,j be the rank that the distance between XA,i and XA,j takes in the sorted ascending list of
distances of each vector to XA,i; the XB,,i -conditioned mean rank is then
Gi

k (XA | XB) = 1
k ∑ j=1

k gi ,bi , j
 and the measurement L is defined as:

1
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Dummy Text where N = n − (m − 1) τ, Gi(XA) = N
2  and Gi

k (XA) = k + 1
2 . L (XB | XA)  can be

calculated analogously. Finally, the index L of interdependence between the two signals is
obtained by averaging both estimations. L ranges between 0 (independence) and 1 (identical
signals interdependence).
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5. Estimating the reliability of the interdependence measures

As mentioned above, estimating FC from extracranial EEG data is a complicated issue, due to,
e.g., volume conduction and reference effects. There is, however, another more general
problem associated with the estimation of interdependence measures from finite, noisy
experimental data. Due to these two features (shortage and noise), any interdependence index
(whether coherence, FSL, L or any other one) may be greater than 0 even for two completely
independent signals. In order to tackle this issue, it is possible to use the bivariate surrogate
data test [12, 49, 50]. This method tests the reliability of an interdependence measure (IM)
between two EEGs XA and XB, by repeating the calculation of IM after replacing one of the
signals (e.g., XA) with s modified (surrogate) versions of it (X sA), which share most of its features
(amplitude distribution, spectrum and even its nonlinear properties, if any) with XA but are
independent from XB by construction (see [49] for details on how to construct different types
of surrogate data). The IM (e.g., the L index) from the original signals is then compared with
the distribution of surrogate L indices obtained from the s surrogates, which can be done either
parametrically or non-parametrically. Parametrically, the following Z-score index (σ) is
calculated:

| orig surr

surr

IM IM

SD
s

-
= (8)

where IMorig is the value of IM for the original data and IMsurr and SDsurr are the mean and the
standard deviation of the distribution of the values for the s surrogates, respectively. If this
distribution is Gaussian, σ follows a student’s t-test distribution with p degrees of freedom.
We need s =(1/α)-1 surrogate data for a statistical level of significance of 100*(1-α)% and it is
sufficient to take s=19 for testing the difference at the 95% level of statistical significance
(p<0.05). We must have σ> 2.1 to reject the null hypothesis of independence in the original EEG
signals for this statistical level. Lack of significance (σ ≤ 2.1) is taken into account by setting
the corresponding index to zero. If, however, the distribution is non-Gaussian, then the p-value
for the rejection of the null hypothesis of independence is estimated as the ratio

1
1

Nsp
s

+
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+
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where Ns is the number of surrogate data for which the value of the IM is greater than that of
the original data, IMorig. Note that, in either case (parametric or nonparametric method), we are
only testing the hypothesis that the original data present some type of interdependence, yet
the effect of both volume conduction and the active reference cannot be examined with this
approach.
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6. Results

The results of the main works in the literature of EEG connectivity as applied to ADHD
research are summarized in Table 1 below.

First Auth. Subjects Method Conditions Main results and trends

Montague
(1975)

10 Hyperkinetic
10 CONT

Coherence profile Resting Interhemispheric Coh ↓ ↓  .
Intrahemispheric Coh ↑ ↑  .

Chabot (1996 a,
b)

407 ADHD
310 CONT

Coherence in δ, θ, α and β
bands

Resting EC Coh in ADHD ↑ ↑  or ↓ ↓  depend
on brain regions paired.

Lubar (1999) 23 ADHD Coherence in δ, θ, α and β
bands.

Resting EO MPH ↓ ↓  Coh alterations.

Barry (2002) 40 ADHDcom
40 ADHDinat
40 CONT

Coherences in δ, θ, α and β
bands.

Resting EC Coh in ADHD ↑ ↑  or ↓ ↓  depend
on inter-channels distances.

Barry (2005) 40 ADHDcom
40 ADHDinat
40 CONT

Coherences in δ, θ, α and β
bands.

Resting EC ADHD boys display coherence
anomalies age-dependent &
differing between subtypes.

Clarke (2005) 20 ADHDcom
20 CONT

Coherences in δ, θ, α and β
bands.

Resting EC MPH does not affect Coh.

Barry (2006) 40 ADHDcom
40 ADHDin
40 CONT

Coherences in δ, θ, α and β
bands.

Resting EC ADHD Coh is age and gender-
dependent. ADHD girls no
differences between subtypes.

Barry (2007) 40 ADHD+ODD
40 ADHD-ODD
40 CONT

Coherences in δ, θ, α and β
bands.

Resting EC Coh intrahemisph in ADHD +
ODD ↓ ↓  versus ADHD-ODD

Clarke (2007) 30 ADHD
30 ADHD + ↑ ↑ β

Coherences in δ, θ, α and β
bands.

Resting EC There are differences between
ADHD and ADHD + ↑ ↑ β.

Murias (2007) 42 ADHD
21 CONT

Coherence in frequencies of
2-12 Hz.

ERP word
processing task

Deficient connectivity in ADHD
and a stimulus-induced state
frontal overconnectivity.

Dupuy (2008) 20 ADHD
20 CONT

Coherences in δ, θ, α and β
bands.

Resting EC Medication ↑ ↑  Coh.

Barry (2009) 20 ADHD+RD
20 ADHD-RD
20 CONT

Coherences in δ, θ, α and β
bands.

Resting EC ADHD+RD ↓ ↓ Coh δ and α.

Dupuy (2010) 18 ADHDg
17 ADHDp

Coherences in δ, θ, α and β
bands.

Resting EC ADHDg ↑ ↑ Coh β.
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First Auth. Subjects Method Conditions Main results and trends

18 CONT

Ahmadlou
(2010)

47 ADHD
7 CONT

SL
Radial Basis Function (RBF)

Resting EC ADHD ↓ ↓  SL.

Ahmadlou
(2011)

12 ADHD
12 CONT

FSL
Graph Theory

Resting EC Deficient connection of posterior
and anterior areas in ADHD.

Ahmadlou
(2011b)

47 ADHD
7 CONT

FSL and conventional SL in
δ, θ, gamma, α and β bands.

Resting EC ADHD had anomalies in δ and θ
SLs. FSL better than conventional
SL.

Barry (2011) 40 ADHD
40 CONT

Coherences in δ, θ, α and β
bands.

Resting EC Coh in ADHD ↑ ↑  or ↓ ↓  depend
on inter-channels distances.

Ahmadlou
(2012a)

15 ADHDg
15 ADHDp

FSL
Graph Theory

Resting EC ADHDg ↓ ↓ FSL in β band after
treatment.

Ahmadlou
(2012b)

12 ADHD
12 CONT

FSL
Small-world network

Resting EC ADHD FSL ↑ ↑  C and ↓ ↓ L in δ
band.

González (2013) 22 ADHD
21 CONT

Coherence
Index L

Resting EC and
EO

ADHD ↑ ↑  Coh and index L in
certain brain regions.

Liu (2014) 13 ADHD
13 CONT

SL in δ, θ, α and β bands Resting ADHD ↑ ↑ SL in α and β bands

Vertical arrows ↑ ↑  / ↓ ↓  indicate increasing or decreasing trends; Coh for coherence; ODD for comorbid Oppositional
Defiant Disorder, RD for Reading Disabilities; SL for synchronization likelihood; FSL for fuzzy synchronization
likelihood; EC closed eyes, EO open eyes; index L for the nonlinear index of GS; Greek letters δ, θ, α and β for EEG delta,
theta, alpha and beta frequency bands, respectively. ERP – event related potential.

Table 1. Review of the literature on EEG functional connectivity in ADHD.

6.1. Results from coherence

The first study where the profile of EEG coherence is analysed in the context of ADHD was
conducted 40 years ago [51]. By using a group of behavioural and physiological measures, the
author found that EEG coherence was the measure that best differentiated between a group
of hyperkinetic children and a control group. Specifically, he reported that the hyperkinetic
group had greater intrahemispheric coherence than controls in the low frequency band (up to
8 Hz). Later, [1, 52] analysed patients already diagnosed with ADHD and reported altered
values of coherence in almost every frequency band (delta, theta, alpha and beta) in subjects
with ADHD compared to subjects with normal development. Coherence in ADHD can be
enhanced or reduced depending on the brain regions that are paired for calculating this index.

Over the past 15 years, the study of EEG FC in ADHD using coherence has been carried out
primarily by researchers of the Brain & Behaviour Research Institute and Department of
Psychology at the University of Wollongong in Australia, who have studied coherence, both
intra- and interhemispheric, by planned contrast and by considering short, medium and long
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distances between electrodes. They have reported that ADHD subjects, compared to healthy
controls, present higher intrahemispheric coherences in short/medium distances in delta, theta
and beta frequency bands [7-9, 53-55], reduced laterality in the theta band [8, 53, 55, 56] and
increased frontal interhemispheric values in the delta and theta bands [8, 9, 53-55]. Coherence
results found from our group [4] indicate, in agreement with previous results, that for certain
pairs of channels at short (e.g., C3-C4, O1-O2) and medium (e.g., C3-T4, T3-C4, O1-C4)
interhemispheric distances, FC was clearly greater for the ADHD group than for controls,
whereas for large interhemispheric distances (e.g., Fp1-O2), the reverse was true during both
EC and EO.

When the focus was not on pairwise FC but on seed-based connectivity (that of one channel
with a certain set of channels or cortical areas (intra or inter-hemispheric)) the results differed,
because of the inherent averaging involved. Thus, for example, the intrahemispheric FC of the
C3 channel was estimated by averaging coherence from the electrode pairs C3-T3, C3-F3 and
C3-P3; interhemispheric coherence of C3, in turn, required averaging the values of C3-C4, C3-
F4 and C3-P4. Figure 1 (A) and (B) show the seed-based interhemispheric coherence for the
C4 electrode (average of C4-C3, C4-T3, C4-Fp1 and C4-O1) for the delta, theta, alpha and beta
bands during EC and EO, respectively, for the same groups of subjects analysed in our former
study [4]. This interhemispheric coherence for ADHD was greater than the control during EC
in the higher frequency bands; this was also true for the low frequency bands during EO.
Therefore, an increase in interhemispheric EEG coherence for ADHD subjects – in this example
for the C4 electrode – is associated with higher frequency bands, regardless of the resting
condition (EC, EO) and with low frequency bands only for the EO condition. Figure 2 shows
a topographic map of the seed-based interhemispheric connectivity of each channel or cortical
area for a standard configuration of 16 EEG channels. Once more, the connectivity of ADHD
were greater than for controls for certain areas, resting conditions and connectivity indices.
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Figure 1. (A) Seed-based interhemispheric coherence (C4 area) during EC estimated by averaging the coherence be‐
tween channel pairs C4-Fp1, C4-C3, C4-T3 and C4-O1. (B) The same results as in (A) but during EO. Results are for
coherence in DELTA, THETA, ALPHA and BETA frequency bands. Asterisks indicate the statistical significance of a
paired t-test between ADHD and controls (CONT).

ADHD - New Directions in Diagnosis and Treatment44



distances between electrodes. They have reported that ADHD subjects, compared to healthy
controls, present higher intrahemispheric coherences in short/medium distances in delta, theta
and beta frequency bands [7-9, 53-55], reduced laterality in the theta band [8, 53, 55, 56] and
increased frontal interhemispheric values in the delta and theta bands [8, 9, 53-55]. Coherence
results found from our group [4] indicate, in agreement with previous results, that for certain
pairs of channels at short (e.g., C3-C4, O1-O2) and medium (e.g., C3-T4, T3-C4, O1-C4)
interhemispheric distances, FC was clearly greater for the ADHD group than for controls,
whereas for large interhemispheric distances (e.g., Fp1-O2), the reverse was true during both
EC and EO.

When the focus was not on pairwise FC but on seed-based connectivity (that of one channel
with a certain set of channels or cortical areas (intra or inter-hemispheric)) the results differed,
because of the inherent averaging involved. Thus, for example, the intrahemispheric FC of the
C3 channel was estimated by averaging coherence from the electrode pairs C3-T3, C3-F3 and
C3-P3; interhemispheric coherence of C3, in turn, required averaging the values of C3-C4, C3-
F4 and C3-P4. Figure 1 (A) and (B) show the seed-based interhemispheric coherence for the
C4 electrode (average of C4-C3, C4-T3, C4-Fp1 and C4-O1) for the delta, theta, alpha and beta
bands during EC and EO, respectively, for the same groups of subjects analysed in our former
study [4]. This interhemispheric coherence for ADHD was greater than the control during EC
in the higher frequency bands; this was also true for the low frequency bands during EO.
Therefore, an increase in interhemispheric EEG coherence for ADHD subjects – in this example
for the C4 electrode – is associated with higher frequency bands, regardless of the resting
condition (EC, EO) and with low frequency bands only for the EO condition. Figure 2 shows
a topographic map of the seed-based interhemispheric connectivity of each channel or cortical
area for a standard configuration of 16 EEG channels. Once more, the connectivity of ADHD
were greater than for controls for certain areas, resting conditions and connectivity indices.
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Figure 1. (A) Seed-based interhemispheric coherence (C4 area) during EC estimated by averaging the coherence be‐
tween channel pairs C4-Fp1, C4-C3, C4-T3 and C4-O1. (B) The same results as in (A) but during EO. Results are for
coherence in DELTA, THETA, ALPHA and BETA frequency bands. Asterisks indicate the statistical significance of a
paired t-test between ADHD and controls (CONT).
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Figure 2. Topographic maps of the seed-based interhemispheric coherence of each cortical area (16 EEG channel 
configuration) in the DELTA, THETA, ALPHA and BETA EEG frequency bands during EC and EO. Color bar indicates p values 
obtained by comparing ADHD and CONT using a t-test, applied to each cortical area separately, and corrected for multiple 
comparisons.  Blue color indicates areas where connectivity of ADHD was greater than CONT. 

The analysis of EEG coherence in subjects with ADHD has also been used to study the effects on the cortical connectivity of 
factors such as gender, age and comorbid disorders, as well as to understand the influence of certain pharmacological treatments
used in ADHD therapy. Thus, a study on the effect of age on EEG coherence [57] analysed three groups of boys, one with ADHD 
of a combined type, another with ADHD of an inattentive type and a third consisting of control subjects; within each group, the
authors studied four subgroups by age (range 8-12 years). They found that there were age-dependent differences in EEG 
coherence among the three groups. The same authors carried out a similar study involving girls to analyse gender differences [58] 
and found differences in EEG coherence between ADHD groups and the control group, but not between the ADHD subtypes. 
Furthermore, this study revealed that such differences were also age-dependent in girls, but not in the same way as they were in
boys, in both healthy and ADHD children. The authors concluded from these results that changes in EEG coherence associated 
with ADHD are different for both genders.  

Regarding comorbid disorders, boys with ADHD and oppositional defiant disorder (ODD) presented lower 
intrahemispheric coherences in shorter distances than ADHD without ODD in delta, theta and beta bands [9]. Furthermore, 
children with ADHD and reading disabilities had lower intrahemispheric coherences in shorter distances than ADHD without 
ODD in delta bands [7]. 
 Regarding pharmacological treatments of ADHD, the most commonly used drug to treat the disorder is 
methylphenidate (MPH), a CNS stimulant that reduces ADHD symptoms. Although its action mechanism is not entirely clear, 
MPH is known to increase the levels of norepinephrine and dopamine in the frontal cortex and subcortical regions associated 
with motivation and reward [59]. The results of the effect of MPH on the profile of coherence in ADHD are contradictory. In fact, 
[60] have found that it reduces the alterations found in EEG coherence profiles in children with ADHD; in contrast, other authors 
have found neither that MPH ingestion produces changes in the EEG coherence of ADHD, nor that the coherence profile comes 
closer to that of the controls after treatment [53]. In another study, [56] reported a change in the profile of EEG coherence after 
MPH ingestion in girls with ADHD and specifically an increase in the delta band between intrahemispheric cortical areas at short
distances, resulting in a reduction of the differences between the ADHD and control groups. In [55], the authors reported that 
ADHD boys showing good response to MPH differed from those unresponsive to the drug, in that MPH produced little effect on 
their EEG coherence profile, whereas in the former group, it produced greater intrahemispheric coherence (shorter, medium and 
larger distances) in the beta band.  

 Finally, research on EEG evoked related potentials (ERP) studied the differences in the coherence between ADHD 
subjects and healthy controls (coherence between different cortical areas for certain frequency bands) during a word-processing
task [61]. The ADHD group presented greater differences during the stimulus interval, a deficient connectivity during both 
intervals and an increase in frontal connectivity within and between hemispheres during a stimulus interval. The intake of 
medication in this study improved the connectivity pattern of the ADHD group.
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Figure 2. Topographic maps of the seed-based interhemispheric coherence of each cortical area (16 EEG channel con‐
figuration) in the DELTA, THETA, ALPHA and BETA EEG frequency bands during EC and EO. Color bar indicates p
values obtained by comparing ADHD and CONT using a t-test, applied to each cortical area separately, and corrected
for multiple comparisons. Blue color indicates areas where connectivity of ADHD was greater than CONT.

The analysis of EEG coherence in subjects with ADHD has also been used to study the effects
on the cortical connectivity of factors such as gender, age and comorbid disorders, as well as
to understand the influence of certain pharmacological treatments used in ADHD therapy.
Thus, a study on the effect of age on EEG coherence [57] analysed three groups of boys, one
with ADHD of a combined type, another with ADHD of an inattentive type and a third
consisting of control subjects; within each group, the authors studied four subgroups by age
(range 8-12 years). They found that there were age-dependent differences in EEG coherence
among the three groups. The same authors carried out a similar study involving girls to analyse
gender differences [58] and found differences in EEG coherence between ADHD groups and
the control group, but not between the ADHD subtypes. Furthermore, this study revealed that
such differences were also age-dependent in girls, but not in the same way as they were in
boys, in both healthy and ADHD children. The authors concluded from these results that
changes in EEG coherence associated with ADHD are different for both genders.

Regarding comorbid disorders, boys with ADHD and oppositional defiant disorder (ODD)
presented lower intrahemispheric coherences in shorter distances than ADHD without
reading disabilities in delta, theta and beta bands [9]. Furthermore, children with ADHD and
reading disabilities had lower intrahemispheric coherences in shorter distances than ADHD
without ODD in delta bands [7].

Regarding pharmacological treatments of ADHD, the most commonly used drug to treat the
disorder is methylphenidate (MPH), a CNS stimulant that reduces ADHD symptoms.
Although its action mechanism is not entirely clear, MPH is known to increase the levels of
norepinephrine and dopamine in the frontal cortex and subcortical regions associated with
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motivation and reward [59]. The results of the effect of MPH on the profile of coherence in
ADHD are contradictory. In fact, [60] have found that it reduces the alterations found in EEG
coherence profiles in children with ADHD; in contrast, other authors have found neither that
MPH ingestion produces changes in the EEG coherence of ADHD, nor that the coherence
profile comes closer to that of the controls after treatment [53]. In another study, [56] reported
a change in the profile of EEG coherence after MPH ingestion in girls with ADHD and
specifically an increase in the delta band between intrahemispheric cortical areas at short
distances, resulting in a reduction of the differences between the ADHD and control groups.
In [55], the authors reported that ADHD boys showing good response to MPH differed from
those unresponsive to the drug, in that MPH produced greater intrahemispheric coherence
(shorter and medium distances) in the delta band of the ADHD good response group.

Finally, research on EEG evoked related potentials (ERP) studied the differences in the
coherence between ADHD subjects and healthy controls (coherence between different cortical
areas for certain frequency bands) during a word-processing task [60]. The ADHD group
presented greater differences during the stimulus interval, a deficient connectivity during both
intervals and an increase in frontal connectivity within and between hemispheres during a
stimulus interval. The intake of medication in this study improved the connectivity pattern of
the ADHD group.

6.2. Results from the nonlinear analysis and complex network methods

With regard to the nonlinear indices of FC, these are being increasingly used in the study of
EEG of subjects with ADHD. Thus, SL was the first nonlinear index used to study the EEG
connectivity of ADHD patients [10]. These authors found that, by using filtered EEG (by
wavelet decomposition techniques), the SL of the ADHD group was lower than that of the
control group for posterior cortical areas at certain EEG bands. In another work by the same
authors [6], they applied the FSL index described above and found that ADHD subjects had a
lower FC than controls on the centreline of the brain, which could affect the communication
between anterior and posterior lobes. In a parallel study [46], these authors compared the SL
with the FSL and found that FSL discriminated ADHD from controls better than the non-fuzzy
version. Later, the same research group [47, 62] conducted two further studies; in the first [47],
they calculated the matrix of FSL values for all possible pairs of channels and then used it to
estimate the characteristics of the FC network using graph theoretic-measures. They found
that network segregation, as assessed by the clustering index C, was higher in ADHD in the
delta band, while network integration, as assessed by the average shortest path length (L) was
lower in the same band, thereby suggesting that the small-world character [63] of the FC brain
network of ADHD subjects is enhanced in this band, compared to control subjects. Interest‐
ingly, increased small-worldness in low frequency bands is a trademark of different neuro‐
logical pathologies [23]. In the second work [62], the researchers assessed the differences in
FSL before and after neurofeedback treatment in a group of ADHD subjects with positive
response to treatment and in another group of subjects without response; they found that the
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MPH ingestion produces changes in the EEG coherence of ADHD, nor that the coherence
profile comes closer to that of the controls after treatment [53]. In another study, [56] reported
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distances, resulting in a reduction of the differences between the ADHD and control groups.
In [55], the authors reported that ADHD boys showing good response to MPH differed from
those unresponsive to the drug, in that MPH produced greater intrahemispheric coherence
(shorter and medium distances) in the delta band of the ADHD good response group.

Finally, research on EEG evoked related potentials (ERP) studied the differences in the
coherence between ADHD subjects and healthy controls (coherence between different cortical
areas for certain frequency bands) during a word-processing task [60]. The ADHD group
presented greater differences during the stimulus interval, a deficient connectivity during both
intervals and an increase in frontal connectivity within and between hemispheres during a
stimulus interval. The intake of medication in this study improved the connectivity pattern of
the ADHD group.

6.2. Results from the nonlinear analysis and complex network methods

With regard to the nonlinear indices of FC, these are being increasingly used in the study of
EEG of subjects with ADHD. Thus, SL was the first nonlinear index used to study the EEG
connectivity of ADHD patients [10]. These authors found that, by using filtered EEG (by
wavelet decomposition techniques), the SL of the ADHD group was lower than that of the
control group for posterior cortical areas at certain EEG bands. In another work by the same
authors [6], they applied the FSL index described above and found that ADHD subjects had a
lower FC than controls on the centreline of the brain, which could affect the communication
between anterior and posterior lobes. In a parallel study [46], these authors compared the SL
with the FSL and found that FSL discriminated ADHD from controls better than the non-fuzzy
version. Later, the same research group [47, 62] conducted two further studies; in the first [47],
they calculated the matrix of FSL values for all possible pairs of channels and then used it to
estimate the characteristics of the FC network using graph theoretic-measures. They found
that network segregation, as assessed by the clustering index C, was higher in ADHD in the
delta band, while network integration, as assessed by the average shortest path length (L) was
lower in the same band, thereby suggesting that the small-world character [63] of the FC brain
network of ADHD subjects is enhanced in this band, compared to control subjects. Interest‐
ingly, increased small-worldness in low frequency bands is a trademark of different neuro‐
logical pathologies [23]. In the second work [62], the researchers assessed the differences in
FSL before and after neurofeedback treatment in a group of ADHD subjects with positive
response to treatment and in another group of subjects without response; they found that the

ADHD - New Directions in Diagnosis and Treatment46

former group presented a greater reduction in beta band synchronization compared to that of
the group without changes.

Results from our group [4] using the L index described in section 4.2.3 indicated that, as already
indicated by coherence, the nonlinear FC of the ADHD subjects was greater than that of
controls for short (C3-C4, O1-O2) and medium range (C3-T4, T3-C4, O1-C4) connections
during EC. When considering intra- or interhemispheric seed-based FC between one channel
and the remaining ones of the same or opposite hemisphere, respectively, we found in the 8
EEG channels configuration that the interhemispheric FC of C3, C4 and O1 was greater in
ADHD than in control subjects during EC (see Figure 3 for C4). Figure 4 shows a topographic
map of the interhemispheric FC of each channel or cortical area for a standard configuration
of 16 EEG channels. As for the corresponding coherence figure (Figure 2), values were obtained
by averaging the L indices of the eight pairs that each channel has with the eight channels of
the opposite hemisphere. Once more, connectivity in ADHD was only greater than controls
for certain areas and resting conditions (EC, EO).
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Results from our group [4] using the L index described in section 4.2.3 indicated that, as already indicated by coherence, the 
nonlinear FC of the ADHD subjects was greater than that of controls for short (C3-C4, O1-O2) and medium range (C3-T4, T3-
C4, O1-C4) connections during EC. When considering intra- or interhemispheric seed-based FC between one channel and the 
remaining ones of the same or opposite hemisphere, respectively, we found in the 8 EEG channels configuration that the 
interhemispheric FC of C3, C4 and O1 was greater in ADHD than in control subjects during EC (see Figure 3 for C4). Figure 4 
shows a topographic map of the interhemispheric FC of each channel or cortical area for a standard configuration of 16 EEG 

channels. As for the corresponding coherence figure (Figure 2), values were obtained by averaging the L indices of the eight pairs 
that each channel has with the eight channels of the opposite hemisphere. Once more, connectivity in ADHD was only greater 
than controls for certain areas and resting conditions (EC, EO). 

Figure 3.   Interhemispheric connectivity of C4 area during EC and EO estimated by averaging the nonlinear synchronization 
index L between the channel pairs C4-Fp1, C4-C3, C4-T3, C4-O1. Asterisks are for the statistical significance from t-test 
between ADHD and control (CONT) groups (*** p<0.001). 

Figure 4. Topographic maps of the interhemispheric connectivity of each cortical area (16 EEG channels configuration).  
Here connectivities were estimated from the nonlinear synchronization index L. Color bar indicates p values obtained by 
comparing ADHD and CONT through a t-test applied to each cortical area separately.  Blues colors indicate cortical areas where 
connectivity of ADHD was greater than CONT. 

A recent work [64] studied the strength of the connections and the variability of SL, as well as the organization of functional
brain networks as described by this index. The researchers found that the strength of connections was greater in the ADHD group
in the fronto-occipital networks and that this group also presented a higher SL variability. Other research [65] studied SL in delta, 
theta, alpha and beta bands and found that this index was greater in the ADHD group for alpha and beta bands. 

The results of cortical FC estimated from different nonlinear indices are dependent on the index considered to estimate 
connectivity and the method used to compute the connectivity of each cortical area with other zones, i.e., whether individual 
channel pairs or averaging intra- and/or interhemispheric channels pairs are considered. Although the results initially appeared to 
be heterogeneous, they show some consensus in indicating that the EEG of ADHD subjects are hypersynchronized when 
compared to that of healthy controls. This is also confirmed by applying graph theory methods to the connectivity matrix of FC 
patterns. 

6.3. Results from diagnostic procedures based on connectivity measures 

The section above reviewed the current state of the literature on nonlinear FC indices as applied to the EEG of ADHD 
subjects. In all cases, the analysis strategy was similar: a set of statistical comparisons was used to study the existence of 
differences between one (or more) group of ADHD subjects and age- or gender-matched healthy controls. An alternative 
approach, which has become very popular in recent years, consists of regarding the matrices of FC indices as connectivity 
patterns that can be used as training vectors for a machine learning classification algorithm [4, 10, 46]. This approach not only 
allows for determination, of which FC features are the most discriminative for deciding whether a subject’s EEG presents any 
ADHD traits, but also renders unnecessary any discussion on the true relationship between FC of two EEG channels and the 
existence of synchronization between the underlying cortical networks. 
         In this framework, the studies cited above [4, 10, 46] have shown that the nonlinear measures of EEG FC present a high
degree of accuracy and sensitivity. Thus, [10, 46] combined the radial basis function neural network as classification algorithm
and the leave one out cross validation method (see, e.g., [66] for details on the methodologies) to learn from SL and FSL patterns 
of EEG FC. The researchers found that SL reached an accuracy of 95.6% for diagnosis of ADHD with a variance of 0.7%, 
whereas the FSL index reached an accuracy of 87.50%. 
         As for the diagnostic usefulness of the L index, in a recent work, [4] combined the well-known receiver operating 

Figure 3. Interhemispheric connectivity of C4 area during EC and EO estimated by averaging the nonlinear synchroni‐
zation index L between the channel pairs C4-Fp1, C4-C3, C4-T3, C4-O1. Asterisks are for the statistical significance
from t-test between ADHD and control (CONT) groups (*** p<0.001).
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Results from our group [4] using the L index described in section 4.2.3 indicated that, as already indicated by coherence, the 
nonlinear FC of the ADHD subjects was greater than that of controls for short (C3-C4, O1-O2) and medium range (C3-T4, T3-
C4, O1-C4) connections during EC. When considering intra- or interhemispheric seed-based FC between one channel and the 
remaining ones of the same or opposite hemisphere, respectively, we found in the 8 EEG channels configuration that the 
interhemispheric FC of C3, C4 and O1 was greater in ADHD than in control subjects during EC (see Figure 3 for C4). Figure 4 
shows a topographic map of the interhemispheric FC of each channel or cortical area for a standard configuration of 16 EEG 

channels. As for the corresponding coherence figure (Figure 2), values were obtained by averaging the L indices of the eight pairs 
that each channel has with the eight channels of the opposite hemisphere. Once more, connectivity in ADHD was only greater 
than controls for certain areas and resting conditions (EC, EO). 
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Figure 4. Topographic maps of the interhemispheric connectivity of each cortical area (16 EEG channels configuration).  
Here connectivities were estimated from the nonlinear synchronization index L. Color bar indicates p values obtained by 
comparing ADHD and CONT through a t-test applied to each cortical area separately.  Blues colors indicate cortical areas where 
connectivity of ADHD was greater than CONT. 

A recent work [64] studied the strength of the connections and the variability of SL, as well as the organization of functional
brain networks as described by this index. The researchers found that the strength of connections was greater in the ADHD group
in the fronto-occipital networks and that this group also presented a higher SL variability. Other research [65] studied SL in delta, 
theta, alpha and beta bands and found that this index was greater in the ADHD group for alpha and beta bands. 

The results of cortical FC estimated from different nonlinear indices are dependent on the index considered to estimate 
connectivity and the method used to compute the connectivity of each cortical area with other zones, i.e., whether individual 
channel pairs or averaging intra- and/or interhemispheric channels pairs are considered. Although the results initially appeared to 
be heterogeneous, they show some consensus in indicating that the EEG of ADHD subjects are hypersynchronized when 
compared to that of healthy controls. This is also confirmed by applying graph theory methods to the connectivity matrix of FC 
patterns. 

6.3. Results from diagnostic procedures based on connectivity measures 

The section above reviewed the current state of the literature on nonlinear FC indices as applied to the EEG of ADHD 
subjects. In all cases, the analysis strategy was similar: a set of statistical comparisons was used to study the existence of 
differences between one (or more) group of ADHD subjects and age- or gender-matched healthy controls. An alternative 
approach, which has become very popular in recent years, consists of regarding the matrices of FC indices as connectivity 
patterns that can be used as training vectors for a machine learning classification algorithm [4, 10, 46]. This approach not only 
allows for determination, of which FC features are the most discriminative for deciding whether a subject’s EEG presents any 
ADHD traits, but also renders unnecessary any discussion on the true relationship between FC of two EEG channels and the 
existence of synchronization between the underlying cortical networks. 
         In this framework, the studies cited above [4, 10, 46] have shown that the nonlinear measures of EEG FC present a high
degree of accuracy and sensitivity. Thus, [10, 46] combined the radial basis function neural network as classification algorithm
and the leave one out cross validation method (see, e.g., [66] for details on the methodologies) to learn from SL and FSL patterns 
of EEG FC. The researchers found that SL reached an accuracy of 95.6% for diagnosis of ADHD with a variance of 0.7%, 
whereas the FSL index reached an accuracy of 87.50%. 
         As for the diagnostic usefulness of the L index, in a recent work, [4] combined the well-known receiver operating 

Figure 4. Topographic maps of the interhemispheric connectivity of each cortical area (16 EEG channels configuration).
Here connectivities were estimated from the nonlinear synchronization index L. Color bar indicates p values obtained
by comparing ADHD and CONT through a t-test applied to each cortical area separately. Blues colors indicate cortical
areas where connectivity of ADHD was greater than CONT.
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A recent work [64] studied the strength of the connections and the variability of SL, as well as
the organization of functional brain networks as described by this index. The researchers found
that the strength of connections was greater in the ADHD group in the fronto-occipital
networks and that this group also presented a higher SL variability. Other research [65] studied
SL in delta, theta, alpha and beta bands and found that this index was greater in the ADHD
group for alpha and beta bands.

The results of cortical FC estimated from different nonlinear indices are dependent on the index
considered to estimate connectivity and the method used to compute the connectivity of each
cortical area with other zones, i.e., whether individual channel pairs or averaging intra-
and/or interhemispheric channels pairs are considered. Although the results initially appeared
to be heterogeneous, they show some consensus in indicating that the EEG of ADHD subjects
are hypersynchronized when compared to that of healthy controls. This is also confirmed by
applying graph theory methods to the connectivity matrix of FC patterns.

6.3. Results from diagnostic procedures based on connectivity measures

The section above reviewed the current state of the literature on nonlinear FC indices as applied
to the EEG of ADHD subjects. In all cases, the analysis strategy was similar: a set of statistical
comparisons was used to study the existence of differences between one (or more) group of
ADHD subjects and age- or gender-matched healthy controls. An alternative approach, which
has become very popular in recent years, consists of regarding the matrices of FC indices as
connectivity patterns that can be used as training vectors for a machine learning classification
algorithm [4, 10, 46]. This approach not only allows for determination, of which FC features
are the most discriminative for deciding whether a subject’s EEG presents any ADHD traits,
but also renders unnecessary any discussion on the true relationship between FC of two EEG
channels and the existence of synchronization between the underlying cortical networks.

In this framework, the studies cited above [4, 10, 46] have shown that the nonlinear measures
of EEG FC present a high degree of accuracy and sensitivity. Thus, [10, 46] combined the radial
basis function neural network as classification algorithm and the leave one out cross validation
method (see, e.g., [66] for details on the methodologies) to learn from SL and FSL patterns of
EEG FC. The researchers found that SL reached an accuracy of 95.6% for diagnosis of ADHD
with a variance of 0.7%, whereas the FSL index reached an accuracy of 87.50%.

As for the diagnostic usefulness of the L index, in a recent work, [4] combined the well-known
receiver operating characteristic curves and the binomial logistic regression classification
technique to verify the diagnostic utility of the EEG FC measures. These results showed that
ADHD children are best discriminated from age-matched healthy controls by using inter-
hemispheric interdependence measures computed from a few single EEG channel pairs, rather
than by using the corresponding inter-hemispheric averages. In fact, the coherence in the beta
band between inter-occipital regions and between left/occipital-right/central regions provided
an overall accuracy classification rate of 74.4%, but even greater accuracy (86.7%) was obtained
by using the L index between left/occipital-right/central regions and left/central-right/temporal
regions during resting state with EC.
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A recent work [64] studied the strength of the connections and the variability of SL, as well as
the organization of functional brain networks as described by this index. The researchers found
that the strength of connections was greater in the ADHD group in the fronto-occipital
networks and that this group also presented a higher SL variability. Other research [65] studied
SL in delta, theta, alpha and beta bands and found that this index was greater in the ADHD
group for alpha and beta bands.

The results of cortical FC estimated from different nonlinear indices are dependent on the index
considered to estimate connectivity and the method used to compute the connectivity of each
cortical area with other zones, i.e., whether individual channel pairs or averaging intra-
and/or interhemispheric channels pairs are considered. Although the results initially appeared
to be heterogeneous, they show some consensus in indicating that the EEG of ADHD subjects
are hypersynchronized when compared to that of healthy controls. This is also confirmed by
applying graph theory methods to the connectivity matrix of FC patterns.
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The section above reviewed the current state of the literature on nonlinear FC indices as applied
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comparisons was used to study the existence of differences between one (or more) group of
ADHD subjects and age- or gender-matched healthy controls. An alternative approach, which
has become very popular in recent years, consists of regarding the matrices of FC indices as
connectivity patterns that can be used as training vectors for a machine learning classification
algorithm [4, 10, 46]. This approach not only allows for determination, of which FC features
are the most discriminative for deciding whether a subject’s EEG presents any ADHD traits,
but also renders unnecessary any discussion on the true relationship between FC of two EEG
channels and the existence of synchronization between the underlying cortical networks.

In this framework, the studies cited above [4, 10, 46] have shown that the nonlinear measures
of EEG FC present a high degree of accuracy and sensitivity. Thus, [10, 46] combined the radial
basis function neural network as classification algorithm and the leave one out cross validation
method (see, e.g., [66] for details on the methodologies) to learn from SL and FSL patterns of
EEG FC. The researchers found that SL reached an accuracy of 95.6% for diagnosis of ADHD
with a variance of 0.7%, whereas the FSL index reached an accuracy of 87.50%.

As for the diagnostic usefulness of the L index, in a recent work, [4] combined the well-known
receiver operating characteristic curves and the binomial logistic regression classification
technique to verify the diagnostic utility of the EEG FC measures. These results showed that
ADHD children are best discriminated from age-matched healthy controls by using inter-
hemispheric interdependence measures computed from a few single EEG channel pairs, rather
than by using the corresponding inter-hemispheric averages. In fact, the coherence in the beta
band between inter-occipital regions and between left/occipital-right/central regions provided
an overall accuracy classification rate of 74.4%, but even greater accuracy (86.7%) was obtained
by using the L index between left/occipital-right/central regions and left/central-right/temporal
regions during resting state with EC.
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7. Conclusions and future perspectives

The results presented here clearly suggest that the EEG FC of ADHD subjects presents a
complex pattern of significant alterations when compared to that of healthy controls across
different frequency bands. For instance, depending on the distance between the paired brain
regions, the EEG FC in the ADHD group can be greater or smaller than that of the healthy
control group. Additionally, the coherence in resting state is influenced by/for age, sex,
comorbid disorders and medication. In ERP analysis, the scarcity of results to date indicates
that ADHD differences in coherence are more discriminative in the stimulus interval than in
the alert interval.

As for the nonlinear FC measures, the results are also heterogeneous; however, when the
different nonlinear methodologies are compared, it can be concluded that: the FSL is a better
discriminator than SL and that the use of graph theoretic measures increases the sensibility of
these measures for distinguishing between the EEG of ADHD and that of healthy controls.
Furthermore, the index L seems to present a good perspective that can be applied to distin‐
guishing between ADHD and controls.

Bearing in mind all these results and the usefulness of EEG patterns of FC for classification, it
is somewhat surprising that other popular nonlinear FC methods such as those based on the
concept of phase synchronization [67] have been applied less often in this field. Moreover, new
and improved methods for the study of GS from time series [36, 68], which allow for the
estimation of causal interdependence from multivariate data, has recently been successfully
applied to EEG data [69]. In addition, recent results (e.g., [70]) have demonstrated that FC
indices can be successfully combined with graph theoretic methods and advanced machine
learning algorithms such as support vector machines, which can handle high dimensional
feature vectors, in order to diagnose neurological pathologies using multivariate neurophy‐
siological data. In fact, another interesting (yet relatively unexplored possibility) entails the
combination of data from different modalities such as EEG, MRI and neurophysiological
testing [64] to describe the effects of the pathology on different data. This would be very helpful
both at applied and basic levels. Taken together, all these old and new results pave the way
for further studies regarding the patterns of EEG FC, which can provide further insight into
the EEG correlates of ADHD.
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Abstract

This chapter aims to identify, among the dopaminergic and noradrenergic molecules
strongly associated to aetiopathogenesis of the disorder, potential genetic and bio‐
chemical markers linked to ADHD diagnosis and to assess whether treatments can
change peripheral levels of a biomarker, to be then useful, if tested, as a response pre‐
dictor.

The results, based on literature research, evidenced a role of some molecules such as
SLC6A3, DRD4, MHPG, MAOA, NE, SLC6A2, DBH, COMT that could represent, in
this order, a hypothetical signature of genetic and biochemical markers useful for
ADHD diagnosis. From this hypothetical signature, the NE metabolite MHPG result‐
ed, after a meta-analytic approach, the main molecule whose urinary levels were in‐
fluenced by the d-AMP treatment. Urinary MHPG levels were decreased after
stimulants administration only in the responder patients, indicating that MHPG could
be a useful predictor of the response to these drugs. This, along with the well-report‐
ed correlation between decrease in MHPG and behavioral improvements after d-AMP
treatment, focuses attention on MHPG as a potential mediator of stimulant drug re‐
sponse, in addition to a potential useful biological marker for diagnostic assessment.

Future studies on specificity, sensitivity and replication of these findings are needed.

Keywords: dopaminergic systems, noradrenergic systems, biomarkers, ADHD, diag‐
nosis, treatment

1. Introduction

The attention-deficit-hyperactivity disorder (ADHD) is one of the most frequently diagnosed
psychiatric disorders in children with an estimated worldwide-pooled prevalence of about

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



5.3–8.7% [1–3], persisting through adolescence and adulthood with a prevalence of up to 5%
[4, 5]. The core symptoms include increased inattention and/or hyperactivity and impulsivity
as well as lack of emotional self-control and motivation.

ADHD is a complex and heterogeneous disorder and its aetiology is not yet completely
understood [6]. Despite evidence that environmental factors (i.e. maternal smoking, low
birthweight, prematurity) play a significant role in its aetiology, classical genetics studies
support a strong genetic contribution for ADHD. The risk of ADHD among parents of children
with ADHD is increased by twofold to eightfold compared with the population rate [7]. A
meta-analysis of 20 pooled twin studies estimated an average hereditability of 76%, suggesting
that ADHD is one of the disorders with the strongest genetic component in psychiatry [7].
Despite these high heritability estimates, identification of genes that confer susceptibility to
ADHD has been a slow and difficult process and current findings from both candidate gene
studies and genome-wide association studies (GWAS) suggest that ADHD is a polygenic
disorder with minor contribution from each individual susceptibility gene [for reviews, see 8,
9]. In particular, it seems likely that the high heritability of ADHD is determined by common
variants as well as by rare deletions or duplications known as copy number variants (CNVs)
[10]. A useful database on the genomic studies in ADHD is to date available (http://
adhd.psych.ac.cn/index.do).

Multiple neural pathways have been implicated in the development of ADHD and the most
studied is the dopaminergic neurotransmission based on the observed dopamine (DA)
deficiency in children with ADHD and on the therapeutic benefits provided by methylpheni‐
date (MPH), a DA agonist. A meta-analysis of commonly studied candidate genes has revealed
associations between ADHD and variants of the dopamine transporter (DAT1) gene (SLC6A3)
and the dopamine D4 and D5 receptor genes (DRD4, DRD5) [11]. Moreover, significant
peripheral alterations in norepinephrine (NE) levels and its main metabolites have been
observed in ADHD patients [12]. This along with pharmacological evidence support that the
noradrenergic system also plays a significant role in the aetiopathogenetic mechanisms of this
illness.

1.1. Diagnosis

The clinical characterizations, underlying concepts, and nomenclature of the dysfunctions
have changed over the time and hyperactive, inattentive, and impulsive children have been
described by several authors during the past 200 years. First clinical description of attentional
disorders was reported by the German physician, Melchior Adam Weikard, in 1775, and the
successive mentioning of ADHD was described in 1902 by the British pediatrician, Sir George
Still. In 1952, the APA issued the first DSM but only the second edition included “hyperkinetic
impulse disorder”. This name was further changed in attention deficit disorder (ADD) with/
without hyperactivity in 1980 (DSM-III). The APA released a revised version of the DSM-III
in 1987 where they changed the name definitively to attention-deficit-hyperactivity disorder
(ADHD). The three subtypes (combined type ADHD, predominantly inattentive type ADHD,
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predominantly hyperactive-impulsive type ADHD) were established in 2000 (DSM-IV) (for
review, see [13]). Recently, NIMH approved the Research Domain Criteria (RDoC) project
where a set of assumptions permit to find a new classification system, by integrating genetics,
imaging and cognitive information [14]. The RDoC suggests that a biomarker approach to
diagnosis may be a more valid way to classify complex mental disorders such as ADHD.
Biomarkers offer the opportunity to standardize and improve diagnostic assessment while
providing insights into aetiological mechanisms. To date, although biomarkers are success‐
fully used in predicting diseases such as cancer, there is no laboratory test that is used clinically
for the diagnosis of ADHD.

1.2. Treatment

Pharmacotherapy has an essential role in the treatment of ADHD [15].

Stimulants, such as MPH and dextro-amphetamine (d-AMP), are the most widely used
medications approved by the Unites States Food and Drug Administration (US-FDA) for the
treatment of ADHD in children [16], and more than 70% of children with ADHD respond to
these drugs [17]. These medications improve both the cognitive (inattention and impulsivity)
and the non-cognitive (hyperactivity) domains of the disorder [18]. They have virtually
identical clinical effects, although AMP formulations are modestly more efficacious than MPH
[19]. Usually, a child who responds to one stimulant drug also responds to the other, presum‐
ably because of the similar effect of the drugs on brain monoamine metabolism, and it is
generally assumed that the mechanism of at least some effects of these drugs involves DA. In
fact, preclinical studies have shown that both stimulants block the re-uptake of DA and NE
into the pre-synaptic neuron, and increase the release of these monoamines into the extra‐
neuronal space.

Other drugs used are the monoamine oxidase inhibitors (MAOIs) that block the breakdown
of serotonin (5-HT), NE, DA and increase the availability of these monoamines.

Proven alternate choices to stimulant medications include atomoxetine, guanfacine and
bupropion. Atomoxetine is a non-stimulant approved by the FDA for the treatment of ADHD.
It is in the class of medications known as selective NE re-uptake inhibitors. There is good level
of evidence provided by meta-analysis of efficacy for this drug [20–22]. Long-acting guanfacine
is in the group of medications known as alpha agonists. These medications were developed
for the treatment of high blood pressure but have also been used to treat children with ADHD
who have tics, sleep problems and/or aggression. It has recently been approved by the FDA
for the treatment of children with ADHD. Finally, bupropion is a unique type of antidepressant
that has been less frequently studied as a treatment for ADHD. Like stimulants and atomox‐
etine, it inhibits the re-uptake of both DA and NE but does not carry the potential risk of abuse
and dependence seen with stimulants.

Other alternative treatments, in addition to the behavioural therapy, regard the use of
pycnogenol, a herbal dietary supplement derived from French maritime pine bark extract [23]
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or pemoline, a central nervous system (CNS) stimulant, structurally different from AMP and
MPH, that acts via enhancing central dopaminergic transmission [24].

Although there are several treatments for ADHD, the mechanisms of action of these agents
are still unknown and to date no biological predictors of treatment response are available that
can be used in treatment planning.

1.3. Definition of a biomarker

The identification of genetic and biochemical markers might facilitate the differential diagnosis
of ADHD as well as allow better monitoring of treatment response or prediction of disorder
progression, and help to determine treatment strategy and the development of individualized
therapies.

According to US-FDA, a biomarker is defined as a characteristic that can be objectively
measured and evaluated as an indicator of a normal biological process, a pathogenic process
or a response to a therapeutic intervention [25, 26].

In other words, the identification of genetic and peripheral biomarkers, which provide
molecular signatures of disease, could potentially improve diagnostic classification. Also, the
identification and validation of biomarkers for a disorder have the potential application as
indicators of disease status, course of the illness and potentially as targets to monitor and
predict response to therapeutics.

A desirable diagnostic biomarker should meet several characteristics. In particular, (a) high
specificity and sensitivity (80 % for both); (b) reliability, reproducibility, inexpensiveness and
easy use; (c) independent confirmations by qualified researchers published in peer-reviewed
journals; (d) biomarker interpretation should allow comparison with other neurological
observations; (e) information provided by a biomarker should be timely and cost-effective with
significant clinical usefulness; (f) technology for a test should be available and tolerated by the
general target population; (g) methodology should be cheap, simple and easily integrated into
a clinical care practice [27].

To date, it is well accepted that a single biomarker is very unlikely to provide enough infor‐
mation to identify cellular and metabolic pathways involved in a particular individual. Thus
the identification of a signature set of biomarkers for a disorder each based on their underlying
biological pathways will be the most effective for diagnosis and treatment selection [28].

Biological samples useful for a diagnostic test should be ideally non-invasive, which is
especially important in psychiatric disorders, since patients often have conditions that should
typically not be exacerbated by additional stress. Some studies utilize fluids such as brain tissue
or cerebrospinal fluid (CSF), which represent an invasive procedure, whereas urine and saliva
are the best non-invasive procedures.

On this basis, the main aims of this chapter are: (a) to identify, among the dopaminergic and
noradrenergic molecules strongly associated to aetiopathogenesis of the disorder, potential
genetic and biochemical markers linked to ADHD diagnosis; (b) to assess whether treatments
can change peripheral levels of a biomarker, to be then useful, if tested, as a response predictor.
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2. Role of dopaminergic and noradrenergic systems as potential genetic and
biochemical markers in ADHD diagnosis

In this paragraph, we report evidence on the involvement of the most relevant components of
dopaminergic and noradrenergic pathways with ADHD aetiopathogenesis as well as with
neuropsychological, neuroimaging, treatment response, biochemical and gene expression
features. This is to identify, among these molecules, the best potential markers linked to ADHD
diagnosis and thus to characterize a putative signature set of genetic and biochemical markers
for ADHD. Here, we report positive associations of polymorphisms (single-nucleotide
polymorphisms – SNPs and variable number of tandem repeats – VNTR) in different genes
(genomics) or alterations in peripheral levels of different proteins (metabolomics) with ADHD.

2.1. Method

The literature research was conducted by using two online electronic databases (PubMed
http://www.ncbi.nlm.nih.gov/pubmed/, database ADHD http://adhd.psych.ac.cn/index.do)
from inception until December 2014, for all available studies on genomics, metabolomics
neuropsychological, neuroimaging, dopamine, norepinephrine, metabolites, metabolism
enzymes, levels, biochemical, expression, response and “ADHD” or “Attention Deficit
Hyperactivity Disorder”. Once articles had been collected, bibliographies were manually
searched for additional eligible studies. The literature search was performed by two individ‐
uals independently.

2.2. Results

2.2.1. Dopamine neurotransmitter system

The DA hypothesis for ADHD’s neurological mechanism is the most probable and studied
theory. It is based on a malfunctioning or decreased functioning of the DA system in particular
regions of the brain, supported by data derived from pharmacological and neuroimaging
studies, from animal models as well as for its involvement in the regulation of functions such
as attention or psychomotor activity, which are impaired in ADHD [29].

2.2.1.1. Dopamine Transporter Gene (DAT1, SLC6A3)

The main function played by DAT1 is to regulate DA availability. In particular, it removes DA
from the synaptic cleft into the pre-synaptic neuron or releases DA into the extracellular space.
Its involvement in the aetiopathogenetic mechanisms of ADHD is supported by the evidence
that dopaminergic neurotransmission is controlled by the DAT1 protein, DAT1 is the main
target for MPH and AMP, knockout mice for DAT1 present hyperactivity and deficits in
inhibitory behaviour, DAT1 has been mapped near to 5p13, a susceptibility locus for ADHD.

The most studied DAT1 variant is a VNTR of 40 base pairs located at the 3′-untranslated region
(3′-UTR) of the gene. The ten repeat (10R) and nine repeat (9R) alleles are the most common.
A recent meta-analysis that pooled 34 studies on this polymorphism demonstrated an
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association between the 10R allele and ADHD susceptibility [11]. A single successive study
replicated this association, with the 10R allele conferring greater risk for ADHD symptoms
[30]. This allele has a functional effect because it correlates with increased DA concentrations
in CSF [31] and with higher DAT density in ADHD children in basal ganglia, a brain area
participating in inhibitory behaviours [32].

As reported in [33, 34], 10R allele was linked to specific neuropsychological and neuroimaging
functions and treatment response. In particular, this allele was associated to (a) sustained
attention, (b) executive functions, (c) response inhibition, (d) spatial attentional bias, (e)
abnormal reward-related ventral striatum activity, (f) diverse patterns of EEG responses, (g)
lower IQ, (h) reduced caudate volume, (i) abnormalities in vigilance and EEG activity in
response to MPH, (l) higher regional cerebral blood flow and poorer treatment response (Table
1).

2.2.1.2. Dopamine D4 Receptor (DRD4) gene

The DRD4 is a G-protein-coupled receptor belonging to the DA D2-like receptor family, which
acts to inhibit adenyl cyclase. It is involved in ADHD aetiopathogenetic mechanisms because
of its high expression in brain regions implicated in attention and inhibition such as anterior
cingulate cortex. Moreover, DRD4 was the first to be associated with personality trait common
in ADHD (novelty-seeking).

A highly polymorphic functional VNTR in the third exon has been frequently studied in
association studies. It comprises 11 copies of a 48-bp repeat sequence, where 4, 7 and 2R repeat
alleles are the most prevalent. Two meta-analyses confirmed that the 7R allele was associated
with ADHD susceptibility [11, 35]. Recently, rare variants and non-synonymous mutations in
the VNTR region of 7R allele have been identified in ADHD subjects [36], suggesting an allelic
heterogeneity in the VNTR as an important factor in the pathophysiology of ADHD.

As summarized in [33], this allele was associated to (a) cognitive markers such as speed of
processing, set shifting, and cognitive impulsiveness, (b) thinner pre-frontal and parietal
cortex, (c) enhanced response to MPH. Moreover, mRNA expression levels of DRD4 were
lower in ADHD [37] (Table 1).

2.2.1.3. Dopamine D5 Receptor (DRD5) Gene

The DRD5 is a G-protein-coupled receptor that belongs to the D1 class of DA receptors and
serves to stimulate adenyl cyclase activity. Some studies support its involvement in ADHD
aetiopathogenesis: (a) the expression of this gene is higher in hippocampus, a brain area
involved in ADHD pathogenesis; (b) DRD5 is implicated in synaptic strength in hippocampal
memory formation. The association between ADHD and a highly polymorphic dinucleotide
repeat of DRD5 ((CA)n), at the 5′ flanking region, has been the most studied. This variant
comprises 12 alleles and the 148-bp and 136-bp alleles are the most common. The 148-bp allele
is a risk factor for ADHD according to two meta-analyses [11, 35]. Moreover, it was found
associated to some neuropsychological features such as commission errors, omission errors
and reaction time variability [33] (Table 1).
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Table 1. Data from genomic and metabolomic studies in dopaminergic, noradrenergic and biogenic trace amines
systems and metabolism enzymes classified according to neuropsychological, neuroimaging, treatment response,
biochemical and gene expression findings. Results from meta-analyses on the effects of treatments and peripheral
levels of the biomarkers.
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2.2.1.4. DA, Dihydroxyphenylacetic Acid (DOPAC) and Homovanillic Acid (HVA)

DA and its main metabolites DOPAC and HVA showed no difference in urine excretion in
ADHD patients compared with controls [12] (Table 1).

2.2.2. Noradrenergic neurotransmitter system

In 1971, Wender et al. [38] was the first to propose that symptoms usually present in ADHD,
such as hyperactivity, inattention and impulsivity, could be the result of abnormalities in the
dopaminergic and in noradrenergic neurotransmission system. The authors suggested that
noradrenergic system was disturbed in ADHD and that the stimulant medication used to treat
these symptoms acted on this neurotransmitter to compensate for the deficit. Indeed after
treatment with low dose of MPH, NE efflux increased within the pre-frontal cortex (PFC).
Moreover, the presumed method of action of atomoxetine is to increase extracellular levels of
NE in PFC.

2.2.2.1. Norepinephrine Transporter Gene (NET1, SLC6A2)

The SLC6A2 gene codes for the norepinephrine transporter, which is responsible for the re-
uptake of NE from the synaptic cleft back into the pre-synaptic neuron and is targeted by
atomoxetine. NET1 is most highly expressed in the frontal lobes where it plays a role in
noradrenergic and dopaminergic re-uptake. Although the meta-analysis of the most studied
polymorphism of rs5569 or G1287A (exon 9) showed negative results [11], an association was
observed in a genome-wide association study [39]. Moreover, allele G was linked to decreasing
in mean omission error scores after MPH administration [33] (Table 1).

Although few studies are available, other and different polymorphisms in this gene were
associated independently to some neuropsychological tasks and MPH or atomoxetine
response [33] (Table 1).

2.2.2.2. Norepinephrine (NE)

A recent meta-analysis [12] on peripheral urinary levels indicated higher concentrations in
ADHD compared with controls. (Table 1).

2.2.2.3. 3-Methoxy-4-Hydroxyphenylglycol (MHPG)

MHPG is the main metabolite of NE. According to a meta-analysis on its urinary levels [12],
the data showed a significant decrease in ADHD patients as compared to controls (Table 1).

2.2.2.4. Normetanephrine (NM) and Vanillylmandelic Acid (VMA)

Other metabolites studied are NM and VMA. According to a recent meta-analysis [12], the
urinary levels of NM showed no alterations in patients as compared to controls after Bonferroni
correction. Concerning VMA metabolite, contrasting results were reported on its urinary levels
[12] (Table 1).
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2.2.2.5. Neuropeptide Y (NPY)

NPY frequently co-localizes with catecholamine systems. It participates in the regulation of
feeding, circadian rhythms, reproduction, and thermoregulation. Some studies reported in
[12] confirmed increased plasma NPY concentrations in ADHD children compared with
controls and an association was observed between gene dose-dependent increases in NPY and
emotion processing (Table 1).

2.2.3. Biogenic trace amines

2.2.3.1. Phenylethylamine (PEA)

PEA is considered a trace amine because its urinary excretion rate and brain concentration are
very low compared to the other catecholamines. In dopaminergic neurons of the nigrostriatal
system, PEA is synthesized by the decarboxylation of phenylalanine and has the function to
stimulate the release of DA. According to some studies summarized in [12], urinary levels of
PEA are significantly lower in patients with ADHD compared with controls. Interestingly,
decreased levels of PEA have also been associated with symptoms of inattentiveness (Table 1).

2.2.4. Metabolism enzymes

Molecular studies have provided compelling evidence for the association of ADHD with genes
that encode enzymes involved in the metabolism of catecholamine and serotonin [8, 9].

2.2.4.1. Monoamine Oxidase A (MAOA)

The MAOA gene encodes a protein involved in the metabolism of DA, 5-HT and NE. Different
evidence link this gene to aetiopathogenetic mechanisms of ADHD including a MAOA
knockout mouse, showing an aggressive behaviour and higher monoaminergic neurotrans‐
mitter levels. Recent studies have focused mainly on a functional 30-bp VNTR 1.2 kb upstream
of the gene, but according to the meta-analysis [11], no association was found. This VNTR was,
however, linked to commission errors attenuated after MPH administration [33]. Other
polymorphisms, independently or in combination of haplotypes, were found associated to
specific neuropsychological tasks (i.e. motor control or visuo-spatial working memory, reward
deficiency or insufficient response inhibition) [33]. Concerning blood levels, the meta-analysis
[12] indicated reduced levels in ADHD compared with controls. MAO levels were associated
with increased inattention and impulsivity [12] (Table 1).

2.2.4.2. Dopamine Beta Hydroxylase (DBH)

The DBH gene encodes an enzyme that catalyzes the conversion of DA into NE which is
particularly expressed in the pre-frontal cortex. The polymorphism intron 5 TaqI (rs2519152)
was the most studied, whereas A–1021C/T variant (rs1611115), although a functional poly‐
morphism, was less investigated. A meta-analysisof these variants reported no association
with ADHD [11].
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However, A2/T allele was found associated with several neuropsychological tasks (poorer
performances on a temporal order judgment task, more commission and omission errors and
greater reaction time variability, more errors on measures of problem-solving and cognitive
impulsiveness). An association between neuropsychological measures of executive function
in children with ADHD and the –1021C/T variant has also been reported [33]. Concerning the
studies on its peripheral levels, patients with ADHD showed lower activities of DBH in serum
and urine, whereas no alterations were observed in plasma levels. It was suggested that
decreased DBH levels correlate with ADHD symptoms [12] (Table 1).

2.2.4.3. Catechol-O-Methyltransferase (COMT)

The COMT is an enzyme responsible for the degradation of DA and NE. It is highly expressed
in frontal lobe where it regulates synaptic DA levels. Most of the association studies between
COMT and ADHD susceptibility were focused on the well-known functional polymorphism
in exon 4 valine158 methionine (Val158Met). This SNP influences its enzyme activity because
homozygotes for the valine allele show greater activity than homozygotes for the methionine
allele. A recent meta-analysis [40] indicates no association between ADHD and the Val158Met.
However this polymorphism was found associated to (a) some neuropsychological tasks, (b)
antisocial and aggressive behaviours of ADHD, (c) response to MPH treatment [33] (Table 1).

3. Effects of ADHD treatments on peripheral levels of a biomarker in
dopaminergic and noradrenergic systems

Although several treatments for ADHD are available, there are no biological predictors of
treatment response that can be used in treatment planning. To address this gap in the literature,
we, for the first time, meta-analyzed studies assessing the effects of treatment on biomarkers
in dopaminergic, noradrenergic, biogenic trace amines systems and their principal metabo‐
lites. The effects of treatments on biomarkers may give insights into their mechanisms of action
and could be useful for developing hypotheses about biomarkers that might predict treatment
efficacy.

3.1. METHODS

3.1.1. Literature Search

To identify eligible studies for the meta-analysis, we searched two online electronic databases
(PubMed and Human Genome Epidemiology Network, HuGeNet), from inception until
December 2014, for all available studies on biomarkers and ADHD treatments in childhood.
The diagnostic search terms used to query the databases were “ADHD” and “Attention Deficit
Hyperactivity Disorder”. These two terms were used to conduct searches with all relevant
names of the biomarkers of interest along with different combinations of the following
keywords: dopamine, norepinephrine, metabolites, levels, peripheral, blood, urine, treatment,
clinical trial, methylphenidate, amphetamine, pemoline, pycnogenol, aspartame. Once articles
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had been collected, bibliographies were manually searched for additional eligible studies. The
literature search was performed by two individuals independently.

3.1.2. Inclusion and Exclusion Criteria

We included studies that (a) investigated one or more of the peripheral biomarkers described;
and (b) provided the features needed for performing meta-analyses. We excluded studies that:
(a) compared cases with ADHD with controls; (b) were case reports, (c) were commentaries
or reviews, (d) were not in English, (e) used adults or animal models, (f) selected samples based
on a disorder other than ADHD.

3.1.3. Data Extraction for Meta-analyses

For all studies suitable for meta-analyses, we extracted the following data from the original
publications: first author and year of publication, the number of participants, percent males,
mean age in years, study designs, biomarkers analyzed, drugs, dosage, treatment time
duration, results obtained (Table 2).

3.1.4. Statistical Analyses

Review Manager was used to analyze the data (RevMan Version 5.1.6; Copenhagen, The
Nordic Cochrane Centre, The Cochrane Collaboration, 2008). As reported in [12], we used the
fixed-effects model to generate a pooled effect size and 95% confidence interval (CI) from
individual study effect sizes (the standardized mean difference [SMD]) using the inverse
variance method. The significance of the pooled effect sizes was determined by the z-test.
Between study, heterogeneity was assessed using a χ2 test of goodness of fit test and the I2

statistic. We used a p value of 0.05 to assert statistical significance. In instances where the results
showed a significant effect in the presence of significant between-study heterogeneity, a
random effects model was used, with effect sizes pooled using the DerSimonian and Laird
method.

Publication bias was estimated by the method of Egger et al. [41] which uses a linear regression
approach to measure funnel plot asymmetry on the natural logarithm scale of the OR. The
significance of the intercept (a) was determined by the t test [41]. The rank correlation method
and regression method tests were conducted by MIX version 1.7. (http://www.mix-for-meta-
analysis.info).

Because we conducted 8 meta-analyses to assess the significance of biomarkers, our Bonferroni
corrected significance level was 0.006.

3.1.5. Behavioural methods

The main scales to address behavioural modifications/response to drugs were Conners
Teacher/Parent Rating Scales [42–54, 23]. Moreover, other tests/scales were used: Physical and
Neurological Examination for Soft Signs [47, 53, 46, 55], Multigrade Inventory for Teachers,
Matching Familiar Figures Test, Children’s Checking Task, Wisconsin Card Sorting Test,
Airplane Test [42], Children’s Global Assessment and Impression Scales, Child (Attention
Problems) Teacher Rating scale, Wechsler Intelligence Scale for Children [47, 54, 23].
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Table 2. Summary of studies on the ADHD treatments and peripheral levels of biomarkers in dopaminergic,
noradrenergic and biogenic trace amines systems included in the meta-analyses.
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3.2. Results

After screening of papers according to the inclusion/exclusion criteria, 35 ADHD treatments
studies that focused on alterations in the principal metabolites and metabolism enzymes of
dopaminergic and noradrenergic neurotransmission pathways were reported.

The main studies suitable for performing meta-analyses on ADHD treatments and peripheral
biomarkers in dopaminergic, noradrenergic and biogenic trace amines systems are described
in Table 2.

All the analyses presented below use the SMD as the effect size.

Captions: Chi2 = χ2 test of goodness of fit; Tau2 = estimate of the between-study variance in a random-effects meta-
analysis; methylphenidate (MPH); dextroamphetamine (d-AMP); monoamine oxidase inhibitors (MAOIs).

Figure 1. Random forest plot for standard mean differences (SMD) from meta-analysis of urinary dopamine (DA) lev‐
els.

3.2.1. Dopamine neurotransmitter system

3.2.1.1. DA and DOPAC

Urinary levels of DA [23, 42-46] and its metabolite DOPAC [47, 48, 44, 45] were investigated
in several studies included in the meta-analyses. The results indicated no alteration in DA
levels after d-AMP treatment (Z = 1.62 p = 0.11), with a slight heterogeneity in effect sizes among
the studies (p = 0.04, I2=69%). Other treatments (MPH, aspartame, pemoline, MAOIs, pycno‐
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genol) did not influence its levels (Figure 1). No clinically significant effect on the behaviour
and cognitive status of children with ADHD was observed after aspartame, pemoline,
pcynogenol and MAOIs [42, 45, 43, 23], as well as in relation to d-AMP treatments.

Similarly, urinary DOPAC levels were similar between treated and not-treated patients with
ADHD both after MPH (Z = 0.08, p = 0.93) and after d-AMP (Z = 1.10, p = 0.27) treatment.
Significant heterogeneity in effect sizes across studies was observed for d-AMP (p = 0.0001, I2

= 89%). The difference observed after MAOIs treatment (Z = 2.38, p = 0.02) was lost after
Bonferroni correction (Figure 2) and no clinical effect in children with ADHD was observed
[45]. Similarity, there were no correlations between DOPAC levels and behavioural improve‐
ments after MPH and d-AMP treatments.

Captions: Chi2 = χ2 test of goodness of fit; Tau2 = estimate of the between-study variance in a random-effects meta-
analysis; methylphenidate (MPH); dextroamphetamine (d-AMP); monoamine oxidase inhibitors (MAOIs).

Figure 2. Random forest plot for standard mean differences (SMD) from meta-analysis of urinary metabolite dihydrox‐
yphenylacetic acid (DOPAC) levels.

3.2.1.2. Homovanilic Acid (HVA)

Eleven studies assessed the DA metabolite HVA in urine [42, 47, 48, 43-45, 49, 50, 46, 55, 38].
No alterations in HVA levels were observed after MPH (Z = 0.09, p = 0.93) and after d-AMP
(Z = 1.76, p = 0.08) treatment. Significant heterogeneity in effect sizes across studies was
observed after d-AMP treatment (p = 0.0001, I2 = 76%). Only one study [45] reported reduced
HVA levels after MAOIs treatment (Z = 3.46, p = 0005), but no correlation with behavioural
features was observed (Figure 3). No clinical effect on the behaviour and cognitive status of
children with ADHD was observed after aspartame, pemoline and MAOIs [42, 45, 43], as well
as after MPH and d-AMP treatments.
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Captions: Chi2 = χ2 test of goodness of fit; Tau2 = estimate of the between-study variance in a random-effects meta-
analysis; methylphenidate (MPH); dextroamphetamine (d-AMP); monoamine oxidase inhibitors (MAOIs).

Figure 3. Random forest plot for standard mean differences (SMD) from meta-analysis of urinary homovanilic acid
(HVA) levels.

3.2.2. Noradrenergic neurotransmitter system

3.2.2.1. NE

Our meta-analyses for NE included nine studies [23, 42, 47, 48, 43–46, 38] and showed no
difference in urinary levels in treated patients with ADHD compared with those not treated
(MPH: Z = 0.81, p = 0.42; d-AMP Z = 1.55, p = 0.12), with heterogeneity in effect sizes across
studies for d-AMP (p = 0.0002, I2 = 82%) (Figure 4). Significant reduction of urinary NE was
observed after pycnogenol treatment (Z = 3.08, p = 0.002) (Figure 4), with consequently less
hyperactivity [23] (Table 1). No clinical effect on the behaviour and cognitive status of children
with ADHD was observed after aspartame, pemoline and MAOIs [42, 45, 43] and similarly
with MPH and d-AMP treatments.
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Captions: Chi2 = χ2 test of goodness of fit; Tau2 = estimate of the between-study variance in a random-effects meta-
analysis; methylphenidate (MPH); dextroamphetamine (d-AMP); monoamine oxidase inhibitors (MAOIs).

Figure 4. Random forest plot for standard mean differences (SMD) from meta-analysis of urinary norepinephrine (NE)
levels.

3.2.2.2. Methoxy-4-hydroxyphenylglycol (MHPG)

Another widely studied metabolite of NE is MHPG. Fourteen studies provided data for our
meta-analysis [47, 48, 43-45, 52, 49, 50, 56, 51, 53, 46, 55, 38]. We found significantly lower
urinary MHPG levels in treated compared with not-treated patients after d-AMP treatment
(d = 0.89, Z = 6.23, p < 0.00001), significant after Bonferroni correction. No heterogeneity of effect
sizes across studies was observed. Concerning the results about MPH, a trend of significance
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meta-analysis [47, 48, 43-45, 52, 49, 50, 56, 51, 53, 46, 55, 38]. We found significantly lower
urinary MHPG levels in treated compared with not-treated patients after d-AMP treatment
(d = 0.89, Z = 6.23, p < 0.00001), significant after Bonferroni correction. No heterogeneity of effect
sizes across studies was observed. Concerning the results about MPH, a trend of significance
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was reported (Z = 1.85, p = 0.06), but it was lost after Bonferroni correction. Only one study
reported a significant decrease after MAOIs treatment (Z = 4.21, p < 0.0001) [45] (Figure 5).

Captions: Chi2 = χ2 test of goodness of fit; Tau2 = estimate of the between-study variance in a random-effects meta-
analysis; methylphenidate (MPH); dextroamphetamine (d-AMP); monoamine oxidase inhibitors (MAOIs).

Figure 5. Random forest plot for standard mean differences (SMD) from meta-analysis of urinary 3-methoxy-4-hydrox‐
yphenylethylene glycol (MHPG) levels.

Moreover, with the aim to assess whether MHPG can be a potential predictor of the treatment
response, we have meta-analyzed studies that reported MHPG urinary levels among res‐
ponders and no responders pre- and post-treatment [57, 54, 53, 51]. The results indicated that
MHPG urinary levels are reduced by stimulants in the responders (Z = 2.66, p = 0.008) but not
in the no-responders (Z = 0.16, p = 0.87) (Figure 6).

Significant correlations were observed between lower levels of MHPG and behavioural
improvements after d-AMP administration [45, 49, 54, 50, 51, 53] (Table 1), whereas no
significant correlation was observed after MPH [48], or MAOIs [45] or pemoline [43] treat‐
ments.
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Captions: Chi2 = χ2 test of goodness of fit; Tau2 = estimate of the between-study variance in a random-effects meta-
analysis.

Figure 6. Random forest plot for standard mean differences (SMD) from meta-analysis of urinary 3-methoxy-4-hydrox‐
yphenylethylene glycol (MHPG) levels in responders and no responders and pre-post d-AMP treatment.

Captions: Chi2 = χ2 test of goodness of fit; Tau2 = estimate of the between-study variance in a random-effects meta-
analysis; methylphenidate (MPH); dextroamphetamine (d-AMP); monoamine oxidase inhibitors (MAOIs).

Figure 7. Random forest plot for standard mean differences (SMD) from meta-analysis of urinary normetanephrine
(NM) levels.
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Following the Egger et al. [41] method, we have tested the presence of publication bias (is a
bias with regard to what is likely to be published, among what is available to be published)
for all biomarkers analyzed. Only in the case of MHPG, we observed a slight significant
presence of publication bias (p = 0.05, data not shown). However when the study from
Zametkin et al. [45] was excluded, this difference disappears (p = 0.21, data not shown).

3.2.2.3. Normetanephrine (NM)

The main metabolite of NE is NM. The meta-analysis of NM included eight studies [47, 48, 43–
45, 51, 55, 38]. No differences in urinary NM levels were observed between treated and not-
treated patients after MPH (Z = 0.42, p = 0.68) and after d-AMP (Z = 1.25, p = 0.21) treatments,
with heterogeneity of effect sizes across studies for MPH (p < 0.00001, I2 = 92%). One study
reported no alteration after pemoline treatment, with no correlation with behavioural im‐
provements [43] and one study indicated increased levels of NM after MAOIs treatment with
no evidence of correlation with behavioural features (Z = 3.23, p = 0.001) [45] (Figure 7).

3.2.2.4. Vanillylmandelic Acid (VMA)

Other metabolites studied are VMA. Six studies were available for meta-analyses [47, 48, 43–
45, 38] and the results indicated significant difference after d-AMP treatment (Z = 2.12, p = 0.03)
but lost after Bonferroni correction. Significant difference was observed for the presence of
heterogeneity in effect size across the studies (p < 0.0001, I2 = 86%). Reduced levels of VMA
after MAOIs treatment were observed in only one study [45] (Z = 4.45, p < 0.00001), in absence
of significant correlation with behavioural improvements. Moreover, no alteration was
observed after pemoline treatment along with no clinically significant effect on the behaviour
of children with ADHD [43] (Figure 8).

3.2.3. Biogenic trace amines

3.2.3.1. PEA

Although there are not enough studies for performing meta-analysis, administration of d-AMP
resulted in an increased urinary excretion of PEA [44, 58, 57]. However, no correlation was
observed between PEA levels and the ADHD severity [57, 58] (Table 1). No alterations were
observed after MPH, MAOIs, and pemoline treatments [43–45].

4. Discussion and future research

This chapter has two main aims: (a) to define a hypothetical signature of a set of genetic and
biochemical markers useful for the ADHD diagnosis; (b) to determine whether the treatment
changes the levels of a biomarker to be useful, if tested, as a predictor of treatment response.
In Table 1, we summarized the results obtained from this work, providing an overview of the
significant findings that emerged by the different analyses.
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Starting from the literature, we support evidence that SLC6A3 and DRD4 represent the best
potential genetic markers for ADHD diagnosis. As reported in [33], allele 10R in SLC6A3 gene,
susceptibility risk allele and associated to higher DA concentrations and higher DAT1 density
in basal ganglia, is linked to different and specific neuropsychological tasks, generates more
activation in specific brain areas, reduced brain structure and is associated to drugs response.
Interestingly a reverse association has been seen for ADHD adults where it is the 9R instead
of 10R, the risk allele [59]. This suggests that this allele can be a good candidate also for
discriminating ADHD in children vs. ADHD in adults.

Similarly 7R in DRD4 gene, susceptibility risk allele and linked to less responsivity to DA, is
involved in some cognitive features, brain structure and functioning, drugs response and
expression levels of DRD4.

In the second line, we co-localize the metabolite MHPG, the enzyme MAOA, NE and SLC6A2
as good candidates as markers for ADHD. They were found associated to peripheral levels
altered in ADHD, to some neuropsychological tasks, treatment response and symptomatology.

In the third line, interesting results come from DBH and COMT enzymes. Although the meta-
analyses of Taq1 and –1021 T/C in DBH gene and 158Val/Met in COMT gene have not identified
susceptibility alleles, variants of these genes are associated with neuropsychological perform‐
ance, peripheral levels, treatment response and symptomatology.

Captions: Chi2 = χ2 test of goodness of fit; Tau2 = estimate of the between-study variance in a random-effects meta-
analysis; methylphenidate (MPH); dextroamphetamine (d-AMP); monoamine oxidase inhibitors (MAOIs).

Figure 8. Random forest plot for standard mean differences (SMD) from meta-analysis of urinary vanillylmandelic
acid (VMA) levels.
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Although the studies are often opposite or contradictory due to the heterogeneity of the
disorder, SLC6A3, DRD4, MHPG, MAOA, NE, SLC6A2, DBH, COMT could represent, in this
order, a hypothetical signature of a set of genetic and biochemical markers useful for ADHD
diagnosis. In the absence of medications, peripheral levels of MAOA, DBH and also PEA were
observed correlated with ADHD behaviour. Of this hypothetical signature, SLC6A3 10R,
DRD4 7R, COMT val158met, MAOA were also associated to major depressive disorder (MDD),
schizophrenia, schizophrenia/anxiety disorders/bipolar disorder and obsessive-compulsive
disorder, respectively [60]. Moreover, peripheral levels of MHPG have been found associated
to manic syndrome in bipolar disorder [61], to microstructural changes within the cerebellum
in first-episode schizophrenia [62] and to melancholic MDD, even though without correlation
with duration/severity of depressive symptoms [63]. However, these findings, if they are
lacking specificity, on the other hand, suggest the common biological mechanisms linked to
dopaminergic and noradrenergic systems shareable with different psychiatric disorders, as
recently supported [60].

In relation to the meta-analyses on the peripheral alterations of a biomarker after treatment,
the results located, for the first time, the NE metabolite MHPG as the main molecule whose
urinary levels are influenced by the d-AMP treatment. This association was significant also
after Bonferroni correction. The other molecules such as DA, DOPAC, HVA, NE, NM, VMA
are not modified by the stimulants treatment and they are not correlated with behavioural
modifications after different drugs. Although there are not enough studies, suggestive results
have been obtained for PEA molecule, even though no evidence of correlation between
peripheral levels and behavioural features was observed after d-AMP treatment (see Table 1).
Moreover, we found a slight evidence of publication bias for MHPG and a significant hetero‐
geneity of effect sizes across studies for all biomarkers that significantly differentiated treated
ADHD patients from untreated.

Considering the present data along with the recent meta-analysis [12], MHPG could be a
potential biomarker for ADHD diagnosis and a potential predictor of treatment response.
Indeed, when we compared urinary levels of MHPG among patients with ADHD and control
subjects, the meta-analysis [12] indicated a significant decrease in patients. Similarly, the
administration of d-AMP significantly reduced the urinary levels of MHPG (present data).
This, along with the well-reported correlation between decrease in MHPG and behavioural
improvements after d-AMP treatment [45, 49, 54, 50, 51, 53] (see Table 1), focuses attention on
MHPG as a potential mediator of stimulant drug response, in addition to a useful biological
marker for diagnostic assessment. More interestingly, urinary MHPG levels are decreased after
stimulants administration only in the responders patients, indicating that MHPG could be a
useful predictor of the stimulants response.

The metabolite MHPG is a major product of NE breakdown. A significant fraction of urinary
MHPG (as much as 30–50%) comes from the metabolism of NE in the CNS in man. This is
supported by some evidence that destruction of NE terminals in the CNS of animals resulted
in decreased urinary levels of MHPG. Moreover, MHPG excretion in urine has been shown to
vary in response to changes in sympathetic activity or stressful situations. According to some
authors [51], reduced MHPG may be considered linked to decreased activity of MAO enzyme.
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Indeed, the results of the meta-analysis [12] demonstrated lower MAO and MHPG and higher
NE concentrations in patients with ADHD, supporting the current hypothesis that reduced
MAO activity impairs the degradation of NE and leads to lower levels of MHPG in patients
with ADHD.

Our results on the treatment contribute also to clarify the mechanism of action of d-AMP on
the MHPG levels. In agreement with some authors [51], we hypothesized that d-AMP, by
inhibiting the re-uptake of NE by the pre-synaptic nerve terminal and the intraneuronal MAO,
tends to decrease MHPG. A similar mechanism could be hypothesized also for MPH because,
although the results are negative (p = 0.06 see Figure 5), three studies [52, 48, 44] confirmed
lower levels of MHPG in treated patients with ADHD. This supports also the evidence that d-
AMP and MPH are remarkably similar in their clinical effects.

Few studies have been conducted on other medications such as pycnogenol, pemoline and
MAOIs, which make it difficult to interpret the lack of statistical significance for these medi‐
cations. To date, the current evidence is insufficient to support the use of pycnogenol for the
treatment of any chronic disorder including ADHD and well-designed, adequately powered
trials are needed to establish the value of this treatment [64]. Concerning pemoline, because
15 cases of acute fulminant hepatic failure with this treatment have been reported, its use has
been relegated to only rare circumstances [65, 66]. Moreover, MAOIs are a group of antide‐
pressants that can treat ADHD with some benefit, but are rarely used because they have
significant and sometimes dangerous side effects and can dangerously interact with foods and
other medications. Finally, one study [42] reported the biochemical monoamine determina‐
tions in relation to aspartame treatment. They demonstrated that aspartame at greater than 10
times usual consumption has no effect on the cognitive and behavioural status of children with
ADHD. In addition, aspartame does not appear to affect the urinary excretion rates of
monoamines and metabolites [42].

These data in general suffer of one important limitation that is specificity/sensitivity. All papers
reported in the review and in the different meta-analyses are lacking this information. It is also
important to highlight that most of these studies were conducted around ‘80s, ‘90s. Moreover,
the data related to meta-analyses analyzing the effects of the treatment on a biomarker have
some further limitations. In particular, (a) we found significant heterogeneity in effect size
across the studies for all biomarkers analyzed. This could be due to several issues: (1) no
homogeneity in the study designs because some studies used a placebo or baseline approach;
(2) different concentrations of drugs used in the several studies; (3) different treatment time
duration (from 1 week to 15 weeks); (4) methods to value the treatment response; (5) meth‐
odological procedures: repeated measurements on each child were not performed in all
studies; over time, several methods for measuring catecholamines were used [67] (studies
include a wide temporal range: urine levels of DA: from 1978 to 2007; HVA: from 1971 to 1994;
NE: from 1971 to 2007; VMA: from 1971 to 1988); (6) many of the studies were generated by
the same group (Shekim and Zametkin); (7) low significant effect sizes [68]. (b) The presence
of publication bias for MHPG. This was due by the paper from Zametkin et al. [45]. However,
when this paper was eliminated, the Egger test was not significant (p = 0.21 data not shown)
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and the meta-analysis for this metabolite was still significant (d = 0.62, Z = 6.27, p < 0.00001 with
less heterogeneity p = 0.09, I2 = 34%, data not shown).

Future research should be focused on the replication of these findings, to assess their specificity
for ADHD, and to quantify the degree to which they are sufficiently precise to be useful in
clinical settings. Thus more work is needed to determine whether the statistical significance
of our findings translate into diagnostic utility. Moreover, future studies will have to take into
account the deep integration of "omics" sciences such as the “pharmacogenomics”, "phenom‐
ics", "epigenomic", "proteomics", “transcriptomic”, "metabolomics". To date, the use of high–
throughput computational methods such as learning machinery permits to integrate the
complex network of genes (DNA, RNA), proteins and biochemical interactions along with
clinical and endophenotype profiling including therapeutic response to identify a set of
biomarkers useful for the diagnostic assessment and for the personalization of therapies.

5. Conclusion

Currently, no biomarkers for ADHD have achieved the status of clinical utility as a diagnostic
tool. This chapter supports evidence for a role of some dopaminergic and noradrenergic
molecules, their metabolites and metabolism enzymes such as SLC6A3, DRD4, MHPG, MAOA,
NE, SLC6A2, DBH, COMT that could represent, in this order, a hypothetical signature of a set
of genetic and biochemical markers useful for ADHD diagnosis. Moreover, this chapter
demonstrates, for the first time, with a meta-analytic method, that d-AMP influences urinary
MHPG levels and that, if it is tested, MHPG could be a useful predictor of response to
stimulants. Although further studies are needed mainly in relation to specificity and sensitiv‐
ity, we speculate that MHPG could be the best potential candidate as biomarker for ADHD.
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Abstract

Attention deficit/hyperactivity disorder (ADHD) is one of the most common
childhood psychiatric disorders. The worldwide prevalence of ADHD in children has
been reported at 4-7%. Numerous population- and clinical-based studies have
reported that more than half of cases of ADHD have at least one psychiatric comor‐
bidity. The presence of psychiatric comorbidities complicates the diagnosis, treat‐
ment, and prognosis of ADHD; thus, diagnosis of comorbidities is of great importance.
Possible comorbidities should therefore be investigated in cases diagnosed with
ADHD before treatment planning.

Keywords: Attention deficit/hyperactivity disorder, psychiatric comorbidity

1. Introduction

Attention deficit/hyperactivity disorder (ADHD) is one of the most common childhood
psychiatric disorders. This disorder is multifactorial in origin and clinically heterogeneous,
leads to socioeconomic burdens, and has undesirable academic and occupational outcomes [1].
The worldwide prevalence of ADHD in children is reported to be 4-7% [2]. Results of long-
term studies have revealed that a substantial proportion of individuals suffering from ADHD
during childhood continue to exhibit symptoms of ADHD during adolescence and adulthood
[2, 3]. Numerous population-based and clinical studies have reported that more than half of
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the patients suffering from ADHD have at least one psychiatric comorbidity and that this rate
increases with age [4-6].

These  comorbidities  may be  different  manifestations  of  the  same disorder  or  may have
different diagnoses while sharing a common disposition. Similarly, ADHD may be an early
manifestation of another disorder and may place the individual at risk of developing the
same [7].

These comorbid psychiatric conditions are more common in boys than in girls [1, 8-11]. One
study conducted in Switzerland reported at least one comorbidity in 87% of the ADHD cases
and more than one comorbidity in 67% [4]. Biederman et al. [7] have reported two or more
comorbidities in 20% of ADHD patients admitted to clinics. A study from Iran found at least
one psychiatric comorbidity in 73% of the childhood and adolescent cases of ADHD [12]. A
clinical study from Turkey also documented the presence of at least one comorbid psychiat‐
ric disorder in 96% of the children diagnosed with ADHD, assessed according to KSADS-
PL [13].

The presence of psychiatric comorbidities complicates the diagnosis, treatment, and prognosis
of ADHD, and thus, the diagnosis of comorbidities is of great importance [14]. Possible
comorbidities should therefore be investigated in patients diagnosed with ADHD before
planning treatment regimens, and the possibility of comorbidities arising during follow-up
should be taken into account [13].

2. Disruptive behavior disorder

Disruptive behavior disorders (DBD) are the most common comorbidities accompanying
ADHD. Individuals with oppositional defiant disorder (ODD) and conduct disorder (CD)
share many characteristics. For example, their conduct is socially unacceptable, they cause
disruption or distress to others more than to themselves (i.e., they “externalize” their prob‐
lems), they are more likely to be male, and they find it difficult to learn from experience. ODD
and CD are commonly investigated together in most studies to highlight their similarities and
differences. Biederman et al. [15] studied the prevalence of comorbidities in children and
adolescents with ADHD aged 6-17 years and reported high rates for ODD (46% in children
and 33% in adolescents) and CD (25% in children and 42% in adolescents).

One study that investigated the effect of gender on the clinical features of ADHD reported that
girls with ADHD are at reduced risk for developing comorbid major depression, conduct
disorder, and oppositional defiant disorder compared to boys with ADHD [16]. In clinical
practice, disruptive behavior disorders have a poorer prognosis when they are comorbid with
ADHD rather than alone and other accompanying comorbid psychiatric disorders. One
population-based prospective study in a broad sample reported an increased risk of unipolar
depression and bipolar disorder in ADHD, and that the risk was greatest in the group with
ADHD and comorbid CD or ODD [17]. ODD is the most common comorbid psychiatric
disorder and is associated with an increase in intrafamilial and social problems, irrespective
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of whether or not CD accompanies ODD [18]. Disruptive behavior disorders that are comorbid
with ADHD are an important factor in determining the clinical picture. Adolescents diagnosed
with DBD and ADHD are at a higher risk of undergoing psychiatric hospitalization at some
time in their life [19].

The overlap of ADHD and conduct problems is explained by common genetic and non‐
shared environmental  factors  that  influence both disorders.  Nevertheless,  the two disor‐
ders  appear  to  be  partly  distinct,  in  that  additional  environmental  factors  influence  the
severity of the behavioral problems. It appears that ADHD+CD is a genetically more severe
variant of ADHD [20].

One study compared patients with ODD/CD, comorbid ADHD, and those with only
ODD/CD. Both the patient subgroups had deficits in visuospatial working memory compared
to the control subjects, indicating that children with ODD/CD have deficits in visuospatial
working memory that are independent of the comorbid ADHD, and that a deficient working
memory may be an underlying factor in the development of ODD/CD [21].

Two subtypes of ODD are associated with ADHD, one that is prodromal to CD and another
that is subsyndromal to ADHD and unlikely to progress into CD in the later years. These ODD
subtypes have different correlates, courses, and outcomes. In a large, well-characterized, cross-
sectional sample of children with ADHD assessed at baseline and 4 years later at midadoles‐
cence, Biederman et al. found that the majority of the children with ODD did not have
comorbid CD. In contrast, CD was almost always comorbid with ODD. When ODD co-
occurred with CD, it preceded the onset of CD by several years. These findings indicate that
the two subtypes of ODD within ADHD can be distinguished as either being prodromal to CD
or not. The study also found that CD and ODD had similar correlates, and that these were less
severe in children suffering from ODD than CD, thus supporting the initial hypothesis that
ODD is a subsyndromal form of CD. This notion assumes that both disorders are part of the
same disease process in which CD is the more severe form while ODD is the less severe form
of the same disorder. Their findings, that CD is almost always comorbid with and precede
ODD, are also consistent with the second hypothesis that a subtype of ODD is prodromal to
CD. This subtype differs from the other type of ODD in that there is significantly higher risk
of familial antisocial disorders, comorbidity with mood and anxiety disorders, earlier age at
onset of ODD, higher number of comorbid psychiatric disorders, and greater number of ODD
symptoms [22].

One study involving the long-term monitoring of CD and ODD patients identified an increased
risk of long-term depression in patients with ODD and comorbid ADHD. The same study also
reported that patients with accompanying CD are at risk of developing psychoactive substance
use disorders and bipolar disorder in the long term [23]. Increased conflict, impaired commu‐
nication, and incompatibilities between parents and the child also lead to an increased risk of
ODD and CD in adolescents with ADHD [24]. While ODD is a precursor of CD, certain
additional risk factors are required for ODD to progress to CD. The clinical features of young
people with CD include a predominance in males, low socioeconomic status, and familial
aggression [25]. Wilson and Morcotte divided ADHD patients aged between 14 and 18 years
into two groups as with or without CD and compared these two groups in terms of success at
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school, self-perception, behavior problems, alcohol and substance abuse, and adaptive
behaviors. They reported that patients with CD exhibit significantly lower rates of success in
school, greater externalizing behaviors and emotional difficulties, and lower adaptive
behaviors compared to patients without CD [26].

The response to treatment in patients with ODD and CD comorbid with ADHD may vary, and
there is a greater need for integrative therapeutic approaches in these cases. A higher dose of
ADHD drugs may be required, apart from combined drug use, particularly atypical antipsy‐
chotics. Atypical antipsychotics are very frequently used in patients exhibiting ADHD and
disruptive behavior, and studies have mainly focused on risperidone. One meta-analysis
published recently reported that among the atypical antipsychotics, risperidone has a positive
effect on aggression and behavioral disorders in the 5- to 18-year age-group; however, similar
data on other atypical antipsychotics are not available [27]. Another recent study also com‐
pared risperidone and placebo in 168 patients aged 6-12 years diagnosed with ADHD+ODD/
CD who were prescribed methylphenidate and a parental education program. A reduction in
aggression and attacks on peers was observed when risperidone was added, but it was not
particularly effective in relieving the symptoms of the behavior disorder [28]. One open study
from Turkey suggested that aripiprazole reduce anger and guilt in cases of ADHD+CD [29].
Nondrug therapies are of great importance in the treatment of ODD and CD, and multidi‐
mensional therapies are indicated since the basis of these conditions lie in familial dysfunction,
societal problems, and disorganized families. Studies have shown that parental education
programs, when combined with a behavioral approach, have a positive effect on children with
ODD with respect to nonrule governed actions, anger, and negativism. In addition, enrollment
in sports programs also has a positive effect on this group of patients [30], and patient
participation in other therapeutic approaches increases following an effective drug therapy.

3. Learning disorders

Learning disorder (LD) is a common comorbid condition in ADHD. One review of the studies
on ADHD/LD comorbidity conducted between 2001 and 2011 reported wide differences in
comorbidity rates, and rates of LD comorbidity in patients ranged between 8% and 76%.
Greater difficulties in writing, but not in reading or mathematics in particular, were reported
by the studies on patients with high comorbidity rates [31-33]. Morgan et al. [34] reported
that the type of mathematical learning disorder that is more common in cases with ADHD
is predominantly the inattentive type. The median prevalence rate of LD was 45% in another
study, indicating that, on an average, one out of every two children with ADHD also have
LD [35].

Several studies have investigated the etiology of ADHD+LD comorbidity, and structural and
functional neuroimaging studies, and behavioral, genetic, and molecular research has revealed
the existence of a complex relationship between these two disorders [36].

ADHD and LD share some common symptoms. For example, an attention deficit may have
an adverse effect on a child’s concentration and learning process. The inability to concentrate
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on details and making of careless errors also have a negative effect on knowledge acquisition
and accurate information gathering. Confusion between alphabets (such as between b and d
seen in children with a reading disorder) may also be seen in inattentive children. They may
also have difficulties in solving mathematical problems due to their inability to concentrate on
details and errors may occur while writing. Thus, children with a learning disorder are
reluctant to study because they cannot acquire effective reading, writing or mathematical
skills, and similarly, children with ADHD avoid tasks that require uninterrupted attention. As
children with a learning disorder have problems transferring information from their short-
term memory to their long-term memory and in processing that information, they may forget
the information after some time, thus feeling as if they had never acquired it to begin with.
Forgetfulness can also be seen in children with ADHD.

Academic difficulties associated with an attention deficit may increase over the course of time
in children with ADHD, and this can be confused with LD [37]. Symptoms of an attention
deficit in children with ADHD have an adverse impact on the learning processes and lead to
the clinical manifestation of learning disorders. If these two disorders are comorbid, then the
symptoms may follow a more severe course. Therefore, the presence of LD should be inves‐
tigated when ADHD is diagnosed, and a differential diagnosis should be performed.

Children with ADHD and LD together are also more resistant to treatment. Comorbid LD must
be considered in patients with ADHD who do not show improvement despite treatment. A 6-
week randomized, double-blinded, place-controlled study that compared the effectiveness of
methylphenidate in ADHD with or without comorbid LD reported that behavior and per‐
formance improved with oral methylphenidate in both the groups [38]. The effectiveness of
methylphenidate in alleviating the core symptoms of ADHD is clear, but there is insufficient
evidence supporting its efficacy in LD alone.

Another study assessed the response to atomoxetine therapy in ADHD and ADHD accompa‐
nied by dyslexia and reported a significant improvement in ADHD symptoms and reading
scores in both the groups. A correlation analysis performed in the same study showed that
improvement in reading was not by itself sufficient to account for the decrease in symptoms
of ADHD. Further research is needed to ascertain the potential effects of atomoxetine on
reading in children with ADHD+dyslexia or dyslexia alone [39].

Pharmacotherapy alone is insufficient to treat children with ADHD+LD. Psychological
therapies can be added to pharmacological treatment, but more research is required to clarify
their role in the treatment of ADHD and comorbid learning disability [40]. Special education
techniques also need to be used in such cases.

4. Intellectual disability

ADHD is a widespread clinical condition in individuals with intellectual disability (ID). One
study that investigated psychiatric comorbidities in groups with or without ID reported that
the greatest difference between the two groups was in the rate of meeting the diagnostic criteria
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for ADHD (ratio = 3.21:1). The same study also reported a correlation between high stability
of externalizing behavior problems at age 3 to a diagnosis of ADHD at age 5 in both the groups
[41]. Another longitudinal study investigated ADHD in children with or without accompa‐
nying ID and monitored these children from the age of 5 till the age of 8 years. ADHD was
three or more times prevalent in the ID group compared to typical development across ages
5, 6, 7, and 8 years, and ADHD tended to be diagnosed earlier and was more stable in the ID
group [42].

Children with ID exhibit a greater risk for developing ADHD, and the disorder may follow a
longer and more persistent course, apart from increasing the risk of developing further
psychiatric problems. These findings highlight the need for making available the interventions
necessary for early treatment of ADHD in children with ID.

One study on the effectiveness of stimulant drug therapy in children diagnosed with ADHD
and ID reported that the symptoms of ADHD could be successfully treated in children with
ADHD and ID [43]. A randomized, controlled, double-blind study of children with severe
ADHD and ID suggested that methylphenidate is effective in reducing the symptoms of
ADHD in these children [44]. Stimulants have a similar effect on improving impulsivity,
hyperactivity, and attention deficit in children with IQ ranging between 45 and 75 compared
to normal children; however, they may exhibit fewer improvements in learning and memory.
Stimulants appear to have a positive effect in preschool children, albeit with more side effects
[45]. Reduced appetite, nausea, and irritability are the most common adverse events reported
in children with developmental disabilities (DD); clinicians should be aware that, as with
stimulants, irritability appears to occur much more commonly in children with DD than in
normally developing children. Initial splitting of the dose, starting below the recommended
dose, and slowly titrating the dose may prevent or ameliorate these side effects [46].

Only one open-label study has investigated the effectiveness of atomoxetine (ATX) in children
with ADHD and ID not accompanied by the autism spectrum disorder (ASD). Atomoxetine
appears to be useful in improving ADHD symptoms in individuals with ID. Larger, random‐
ized, controlled, double-blind studies are required to confirm the efficacy of ATX in children
with ID without ASD [47].

Clinicians must carefully consider the following when treating cases of ID with ADHD. As
patients in this group may have a lower tolerance to side effects, greater care must be taken
during dose titration,  and drugs must  be started at  low doses and gradually increased.
Antipsychotic agents such as risperidone can lead to an improvement in irritability. Many
children with ID may have a micronutrient imbalance that could benefit from an RDA/RDI
multivitamin/mineral  supplement,  especially  if  appetite  has  been  suppressed  by  the
stimulant [48].

5. Depression and anxiety disorder

Prospective studies show that children and adolescents diagnosed with ADHD are also more
frequently diagnosed with major depressive disorder (MDD) compared to control subjects
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[49]. Additionally, ADHD is more common in children with major depressive disorder [50].
Studies that have investigated internalizing problems, such as depression and anxiety in the
subtypes of ADHD, have shown that internalizing problems are more common in the attention
deficit ADHD subtype [51]. CD and ODD seem to appear in early childhood in ADHD, while
the symptoms of depression and anxiety appear later [52].

Several studies have been performed to explain the etiology of comorbid ADHD and depres‐
sion. These studies have shown a genetic overlap between ADHD and depression, and both
disorders involve dopamine reward circuit problems and difficulty in emotional regulation.
A dysfunctional relationship with parents has also been shown to play a role in the etiology
of comorbidities in children with ADHD [51].

Symptoms of depression, such as sleep disorders, difficulty concentrating, and irritability, and
symptoms of anxiety disorders, such as sustained anxiety and failure to concentrate, may be
confused with ADHD and lead to a misdiagnosis. Depression or anxiety accompanying ADHD
make diagnosis difficult and result in greater severity of symptoms [53]. Depression is 2.5 times
more frequently diagnosed during adolescence and early adulthood in girls previously
diagnosed with ADHD, and the onset of depression is earlier and is more protracted. Depres‐
sion leads to greater depression-related loss in functionality, increases disposition to suicide,
and requires more hospitalization [54]. The adverse effect of comorbid ADHD on the prognosis
of depression and the higher incidence of attempted suicide in hyperactive young people make
the identification of comorbid depression and ADHD particularly important. It is also
important not to overlook the depressive disorder comorbidity in children diagnosed with
ADHD as the depressive disorder can increase the severity of attention problems in ADHD
[55]. One study showed that the probability of developing comorbid bipolar affective disorder
or major depression is higher in patients with ADHD than in patients suffering from major
depression alone [56]. One study, intended to determine which children with ADHD subse‐
quently develop depression, showed that ADHD patients with comorbid anxiety and/or
disruptive behavior disorders have a higher probability of developing depression [57].
Measures can be taken to avoid the development of depression in ADHD patients who are
diagnosed with comorbid anxiety and/or disruptive behavior disorders. While the existence
of anxiety in ADHD has an improving effect on DBD, performance anxiety and feelings of
inadequacy are thought to be more prominent [58]. Although anxiety reduces the inhibition
response in anxiety ADHD and impulsivity, it can worsen work memory test performance [59].
A detailed investigation of the psychiatric symptoms in the family will assist physicians with
the diagnosis and treatment of these patients.

Recent familial, genetic, and long-term follow-up studies have demonstrated that ADHD and
major depressive disorder share a common familial risk [60]. Comorbidity of ADHD and
emotional disorders (such as anxiety) determines the severity of the clinical symptoms and
leads to severe social maladaptations.

Since environmental factors make a significant contribution to the development of depression
in individuals with ADHD, overcoming these environmental factors and relational problems
is an important part of treatment. If the depressive symptoms are mild, treatment starts with
assuaging ADHD, and this itself frequently leads to a resolution of the depressive symptoms.
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If no improvement in the depressive symptoms is observed, SSRIs may be added. Appropriate
dosage and gradual titration are important when using SSRIs.

Depression-related nondrug therapies, particularly cognitive behavioral therapy, may be
started along with ADHD drugs in this group. One study on adolescents diagnosed with
depression compared the relative effectiveness of three therapeutic approaches, namely,
fluoxetine, CBT, and combined treatment, with a placebo. Only combined treatment emerged
superior to the placebo in patients with depression alone, but fluoxetine, CBT, and combined
treatment were all better than the placebo in adolescents with ADHD and comorbid MDD [61].

The form of treatment that should be undertaken when these disorders are comorbid with
ADHD is controversial, and the disorder dominating the general picture should be treated
primarily. If there is no doubt regarding the diagnosis of both disorders and the clinical picture
is sufficiently severe to require treatment, then such treatments may be started together.
Despite a scarcity of well-designed treatment studies in youth with ADHD and comorbid
depression, there is increasing preliminary evidence on the role of stimulants, selective
serotonergic reuptake inhibitors, bupropion, and atomoxetine in targeting either or both
disorders. There is also some indirect evidence on the benefits of combining pharmacological
treatments with psychosocial interventions that specifically target relevant environmental
factors and functional impairments [62].

In cases of comorbid ADHD and anxiety disorder, therapeutic priority is determined on the
basis of the severity of both disorders and the extent of their negative impact on life. If the
anxiety is not very severe, then priority must be attached to treating ADHD. In addition, if the
patient is amenable to psychotherapy, then this can also be recommended for improving the
anxiety disorder in parallel with ADHD treatment. If the anxiety disorder symptoms are very
severe, however, SSRIs must be added to the treatment regimen. CBT has been shown to be
effective in both adolescents and adults. In addition, psychosocial therapies should be advised
in patients with anxiety disorder [30].

6. Bipolar affective disorder (BAD)

Comorbidity or merging of ADHD and BAD is not yet fully understood. There are a number
of questions concerning the relationship between these two disorders, such as is there
symptomatic similarity between ADHD and BAD, is one a precursor of the other, are ADHD
and BAD familial subtypes, are there any similarities in terms of comorbidity and course?

The three symptoms sufficient for diagnosing a manic attack in children, namely, distractibil‐
ity, excessive talking, and hyperactivity, are also compatible with a diagnosis of ADHD, and
given these overlapping symptoms, it is possible that BAD may be misdiagnosed as ADHD
or vice versa. The rate of ADHD comorbidity in children diagnosed with BAD ranges from
11% to 98% [63], while BAD comorbidity is lower in individuals with ADHD. This variation
may be because ADHD is more commonly diagnosed in children rather than BAD. The
prevalence of ADHD in children is higher than BAD, and the predictors of bipolarity may not
be completely determined in the presence of comorbid ADHD.
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Biederman et al. [63] conducted a 4-year follow-up study and found that the rate of comorbid
bipolar disorder increased by an additional 12% at the end of the 4 years; 11% of the children
with ADHD had comorbid bipolar disorder at baseline, and these prevalence rates were
significantly higher compared to control groups without ADHD. Furthermore, significantly
higher rates of additional psychopathology, psychiatric hospitalization, and severely impaired
psychosocial functioning were observed in children with ADHD and comorbid BAD, com‐
pared to children with ADHD alone both at baseline and at follow-up assessment. The authors
also suggested that comorbid ADHD and bipolar disorder do not result from overlapping
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factors, potential environmental risk factors for comorbidity have also been investigated [68].
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7. Disruptive mood dysregulation disorder

Researchers regard emotional instability as a core deficit in children diagnosed with ADHD
[70]. Therefore, affective instability in children diagnosed with ADHD does not directly
indicate the presence of a comorbid mood disorder [71]. The National Institute of Mental
Health (NIMH) created a construct for Severe Mood Dysregulation (SMD) to describe such
children who do not meet the criteria for a formal mood disorder. Disruptive mood dysregu‐
lation disorder (DMDD) took its place in DSM V as a modification of SMD.
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ADHD, ODD, and CD are the most common accompanying Axis I diagnoses in children with
DMDD [72]. Children with ADHD and SMD experience greater morbidity than children with
externalizing behavior disorders alone and are in need of specialized treatment to optimize
their functioning [73]. Various behavior modifying therapies and stimulation therapy combi‐
nations have been developed for children with comorbid ADHD and SMD, and they have been
shown to be effective and acceptable. Research has repeatedly shown that subjects with a
diagnosis of SMD exhibited significantly higher levels of functional impairment after a 3-week
therapeutic process compared to those with no such diagnosis [74]. It is also important for the
parents of children with both these disorders to be referred to parenting programs and family
therapy. One study on children with both ADHD and SMD used stimulation therapy at
optimal doses prior to their randomization into two groups. One group received treatment
involving psychosocial measures for 11 weeks, while the other group took part in group
therapy. A significant decrease in suicidal ideation was observed in children receiving group
therapy, and their parents also exhibited a more positive parenting behavior [71].

To date, there are too few studies to establish a specific treatment guideline for SMDD. ADHD,
the prominent problem in comorbid ADHD and SMDD, can be improved with stimulation
therapy. Low-dose antipsychotics can be tried when the basic problems are arousal symptoms
and behavioral difficulties.

8. Alcohol and substance use disorder

Significantly high rates of development of substance use disorder (SUD), involving use of
nicotine, alcohol, marijuana, cocaine, or other drugs, during adolescence have been reported
in individuals diagnosed with childhood ADHD [75]. One 10-year study of patients with
ADHD showed that the probability of these patients developing substance dependence was
twice as high as that of the control group [76]. A study of comorbid psychiatric disorders in
subjects with substance abuse disorder reported that half of the adolescents aged under 15
years met the diagnostic criteria for ADHD [77]. Further, early onset and a more severe
substance use disorder have been correlated with ADHD. One recent meta-analysis found that
childhood ADHD is associated with nicotine use in adolescence and alcohol and drug use
disorder in adulthood [78].

As anxiety, depression, and aggression are frequently seen in children and adolescents with
ADHD, these patients use substances such as nicotine to self-treat symptoms of anxiety and
depression, and nicotine suppresses symptoms of ADHD. Thus, individuals with ADHD use
addictive substances to treat psychiatric comorbidities.

One twin study reported that a substance use disorder did not develop in subjects with ADHD
without CD [79]. In children diagnosed with ADHD, the group with comorbid CD and/or BAD
was at highest risk of developing a substance use disorder [80]. This marked association
between ADHD and substance use disorder shows the importance of diagnosing and treating
childhood ADHD to avoid the later development of a severe substance use disorder.
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In light of the high comorbidity between ADHD and substance use disorder, it is possible that
there are common underlying neurological factors, and ADHD and substance problems also
have several common causes.

Variations in dopamine genes that affect attention, arousal, and reinforcement sensitivity are
possible common risk factors for the development of ADHD and substance use disorder [81],
and altered dopamine (DA) neurotransmission is central to current models of how ADHD and
substance abuse disorder develop [82].

As substance abuse itself leads to changes in the brain, it is impossible to determine if indi‐
viduals with a substance use disorder also exhibit characteristics similar to ADHD or not.
However, the changes occurring in the brain due to a substance use disorder are thought to
make these individuals more inclined to engage in impulsive behavior, similar to individuals
with ADHD but before the onset of the disorder and before the substance abuse. A recent
review of neuroimaging studies in humans with ADHD and SUD found repeated evidence of
a blunted striatal DA release and a disruption in neural circuitry between the anterior cingulate
cortex, the striatum, and the prefrontal cortex. ADHD and SUD-related craving share some
neurobiological similarities, which may be because patients with an addiction show increased
craving if they also suffer from ADHD [83].

Recent studies have shown that effectively treating ADHD symptoms may be protective in
patients with a substance use disorder. The claim that treating ADHD symptoms with
stimulants increases the risk for future substance abuse has not been verified, and in fact, the
opposite effect is typically seen in medication-treated individuals. Children treated with
stimulants appear to have a significantly lower risk of developing a substance use disorder
than those who were not pharmacologically treated.

This finding suggests that ADHD does in fact contribute to the development and maintenance
of substance use problems, as the successful treatment of ADHD symptoms results in a
reduction of the substance use problem [84].

9. Developmental coordination disorder

Several studies show a high correlation between ADHD and developmental coordination
disorder (DCD). ADHD-DCD comorbidity can be as high as 50% in children [85]. In a study
of 477 cases of ADHD, Blondis et al. [86] have reported the presence of a comorbid develop‐
mental coordination disorder in at least 33% of the subjects.

Maladroitness in children with ADHD frequently decreases with age, and the children may
successfully engage in sporting activities. However, this does not occur in the presence of a
comorbid developmental coordination disorder, and it generally persists along with the
inattention [86]. Clinical research has shown that maladroitness, clumsiness, and ponderous‐
ness seriously affect a child in numerous areas, and that these children find it difficult to
perform certain activities at the same speed as their peers in school.
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The possible treatment consists of psychological and educational support. Tervo et al. [87]
compared the response to methylphenidate in subjects with developmental coordination
disorder and ADHD and ADHD alone. They reported that the response to the drug was similar
in both the groups and that the stimulant was also effective in treating ADHD.

There are two hypotheses concerning the decrease in symptoms following treatment with
methylphenidate. The first is that methylphenidate increases attention, and that increased
attention leads to an improvement in motor deficits, while the second is that drug therapy has
distinct effects on attention and motor skills.

The proportion of children with ADHD who could improve their motor skills to the normal
range upon medication varies from 28% to 67% among reported studies. While the symptoms
of patients with a mild motor deficit before treatment improve to normal levels with therapy,
in patients with a more severe motor deficit before treatment, the symptoms only decrease in
severity and they may still continue to meet the diagnostic criteria for DCD.

It is important to assess motor skills among children with ADHD because of the risk of their
reduced participation in daily activities that require motor coordination and attention [88].

10. Enuresis and encopresis

ADHD and incontinence are common diseases in childhood, are commonly seen together, and
also affect one another. Nocturnal enuresis (NE) is seen in 10% of children aged 7 years,
daytime urinary incontinence (DUI) in 2-3% and fecal incontinence (FI), or encopresis in 1-3%.
Baeyens et al. [89] have investigated the prevalence of ADHD in 120 children with primary
enuresis using parent and teacher questionnaires and diagnostic interviews. Their results
indicate that 15% of the children met the criteria for ADHD, and a further 22.5% of them met
the criteria for the ADHD inattentive type. A 2-year follow-up study of the same cohort
indicated that 73% of those initially diagnosed with ADHD had the diagnosis reconfirmed at
follow-up [90]. The authors also noted that the probability of a child with ADHD still having
episodes of nocturnal enuresis at 2-year follow-up were 3.2 times higher than that for a child
who did not have comorbid ADHD.

There are several hypotheses to explain the comorbidity of ADHD and NE. There is evidence
that genetic factors occupy an important place in the etiology of ADHD and NE, as the
heritability of NE and ADHD as individual disorders is high. However, the only formal
molecular genetics study on both the disorders indicates that NE and ADHD are genetically
independent, separate entities that do not share a common genetic basis.

Neuroimaging studies have established a great overlap in brain structures involved in ADHD
and NE (and to a lesser extent in DUI and FI); however, a possible interaction between
functional brain activity in combined incontinence and ADHD has not yet been studied. It is
therefore unclear why and how ADHD and incontinence together affect central nervous
system (CNS) functioning. From the few studies on ADHD and NE, it can be speculated that
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complex neural networks, including cortical, subcortical, and brainstem regions, will most
likely be responsible for the clinically evident interaction effects [91].

Incontinence must be investigated in children with ADHD, and ADHD must be investigated
in children with incontinence. The management of enuresis includes supportive approaches
such as educating parents about enuresis, reducing fluids, keeping a dry bed chart, and
awakening the child to void during the night, conditioning with a urine alarm, or medications
such as imipramine or desmopressin acetate [92]. Treatment must be adapted to include both
supportive approaches and pharmacotherapy in patients with ADHD and incontinence.

One double-blind, placebo-controlled study investigating the effectiveness of atomoxetine in
children with NE reported a significant decrease in symptoms. Atomoxetine, a highly specific
inhibitor of the presynaptic norepinephrine transporter, increases the effects of norepinephrine
in many brain areas. Atomoxetine-mediated decrease in symptoms of NE supports the
hypothesis that these drugs, with their noradrenergic effect, may be beneficial in the treatment
of this disease [93]. NE and ADHD may improve with both methylphenidate and atomoxetine.
Many hypotheses have been proposed—involving central neurochemical dysfunctions
(dopaminergic and noradrenergic), anticholinergic, and reduced sleep arousal effects of these
drugs—to account for the effects of these medications in the treatment of enuresis and ADHD
[94, 95].

Studies aimed at understanding the relationship between ADHD and elimination disorders
may identify common, underlying neurological alterations that may lead to a more effective
treatment for both the disorders [96].

11. Tic disorders

Tic disorders are quite rare in the general population but are common in the population with
ADHD. Tic comorbidity in patients with ADHD ranges between 8% and 10% [97, 98], and
ADHD is the most common accompanying disorder in tic patients [99].

Tic disorders have little effect on the psychosocial functioning of subjects with ADHD [100].
There is no definitive evidence regarding the course of ADHD being affected by the tic
disorder. However, accompanying obsessive-compulsive symptoms have been reported in a
significant proportion of individuals with ADHD and comorbid tic disorders. Tics, OCD, and
ADHD are related in a number of complex ways and have common demographic and
psychopathological risk factors [101].

Greater psychopathology and social and academic impairment have been reported when
ADHD is comorbid with Tourette’s disease [102]. Earlier age at onset, greater difficulty of anger
control, sleep problems, ODD, mood disorders, deficient social skills, inappropriate sexual
behavior, and self-harming behaviors are seen when Tourette’s syndrome is comorbid with
ADHD [103].

The pathophysiology of ADHD and the tic disorder is unclear, although their comorbidity
suggests that they have similar mechanisms or at least that they are compatible to varying
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degrees [104]. These two disorders share a number of genetic, neuronal, and cognitive risk
factors, and several dopamine and serotonin genes have been studied as potential risk factors.
Genes and environmental risk factors are also thought to cause both disorders. Abnormalities
in the same anatomical cycle, such as cortical thinning, frontal system abnormalities, and basal
ganglia abnormalities, have been shown in children with Tourette’s and ADHD [105].

A comprehensive treatment program for Tourette’s syndrome and comorbid ADHD should
include measures other than medication such as cognitive-behavioral, psychoeducational, and
psychosocial interventions.

Three classes of drugs are currently used in the treatment of Tourette’s syndrome and
comorbid ADHD: α-agonists (clonidine and guanfacine), stimulants (amphetamine enantiom‐
ers, methylphenidate enantiomers or slow release preparations), and selective norepinephrine
reuptake inhibitors (atomoxetine). It has been recently suggested that in a few selected cases
partial dopamine agonists (aripiprazole) could be useful, and there is evidence supporting the
use of noradrenergic agents (clonidine). Reuptake inhibitors (atomoxetine) and stimulants
(methylphenidate) could also be used for the treatment of Tourette’s syndrome and comorbid
ADHD [106]. Although the evidence is insufficient, there are studies that suggest using
aripiprazole in children with mild ADHD [107].

12. Conclusion

ADHD is associated with several comorbid psychiatric diseases and conditions, and these
comorbid conditions may cause a worsening of the symptoms of ADHD. Greater loss of
functionality is observed in patients with a comorbid condition. It is important to diagnose
and treat these comorbid conditions to effectively treat ADHD.
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Abstract

Symptoms of inattention and hyperactivity, features of attention-deficit/hyperactivity
disorder (ADHD), have been frequently documented in children with autism spec‐
trum disorders (ASDs) and often co-occur. Evidence indicates that 20-50% of children
with ADHD meet criteria for ASD, and 30-80% of ASD children meet criteria for
ADHD.

According to the DSM-IV, the essential features of Autistic Disorder (AD) are “the
presence of markedly abnormal or impaired development in social interaction and
communication and a markedly restricted repertoire of activity and interests”. Differ‐
ential diagnosis of “Pervasive Developmental Disorder” (PDD: Autistic Disorder, Re‐
tt's Disorder, Childhood Disintegrative Disorder, Asperger's Disorder) and “Pervasive
Developmental Disorder-Not Otherwise Specified”(PDD-NOS) is often difficult in the
preschool child. This is particularly true when assessing verbal and nonverbal com‐
munication since both expressive and cognitive language are not yet established and
there are many differences in their acquisition period among these children (before
the age of three). As a result, many of these children are diagnosed with PDD-NOS
not meeting the criteria for a specific type of PDD; this category includes "atypical au‐
tism" presentations that do not meet the criteria for AD. As a result, the concept of
PDD-NOS has become a mixed bag. Often, diagnosis cannot be established before age
three, delaying therapeutic interventions. Moreover, differential diagnosis between
ADHD and PDD-NOS can be especially difficult, mainly in infant and young chil‐
dren. However, and following the recommendations of the DSM- IV, the ASDs diag‐
nosis has been included among the exclusion criteria for the ADHD. Such exclusion
has generated considerable controversy regarding the necessity and benefits of main‐
taining these separations.

At present, a new edition of the DSM has been published: DSM-5® (Fifth Edition,
2013). Among the advantages that this new manual provides are: i) further categoriza‐
tion of the persons affected and ii) the possibility of diagnosis before the age of three.
The DSM-5 takes into account that limitations in language are not specific to autism.
The new diagnostic category “Social Communication Disorder” appears separate
from ASD, which does not seek to create a new subcategory.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



In light of the new DSM-V criteria which allow a dual diagnosis of ASD and ADHD
behaviors, in this chapter we will review the clinical overlap of these two conditions,
particularly regarding their comorbidities in community pre-schoolers (generally
categorized as PDD-NOS). We will also look into possible future research directions
necessary to enhance our understanding of the etiology/genetics factors as well as the
appropriate sequence of therapeutic interventions and pharmacological treatment
(psychostimulant and nonstimulant medications) for the co-occurrence of these disor‐
ders.

Keywords: Autism, Attention-deficit/ hyperactivity disorder, co-ocurrece, comorbidi‐
ties, pre-schoolers, dual diagnosis, therapy, research

1. Introduction

Symptoms of inattention and hyperactivity are features of attention-deficit/hyperactivity
disorder (ADHD) that have been frequently documented in children with autism spectrum
disorders (ASDs). Evidence indicates that 20–50% of children with ADHD fulfilled the criteria
for ASD, particularly at preschool age, and 30–80% of ASD patients fulfilled the criteria for
ADHD [1]. A shared genetic susceptibility has been suggested for both neurodevelopmental
disorders [2].

According to the DSM-IV-TR [3], the essential features of autistic disorder (AD) are “the
presence of markedly abnormal or impaired development in social interaction and commu‐
nication and a markedly restricted repertoire of activity and interests”. Differential diagnosis
of pervasive developmental disorder (PDD: autistic disorder, Asperger disorder, childhood
disintegrative disorder, Rett disorder) and pervasive developmental disorder-not otherwise
specified (PDD-NOS) can often be difficult in preschool children. This is particularly true when
assessing verbal and nonverbal communication, since both expressive and cognitive language
are not yet established and there are many differences in their acquisition period among these
children (before the age of three). As a result, many of these children are diagnosed with PDD-
NOS not meeting the criteria for a specific type of PDD. This category includes atypical autism
presentations not fulfilling the criteria for AD. As a result, the concept of PDD-NOS has become
a mixed bag; overuse of PDD-NOS has led to confusion in the diagnosis and contributed to
the autism “epidemic”. Often, diagnosis cannot be established before age three, delaying
therapeutic interventions. Moreover, differential diagnosis between ADHD and PDD-NOS
can be especially difficult, mainly in infants and young children. However, following the
recommendations of the DSM-IV, the ASD diagnosis has been included among the exclusion
criteria for ADHD. Such exclusion has generated considerable controversy regarding the
necessity and benefits of maintaining these separations. (For the conceptual history of modern-
day ADHD and ASD, see Table 1).

At present, a new edition of the DSM (Diagnostic and Statistical Manual of Mental Disorders
from the American Psychiatric Association) has been published: the DSM-5® (APA. Fifth
Edition, 2013) [4]. The DSM-5 is principally intended as a handbook for clinical staff, making
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reviews accesible for daily practice. Disorders have been classified with associated criteria
to improve the accurate diagnosis of these syndromes. It should be noted that among the
major changes in childhood disorders contained in the new edition are the following [5, 6]
(see Table 2).

DSM ASD ADHD

DSM-I
(1952) &
DSM-II
(1968)

No terminology for Pervasive Developmental
Disorder or Autism.
Closest denomination: Schizophrenic Reaction
(Childhood category)

No term for attention deficit
Minimal brain dysfunction
Hyperactive Child Syndrome
Hyperkinetic reaction of children

DSM-III
(1980)

Pervasive Developmental Disorders (PDD):
Atypical Autism, Infantile Autism, Childhood
Onset PDD

ADD: Attention Deficit Disorder

DSM-III-R
(1987)

Pervasive Developmental Disorders (PDD):
Autistic Disorder, PDD-NOS

ADHD: Attention Deficit Hyperactivity Disorder

DSM-IV
(1994)

Pervasive Developmental Disorders (PDD):
Asperger disorder, Rett syndrome,
Childhood Disintegrative Disorder,
Autistic Disorder, PDD-NOS

ADHD: Attention Deficit Hyperactivity Disorder
Identifies three ADHD subtypes:
Predominantly Hyperactive-Impulsive type,
Predominantly Inattentive type,
Combined type

DSM-IV-TR
(2000)

Diagnoses are the same,
text amendment for PDD-NOS

Same diagnoses

DSM 5
(May 2013)

ASD is a new single condition with different
levels of symptom severity.
New diagnostic category:
Social Communication Disorder

Presentation specifiers that map directly to the prior
subtypes.
Different levels of symptom severity

Table 1. Nosology Evolution and DSM History

DSM-5 vs. DSM IV ADHD ASD

CHANGES ADHD does not fade at a specific age.
The definition ADHD has been updated
in DSM-5 to characterize more precisely
the experience of affected adults.

One of the main changes in DSM-5 concerns
ASD. The present revision of diagnosis
constitutes a new, more accurate, and
scientifically and medically useful way to
diagnose subjects with autistic disorders.

CORE DOMAINS The criteria have not changed from
DSM-IV. Symptoms remain classified
into two categories: inattention and
hyperactivity/ impulsivity (including
behaviors such as excessive talking,

According to DSM-IV, subjects were
diagnosed with four separate conditions:
Childhood disintegrative disorder
Asperger disorder
Autistic disorder
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DSM-5 vs. DSM IV ADHD ASD

impaired organization skills, failing to
pay close attention to details, wriggling,
or inability to sit still and remain seated)
In DSM-5 subtypes have been
substituted with presentation specifiers
that relate directly to the prior subtypes.

Pervasive developmental disorder not
otherwise specified
Using DSM 5 the different groups
disappear. ASD is a new DSM-5 term
reflecting the scientific consensus that the
previously four separate conditions are
actually one disorder, with several degrees
of symptom severity within two core areas:
1) Deficits in social interaction and social
communication
2) Restricted repetitive behaviors, activities
and interests (RRBs) (*)

SYMPTOMS DSM-5 uses the same 18 symptoms
employed in DSM-IV and persist the
classification into two symptom domains
(hyperactivity/impulsivity and
inattention).
Children have to present with at least six
symptoms from either (or both) the
hyperactivity or impulsivity group of
criteria and inattention criteria, whereas
adolescents and adults (over 17 years of
age) must have five.

ASD patients often present communication
impairments that include incorrect
interpretation of nonverbal interactions,
inappropriate responses in conversation, or
inability to build age-appropriate
friendships. Besides, people with ASD tend
to be highly dependent on routines,
hypersensitive to environmental change, or
focus intensely on inappropriate items.
ASD symptoms seem to fall on a continuum
ranging from mild to much more severe.

AGE OF ONSET According to DSM-5, a number of the
subject’s ADHD symptoms have to
appear before 12 years of age, whereas
when using DSM-IV the age of onset was
7 years old.

According to the new DSM-5 criteria, ASD
diagnosis requires the early presence of
symptoms during childhood, even if such
symptoms cannot be detected until a more
advanced age.
The present modification in the criteria
promotes earlier diagnosis of ASD but also
permits including subjects whose symptoms
are not completely identified until social
tasks surpass their capabilities.
It is a relevant improvement from the DSM-
IV criteria, which was focused on
diagnosing school-age children with autism-
related disorders. However, it still falls
short to identify ASD in younger children.

EXCLUSION CRITERIA ADHD symptoms can not appear only
during the course of schizophrenia or
another psychotic disorder and should

DSM-5 does not include exclusion criteria
for subjects with ASD, because symptoms of
ASD and ADHD tend to co-occur.
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DSM-5 vs. DSM IV ADHD ASD

not be better explained by another
psychiatric condition.

(*) Since both domains are required for ASD
diagnosis, “social communication disorder”
is diagnosed when no RRBs appear.

Table 2. Highlights of Changes of ADHA/ASD from DSM-IV-TR to DSM-5

• The chapter that includes “Diagnoses usually first made in infancy, childhood, or adoles‐
cence” in DSM-IV has been deleted and substituted in Section II (Diagnostic criteria and
codes) of DSM-5 by the referred “neurodevelopmental disorders”.

• Both ADHD and ASD are now classified together as neurodevelopmental disorders, which
also includes some former DSM-IV “disorders first diagnosed in infancy, childhood, or
adolescence” appearing across DSM-5.

• DSM-5 replaces the term “mental retardation” with intellectual disability, and the term
intellectual developmental disorder appears between brackets to refer to the classification
system of the World Health Organization.

• The DSM-5 communication disorders include a new condition: social (pragmatic) commu‐
nication disorder.

• ASD is a new term in DSM-5 reflecting the scientific consensus that Asperger disorder, AD/
autism, PDD-NOS, and childhood disintegrative disorder (formerly considered separate
disorders) are actually all the same entity.

• Criteria for diagnosis of ADHD in the new edition are similar to those in DSM-IV. However,
several subtle, but very important changes have been made in the DSM-5. Among the most
notable are that diagnostic criteria now allow a comorbid diagnosis of ADHD with ASD.
DSM-IV required “clear evidence of clinically significant impairment in social, academic, or
occupational functioning”; this has been changed in DSM-5 to: “There is clear evidence that
the symptoms interfere with, or reduce, the quality of social, academic, or occupational
functioning.” In addition, ADHD is now included in the neurodevelopmental disorders
chapter of the text, rather than being grouped with the disruptive behavior disorders as it
was previously.

Among the advantages that this new manual provides are: 1) further categorization of the
persons affected and 2) the possibility of diagnosis before the age of three. DSM-5 takes into
account that limitations in language are not specific to autism. The new diagnostic category,
“social communication disorder”, appears separate from ASD, which does not seek to create
a new subcategory.

Keeping in mind the new criteria from DSM-5 that allow a dual diagnosis of ASD and ADHD
behaviors, in this chapter we will review the clinical overlap of these two conditions, partic‐
ularly regarding their comorbidities in early preschoolers (before the age of three, generally
categorized as PDD-NOS). We will also look into possible new research perspectives to gain
futher insights into the etiology/genetic factors, as well as the appropriate sequence of
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therapeutic interventions and pharmacological treatment (psychostimulant and non-stimu‐
lant medications) for the co-occurrence of these disorders.

2. Differential diagnosis of neurodevelopmental disorders

Neurodevelopmental disorders (NDDs) are impairments in the growth, development, and
function of the brain that affect emotion, learning ability, and memory, and that unfold as the
individual grows. This disorder is highlighted by characteristic deficiencies: cognitive
impairment, delays in maturationally-influenced psychological features, overlap among
NDDs, and genetic predisposition,

In DSM-IV, the chapter that includes “Diagnoses usually first made in infancy, childhood, or
adolescence” has been deleted and substituted in DSM-5 by the referred “Neurodevelopmen‐
tal Disorders” [4, pp. 229-272], which includes six categories:

• Specific Learning Disorder

• Communication Disorders

• Intellectual Disability (Intellectual Developmental Disorder)

• Autism Spectrum Disorder

• Motor Disorders

• Attention-Deficit/Hyperactivity Disorder

The recognition of the prevalence of comorbidities in NDD, particularly during the preschool
years, is important in order to obtain a more complete and comprehensive vision of the range
of abilities and deficits of a child without being limited by the possibilities of exclusion obsolete
diagnostic criteria of DSM-IV. Especially since these conditions often overlap, an accurate
differential diagnosis is needed to provide appropriate services. Where once our diagnostic
manual (DSM-IV-TR) prevented comorbid diagnoses of disorders such as autism and ADHD,
this exclusion is no longer present in DSM-5. This is the recognition that although symptoms
can overlap, a child with autism and ADHD is clearly different from a child with autism alone
and therefore, may require different intervention services [1, 5, 6].

In these early ages, neurodevelopment must be taken into account in all situations that may
involve both learning difficulties and communication. In this way, NDDs in early childhood,
as we highlight in their differential diagnosis, mainly include: intellectual disability, commu‐
nication disorders, ASD, and ADHD.

2.1. Intellectual disabilities

The DSM-5 subclass includes:

• Intellectual Disability (Intellectual Developmental Disorder)
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• Unspecified Intellectual Disability (Intellectual Developmental Disorder)

• Global Developmental Delay

“The choice of which category to use is determined in large part by the strength or clarity of
the evidence that criteria are met” [4, pp 229].

• Intellectual Disability (ID, Intellectual Developmental Disorder) 319

DSM-5 introduces changes in name and criteria for intellectual disability, including a shift
away from primary reliance on IQ scores:

Name. “Mental retardation” is replaced by intellectual disability. ID includes both intellectual
and adaptive functioning deficits. The onset of this disorder takes place during development.
Three domains are employed to assess severity: practical, conceptual, and social life skills.

Elimination of IQ-based Subtypes. In DSM-IV, intellectual function is standardly evaluated
using culturally appropriate, comprehensive, psychometrically valid, and sound tests of
intelligence that are individually administered (Mild = IQ 55–70; Moderate = IQ 40–55; Severe
= IQ 25–40; Profound = IQ < 25). DSM-5 does not list mild, moderate, severe, and profound
subtypes; but mild, moderate, and severe severity levels. Severity codes indicate the vision of
the diagnosing clinician regarding the severity of adaptive functioning. IQ test scores are
conceptual functioning approximations that may not be instrumental to evaluate the perform‐
nace of practical tasks reasoning in real-life situations. However, according to the new DSM-5,
a subject with severe social impairment (enough to be placed under the moderate category,
for example) can be placed in the mild category due to the fact that they present an IQ reaching
80–85. DSM-5 puts less stress on the level of impairment (i.e., IQ scores) and more on the size
and type of the intervention that has to be applied.

• Mild intellectual disability: This group includes roughly 85% of the individuals with ID,
and it is more or less equivalent to the educational category previously refered to as
"educable", namely individuals within this group have the capacity to achieve some
academic success.

• Children with this ID usually develop communication and social skills during the preschool
period (0–5 years of age) and frequently cannot be distinguished from children without ID
deficits until they are older. Therefore, initially learning problems can be attributed to
deficits in attention, especially if also present with hyperactivity.

• When they reach their late teens, they usually meet elementary academic levels (up to grade
six, approximately) or beyond if they count with enough support. Often, they manage to
live independent lives in the context of their communities receiving minimal additional
support, such as assistance with life decisions. For other skills such as nutrition, transpor‐
tation, shopping, and finances, additional reminders, instructions, and time may be
necessary

• Moderate, Severe and Profound intellectual disability: Usually, there will be no confu‐
sion in the differential diagnosis with ADHD, but comorbidity with ASD may exist.
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Therefore, diagnosis of ASD now requires reference to intellectual ability: “ASD with or
without accompanying intellectual impairment”.

• Global Developmental Delay 315.8 (F 88)

“This diagnosis is reserved for individuals < 5 years old, when clinical severity cannot be
reliably assessed during early childhood” [4, p 230]. Criteria:

• failure to meet developmental milestones

• unable to be assessed using standardized tests

• re-assessment is required

• Unspecified Intellectual Disability (Intellectual Developmental Disorder) 319 (F79)

“This diagnosis is reserved for individuals > 5 years old, when assessment of the degree of ID
by means of locally available procedures is rendered difficult or impossible because of
associated sensory or physical impairments” [4, pp 231].

2.2. Communication disorders

Communication disorders in DSM-5 include novel and updated syndromes:

• Language disorder, which is a combination of DSM-IV mixed receptive-expressive, and
expressive language disorders.

• Speech sound disorder replaces what was known as phonological disorder.

• Childhood-onset fluency disorder replaces the term stuttering.

• Social (pragmatic) communication disorder (SCD) is a newly coined pathology consisting
of constant difficulties in the social uses of nonverbal and verbal communication (ASD must
be ruled out).

We only make reference in this chapter to the new category, SCD.

• Social (pragmatic) Communication Disorder (SCD) 315.39 (F80.89).

SCD is a pragmatic disability, whose diagnosis is based on deterioration in the social usage of
verbal and nonverbal communication in the child´s natural environment, which influences the
development of discourse comprehension and social relationships and cannot be explained by
poor skills in the areas of grammar, word structure, or overall cognitive capacity. Symptoms
include problems with inappropriate responses in conversation, as well as difficulty in the
acquisition and use of spoken and written language. Since the symptoms described in SCD
were not defined in previous editions of DSM, many individuals with these symptoms may
have been classified under the not otherwise specified category of pervasive development
disorder [for review see 7].

Social communication can be defined as "the synergistic emergence of social interaction, social
cognition, pragmatics (verbal and nonverbal), and receptive and expressive language proc‐
essing" [8]. Pragmatics [in 9] is defined as “the range of communicative functions (reason for
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talking), the frequency of communication, discourse skills (turn taking, topic maintenance and
change), and flexibility to modify speech for different listeners and social situations”. Rapin
and Allen [10] coined the term “semantic-pragmatic deficit syndrome” to describe children
who are notably loquacious, exhibit problems finding words, and have difficulty conversing,
including maintaining the thread of discourse. Correspondingly, Bishop and Rosenbloom [11]
began using the term semantic-pragmatic disorder to characterize children with difficulties to
understand and follow conversation rules and could use unusual language or choice of words
in their speech. However, it has been proposed that semantic deficits may not always co-occur
with pragmatic deficits. Thus, the term “pragmatic language impairment” was coined to define
subjects with deficits in pragmatics (though not necessarily semantics) [12].

Social communication disorders may correspond to a different diagnosis or may take place
associated to other conditions. Pragmatic language impairment has been described in a variety
of neurological diseases such as epilepsy [13], children with behavioral problems [14,15], and
also in psychiatric and NDDs, including, among others, language learning disabilities,
intellectual disabilities, ASD [16], and ADHD [17]. Children with pragmatic language impair‐
ment may be placed within a continuum between individuals with specific language impair‐
ment and those with the social communication deficits of ASD [16]. With respect to ADHD, it
has been suggested that the primary symptoms of the disorder (e.g., hyperactivity, impul‐
siveness, inattention) may also impair their social communication skills, which, in turn, may
cause further limitations in academic achievement, communication, and social participation
[18, 19]. The standardized measures available for Test of Pragmatic Language are usually
performed in children over 3 years old. A preschool version (birth to 4 years old) [20] provides
exclusively descriptive information that can be employed to recognize weaknesses and
strengths and to establish treatment aims.

In SCD, the reduced social communication capabilities are the cause of functional limitations
in academic achievement, effective communication, occupational performance, or social
participation, alone or in any combination of the aforementioned characteristics.

Symptoms have to appear in the early ages even if they are not identifed until they are older
when communication, language, or speech demands are beyond their capabilities. It should
not be assigned to the ASD section because it corresponds to a type of patient showing related,
but distinguishable symptoms (see [3]).

Advantages:

• Including SCD in DSM-5 may drive further research into social (pragmatic) communication
disorders using the operationalized diagnostic criteria, and thus aid in reaching a better
understanding and documentation of the fundamental features and validity of SCD.

• Will help individuals with these symptoms access suitable treatment adapted to their
impairment.

• Field trials from DSM-5 provided evidence of SCD, indicating that the lower ASD diagnoses
in DSM-IV could be explained by a shift to the SCD diagnostic category [21].
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• It is likely that individuals with social communication and/or pragmatic language disability
were diagnosed as DSM-IV PDD-NOS.

Drawbacks:

• The scarcity of longitudinal research reduces our chances to extrapolate from previous
literature to SCD.

• The standardized measures available for Test of Pragmatic Language are usually performed
in children over 3 years, and a preschool version for children from birth to 4 years old.

• The steps to follow would be to confirm the efficacy of the criteria for SCD, as well as
assessing the impact of cultural and socio-demographic factors on its appearance.

2.3. Autism spectrum disorder (ASD) 299.00 (f84.0)

Autism, a debilitating neurological handicap in children, is a highly heterogeneous set of
disorders  with  wide  variations  in  symptom  severity,  intellectual  level,  and  functional
disability.  It  is  a  multifactorial  disorder  implicating a  wide range of  environmental  risk
factors  and  genetic  predispositions.  No  definitive  biological  markers  are  available  for
autism, therefore, in most cases, diagnosis is based on a variety of behavioral signs. Since
autistic patients may present with very diverse symptoms and features, autism is thought
of as a spectrum disorder [22].

The ASD diagnosis is of great concern to the practicing pediatrician because its frequency has
been increasing for decades, with a surprising 556% rise in pediatric prevalence reported
between 1991 and 1997 (higher than that of Down syndrome, cancer, or spina bifida). Re‐
searchers cannot agree on whether the trend is a result of increased awareness, improved
detection, and changing diagnostic criteria with expanding definition, or of new environmen‐
tal influences [23, 24].

In multiple communities in the United States [CDC surveillance data 2010, see 25], the overall
prevalence of ASD was 14.7 per 1,000 (one in 68) 8-year-old children. Overall, prevalence
estimations for ASD ranged across locations from 5.7 to 21.9 per 1,000 8-year-old children.
Consistent with previous reports, there was significant variety in ASD prevalence according
to gender, geographic region, racial/ethnic group, and intellectual ability. It is unclear in this
study to what degree the variation in prevalence might be due to diagnostic methods, lack of
recognition of ASD symptoms in certain ethnic/racial groups, socioeconomic disparities in
access to therapeutic and community services, and regional differences in clinical or school-
based practices.

The relevance of accurate diagnosis of autism has become greater than ever, particularly in
view of the increasing prevalence [26], elevated costs for both family and society [27], and
accepted importance of early identification and intervention in individuals with autism. The
classification systems used strongly affect prevalence studies, and it is important to consider
the changes that have occurred at this level when analyzing the possible causes of the increase
in pervasive developmental disorders [28].
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• Classically in DSM-IV, Pervasive developmental disorders (PDD) encompass a hetero‐
geneous group of children typified by severe and pervasive impairment in a number of
developmental areas: 1) communication skills, 2) reciprocal social interaction skills, and
3) the presence of stereotyped activities, behavior, and interests. The qualitative discapac‐
ities  described  for  these  conditions  vary  considerably  according  to  mental  age  or
developmental level of each child. The specific pathologies included five subtypes in this
section:  autistic  disorder  (AD),  Asperger  disorder,  childhood  disintegrative  disorder
(CDD), Rett disorder (RD), and pervasive developmental disorder-not otherwise specified
(PDD-NOS). These conditions normally become apparent in the early postnatal years and
are frequently associated with certain level of mental retardation (now called intellectu‐
al disability).

DSM-IV is not the “Gold Standard”. Among the concerns that have arisen on the application
of DSM-IV that stand out [29–31] are:

• Validity of the PDD category. Symptoms are not pervasive. They are specific (selective or
greater) impairment in social interaction plus restricted, repetitive behaviors/fixated
interests.

• Validity of certain diagnoses (e.g., childhood disintegrative disorder category)

• Consistency in diagnosing (e.g., high-functioning autistic disorder vs. Asperger).

• Current diagnostic guidelines may not fulfill all needs from community evaluators [32].

• The usage of some diagnoses may not be completely appropriate (e.g., PDD-NOS as mild
NDD, Asperger as “odd” behaviors)

Recommendations from the Autism and Developmental Disabilities Monitoring (ADDM)
Network include improving strategies that meet the needs for 1) amply accepted standardized,
methods for documenting both ASD diagnosis functional limitations and the severity of ASD;
2) improved documentation and recognition of ASD symptoms, concretely among both boys
and girls, children from all racial/ethnic backgrounds, and children with no intellectual
disability; 3) reducing the age of first evaluation for and diagnosis of ASD, including the age
at which children are enrolled in community-based support systems [25].

• The new DSM-5: Changes in the diagnosis of autism (see [4])

These changes arise to unify and standardize the criteria to better define ASD, to increase
validity and appropriateness of the use of diagnoses, and to obtain an earlier diagnosis [33–35].

1. There is a single category of ASD instead of five subtypes (Figure 1). The term PDD has
been deleted. Scientific evidence and clinical practice indicate that the single spectrum is
a better reflection of the symptom picture, time course, and response to therapy. While it
is reliable and valid to distinguish ASD from typical development, differentiating between
conditions within the spectrum is not. Thus, Asperger and PDD-NOS are used inter‐
changeably, as it also happens with high-functioning autism (HFA) and Asperger [29].
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Figure 1. From PDD to ASD.

• Deletion of Asperger disorder: Still, to date, there is little clinical or research evidence that
Asperger disorder is qualitatively distinct from other autism diagnoses at the symptom
level, or that the new criteria will under-identify high-functioning ASD [36]. This situation
has led to difficulties in deciding whether to use the terms “HFA” or “Asperger” for
diagnosis. Diagnostic biases are apparent, with rich, white males receiving Asperger dx,
while poorer, non-Caucasian populations receive PDD-NOS diagnosis (See site differences
in CDC surveillance data [25]).

• Elimination of childhood disintegrative disorder (CDD): New data show that developmen‐
tal regression in ASD is a continuous variable, encompassing a wide range in the timing and
types of skills lost, as well as in the developmental milestones that were accomplished before
regression. Since CDD is a rare diagnosis, systematic evaluation is difficult; however, review
of accumulated literature indicates that CDD differs notably from other ASDs, including in
the abruptness and severity of the deterioration, as well as co-occurrence with physical
symptoms such as loss of bladder and bowel control. Thus, CDD diagnosis requires
searching for the neurological impairments associated with it.

• PDD-NOS: This subset should be employed when there is severe and widespread impair‐
ment of reciprocal social interaction in the presence of disability in either verbal or nonverbal
communication skills, or associated with stereotyped behavior, activities, and interests
without meeting the criteria for a specific PDD. The distinctions among the disorders have
been inconsistent and often based on variables other than the criteria for the diagnosis. For
example, this category includes “atypical autism” (presentations that do not meet the criteria
for autistic disorder because of late age of onset, atypical symptomatology, or subthreshold
symptomatology). These changes were necessary taking into account: 1) Overuse of PDD-
NOS leads to diagnostic confusion (and may have contributed to the autism “epidemic”);
2) Overlap of PDD-NOS and Asperger disorder.

• At present, ASD is defined by “specific sets of behaviors, not etiologies”, therefore, inclusion
of Rett disorder is atypical. Patients with Rett disorder can be diagnosed as having ASD but
the specifier “ASD associated with a known medical or genetic condition or environmental
factor” should be used to indicate that ASD are related to Rett.

2. The three domains are combined into two.

Nowadays, ASD is considered an NDD diagnosed according to a shared group of behaviors
and is best defined as a new single condition/diagnostic category showing diversity in the
severity of its symptoms that can be assigned to two core domains (Figure 2):
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Figure 2. ASD: The three domains are combined into two.

a. Social interaction and social communication deficits. The rationale is that deficits in
communication and social behaviors are inseparable. The social communication domain
results from combining the principal symptoms from the DSM-IV social and communi‐
cation domains. By doing this, language skills not employed in the context of social
communication reduce the relevance.

b. The second major criterion remains restricted repetitive behaviors, interests, and activities
(RRBs).

ASD by definition encompasses pragmatic communication problems, but also includes RRBs.
Because both components are required for diagnosis of ASD, taking all this into consideration,
SCD is diagnosed if no RRBs are present.

3. Diagnostic Criteria: 12 symptom-items in the DSM-IV are reduced to 7. Symptoms are
not deleted, but those criteria that describe similar characteristics are merge. There must
be five out of seven criteria to make the diagnosis of ASD.

4. Sensory processing: RRBs are expanded to include “abnormalities in sensory processing”.

5. The broadened age of onset criteria: Symptoms must be present in the early develop‐
mental period. To meet the requirements for criterion C in DSM-IV, symptoms must start
prior to 3 years of age. DSM-5 only stipulates that symptoms start in early childhood,
cautioning that they “may not be fully manifest until social demands exceed capacity”,
that is to say during middle-school years, late adolescence, or young adulthood. The
results of Guthrie et al. [37] may be helpful to illustrate the manifestations of autistic
symptoms during development. They assessed a sample of 237 children with ASD,
between 12 and 30 months of age using ADOS-T, and found that autism symptoms can
be divided and best deconstructed into the two-factor DSM-5 model, which supports the
DSM-5´s reorganization of symptoms. The fact that these results in young children
coincide with earlier studies in older children and adults indicates that the structure of
autistic symptomatology may be similar across the developmental stages.

6. Specify current severity: Level 3: Requiring very substantial support; Level 2: Requiring
substantial support; and Level 1: Requiring support.
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7. The addition of “specifiers” to describe features such as “with or without intellectual
impairment”, “with or without language impairment”, “associated with known medical
or genetic condition” (deletion of Rett syndrome as a specific ASD), and “with catatonia”.

Advantages:

• They are specific to the social-communication domain plus restricted, ”repetitive behaviors/
fixated interests”. The criteria “Qualitative impairment in communication” disappears.

• ASD is a single spectrum disorder; however, it presents important individual variations.
DSM-5 incorporates: cognitive abilities (IQ), clinical course and pattern of onset, severity of
ASD symptoms, etiologic factors, and associated conditions. Clinicians will be likely to
include these observations as “diagnostic specifiers”.

• DSM-5 criteria present higher specificity when compared to DSM-IV-TR criteria (0.97 vs.
0.86). This superior specificity may decrease false positive diagnoses, which is especially
important in clinical settings where base rate tends to be low [38].

Drawbacks:

• Sensitivity is lower (0.81 vs. 0.95) in DSM-5. Therefore, sensitivity has been “sacrificed” to
increase specificity. Loosening the DSM-5 criteria by reducing one symptom criterion
improved sensitivity (0.93 vs. 0.81), causing a minor specificity decrease (0.95 vs. 0.97). It
would be advisable that Phase II of DSM-5 testing would incorporate loosened criteria,
which will prevent up to 12% of ASD-affected people, mainly females, from being poten‐
tially overlooked. Less stringent DSM-5 criteria may improve ASD diagnosis, reducing
societal costs via adequate early identification and improving treatment resources [38].
Other studies demonstrate that a diagnostic algorithm following the DSM-5 criteria and
adapted to age and ability level variations is able to achieve good levels of both specificity
and sensitivity [39].

• Merging Asperger disorder and PDD-NOS into a single broad ASD ignores singularity and
identity of the Asperger disorder. There is at least one study indicating that the DSM-5 draft
criteria were less sensitive identifying patients that were already diagnosed with AS with
an ASD [40]. Thus, this proposed change has generated considerable apprehension from
both patients and their families, who are concerned that individuals diagnosed with
Asperger disorder will be orphaned or receive inappropriate service provision [41]. Due to
the fact, that AS patients possess at least average intelligence, they may find themselves a
therapeutic “no man’s land” and not considered for disability services [42]. By contrast,
other studies evaluate an important aspect of this controversy, namely symptom continuity
between individuals with Asperger disorder and other ASD cases, by explicitly testing
conflicting views of the nature of autism symptom structure. They have suggested that most
children diagnosed with ASD using the DSM-IV would also be diagnosed as such employ‐
ing the DSM-5 criteria [38, 43].

• Research studies from before and after DSM-5 will not be comparable. Important disconti‐
nuities in diagnostic practice create significant problems both for the clinical and research
fields. It is not yet clear what the impact that these changes in the DSM-5 may have [31].

ADHD - New Directions in Diagnosis and Treatment122



7. The addition of “specifiers” to describe features such as “with or without intellectual
impairment”, “with or without language impairment”, “associated with known medical
or genetic condition” (deletion of Rett syndrome as a specific ASD), and “with catatonia”.

Advantages:

• They are specific to the social-communication domain plus restricted, ”repetitive behaviors/
fixated interests”. The criteria “Qualitative impairment in communication” disappears.

• ASD is a single spectrum disorder; however, it presents important individual variations.
DSM-5 incorporates: cognitive abilities (IQ), clinical course and pattern of onset, severity of
ASD symptoms, etiologic factors, and associated conditions. Clinicians will be likely to
include these observations as “diagnostic specifiers”.

• DSM-5 criteria present higher specificity when compared to DSM-IV-TR criteria (0.97 vs.
0.86). This superior specificity may decrease false positive diagnoses, which is especially
important in clinical settings where base rate tends to be low [38].

Drawbacks:

• Sensitivity is lower (0.81 vs. 0.95) in DSM-5. Therefore, sensitivity has been “sacrificed” to
increase specificity. Loosening the DSM-5 criteria by reducing one symptom criterion
improved sensitivity (0.93 vs. 0.81), causing a minor specificity decrease (0.95 vs. 0.97). It
would be advisable that Phase II of DSM-5 testing would incorporate loosened criteria,
which will prevent up to 12% of ASD-affected people, mainly females, from being poten‐
tially overlooked. Less stringent DSM-5 criteria may improve ASD diagnosis, reducing
societal costs via adequate early identification and improving treatment resources [38].
Other studies demonstrate that a diagnostic algorithm following the DSM-5 criteria and
adapted to age and ability level variations is able to achieve good levels of both specificity
and sensitivity [39].

• Merging Asperger disorder and PDD-NOS into a single broad ASD ignores singularity and
identity of the Asperger disorder. There is at least one study indicating that the DSM-5 draft
criteria were less sensitive identifying patients that were already diagnosed with AS with
an ASD [40]. Thus, this proposed change has generated considerable apprehension from
both patients and their families, who are concerned that individuals diagnosed with
Asperger disorder will be orphaned or receive inappropriate service provision [41]. Due to
the fact, that AS patients possess at least average intelligence, they may find themselves a
therapeutic “no man’s land” and not considered for disability services [42]. By contrast,
other studies evaluate an important aspect of this controversy, namely symptom continuity
between individuals with Asperger disorder and other ASD cases, by explicitly testing
conflicting views of the nature of autism symptom structure. They have suggested that most
children diagnosed with ASD using the DSM-IV would also be diagnosed as such employ‐
ing the DSM-5 criteria [38, 43].

• Research studies from before and after DSM-5 will not be comparable. Important disconti‐
nuities in diagnostic practice create significant problems both for the clinical and research
fields. It is not yet clear what the impact that these changes in the DSM-5 may have [31].

ADHD - New Directions in Diagnosis and Treatment122

2.4. Attention-deficit/hyperactivity disorder (ADHD)

ADHD is considered the most frequent neurobehavioral childhood disorder. According to
DSM-IV TR criteria, between 8% to 12% of school-age children could be diagnosed with ADHD
[44]. However, there is a wide spread notion that ADHD is overdiagnosed. Although, the
review of prevalence studies and research on the diagnostic process does not support the
concept that ADHD is systematically overdiagnosed [45]. Some authors have proposed that
ADHD should not be a disease as such, but rather a group of symptoms converging in a
behavioral pathway for a series of psychological, emotional, and/or learning problems [46].

ADHD now falls under the Neurodevelopmental Disorders chapter, instead of being included
within the disruptive behavior disorders, i.e., Oppositional Defiant Disorder and Conduct
Disorder. This change accords better with the current concept of ADHD. ADHD is identified
by a behavioral pattern, present in a variety of settings (e.g., school and home) that may affect
performance issues in educational, work, or social settings. The threshold for meeting the
diagnostic criteria for ADHD has been lowered slightly [47, 48].

Changes to ADHD in DSM-5:

1. Core symptoms: The general structure of the two dimensions of ADHD, inattention and
hyperactivity/impulsivity, remains unchanged and DSM-5 retains the exact DSM-IV
wording of all 18 symptoms. However, DSM-5 adds developmentally appropriate new
exemplars to the criterion items to facilitate the application of these symptoms across the
life span, more appropriate for children, adolescents, and adults.

2. Age of onset criteria of the disorder: The onset criterion has been changed from “symp‐
toms that caused impairment were present before age 7 years” to “several inattentive or
hyperactive-impulsive symptoms were present prior to age 12”. Furthermore, DSM-5 only
requires that symptoms are present by age 12, not that they necessarily create impairment
by this age, as in DSM-IV. The combination of older age of onset and removing the
impairment requirement is clearly more lenient.

3. Number of symptoms required and duration of symptoms: A symptom threshold
change has been made for adults by reducing the number of criteria that patients aged 17
years or older must fulfill for diagnosis, with a cutoff of five symptoms instead of the six
required for younger persons, both for inattention and for hyperactivity/impulsivity. As
in DSM-IV, it is required that symptoms last for 6 months or more, and keeping at a level
that would not overlap with the standard development

4. Multiple settings requirement: The cross-situational requirement has been reinforced
with “several” symptoms for every setting.

5. Need for clinically significant impairment. In DSM-IV, symptoms had to affect least two
settings (“the behaviors must create significant difficulty in at least two areas of life, such
as home, social settings, school, or work”). Therefore, symptoms were required to cause
impairment in several contexts (e.g., both home and school), as well as affecting the
functional ability of the child in more than one context. DSM-5 has revised this to "several
inattentive or hyperactive-impulsive symptoms are present in two or more settings".
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Therefore, symptoms only have to appear in more than one setting and it is not required
that they affect the subject’s functioning in several contexts. This is less demanding too,
and increases the chance to receive a full ADHD diagnosis, thus raising the percentage of
the population who meets the diagnostic criteria.

6. Presentations: In DSM-5, subtypes have been substituted by presentation specifiers that
correspond to the former subtypes in order to employ terms that accord with the change
and fluidity that the disorder may display in a given patient across time. DSM-5 defines
three presentations of ADHD according to the presence or absence of specific symptoms:
hyperactive-Impulsive presentation, inattentive presentation, and combined presenta‐
tion.

7. New requirement to specify severity: DSM-5 requires the severity of the disorder to be
graded in the affected person, since ADHD symptoms impact each individual in varying
degrees. Clinicians can specify the severity of ADHD presentation as mild, moderate, or
severe, according to DSM-5 criteria:

• Mild: A minimal number of symptoms are present that result in only minor impairment at
school, work, home, and/or in social contexts.

• Moderate: The impairment or symptoms are between mild and severe.

• Severe: A large number of symptoms show a higher level than required to have diagnostic
value, or various symptoms are markedly grave, or they severely undermine the person at
school, work, home, and/or in social settings.

It must also be recognized that the degree of severity and how ADHD manifests itself can vary
during the patient's lifespan, which implies the chance of a partial remission of ADHD.

8. Comorbidity: DSM-5 introduces an important and, generally, positive change related to
comorbidity: the elimination of ASD as an exclusion criterion for the diagnosis of ADHD.
In its revised ADHD diagnostic criteria, DSM-5 recognizes the frequency of this co-
occurrence (particularly at a young, pre-school age), and allows, for the first time, a co-
morbid diagnosis of ADHD with ASD.

9. New categories for persons not meeting full criteria. The DSM-IV included a category
called ADHD Not Otherwise Specified (NOS) for subjects showing notable symptoms but
falling short of the required criteria. This has been revised to Other Specified ADHD and
Unspecified ADHD in the DSM-5. The Other Specified category is employed when full
the criteria are not reached, the clinician is able to determine the reason why full criteria
were not met and the symptoms that do appear impair functioning in a clinically signif‐
icant way.

Advantage:

• Comorbid diagnosis with ASD. This new disposition will pave the way for a more scientific
approach to the overlap of these disorders, as well as enable a more appropriate clinical
treatment of these children.
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the criteria are not reached, the clinician is able to determine the reason why full criteria
were not met and the symptoms that do appear impair functioning in a clinically signif‐
icant way.

Advantage:

• Comorbid diagnosis with ASD. This new disposition will pave the way for a more scientific
approach to the overlap of these disorders, as well as enable a more appropriate clinical
treatment of these children.
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Drawbacks:

• The modifications introduced will probably raise the prevalence of ADHD, particularly in
adolescents and adults, and perhaps also in children [49]. However, those changes are
supported by clinical and epidemiological data and are unlikely to result in over-diagnosis
[48].

3. Developmental period in preschool children

In the field of psychiatric disorders there has been a traditional delay in the systematic research
dealing with infants and preschoolers (0 to 5-year-old children) in comparison with that
studying school-age children, adolescents, and adults. To facilitate research on the preschool
and infant ages, the development of clear and specific diagnostic criteria that can be confidently
utilized within standardized measurements across a variety of samples is essential. In 2000–
2002, an independent research committee elaborated the first Research Diagnostic Criteria-
Preschool Age (RDC-PA), with the aim of promoting systematic study of psychiatric disorders
in younger children [50].

The DSM model, with some revision to address the child´s developmental level, appears to
provide a valid means of differentiating typical behavior problems in preschool children from
atypical disruptive conduct that is impairing. Systematic research is required to standardize
the revision of current assessment tools so that they can be adapted for use with preschool
children and to develop methods that are more clinically sensitive for determining a child´s
development level and for employing observational data in assessment [51].

Therefore, in young children, it is very important to recognize changes that may occur in the
early stages of learning, especially in language acquisition and behavioral symptoms, which
could already be identified as prodromal symptoms, followed by a correct differential
diagnosis of these entities.

3.1. Development of language according to the stages of acquisition

The development of both language and communication is an intricate process affected by
multiple genetic and environmental factors. Diagnostic criteria for NDDs (e.g., communication
disorders, language Impairment, dyslexia, ASD, and ADHA) often include impairments in
communication and language skills. These complex disorders are polygenic with a relevant
genetic contribution to both types of skills. Language acquisition is the process by which
human beings acquire the capacity to perceive, comprehend, produce, and use words and
sentences to communicate. Humans' the early years, beginning at birth, are critical to future
development of the skills required. Language acquisition needs to be stimulated in every way
to generate a solid base to build upon as the child develops. There have been numerous
investigations in this area, and several models for learning language have been developed
based on neural networks, computational models, and other connectionist approaches [for
review see 52–55]
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Subject literature provides guidelines for when age-specific language features are acquired on
average, but different authors cite different milestone dates, depending on where they
conducted their research. Therefore, it is important to note that dates, in terms of specific
linguistic milestones, are not concrete and can vary slightly from child to child. In accordance
with published data, we can identify six basic stages of language acquisition occurring between
ages 0 to 5 years, which coincide with the preschool stage. These ages are divided into two
cycles: first cycle, between 0 and 3 years (in toddlers); and a second cycle, ranging from 3 to 5
or 6 years old, prior to the start of mandatory education.

The first cycle

• Prelingual stage (0-6 mo): Occurs before the use, acquisition, or development of language.
Infants practice the pragmatic component of language use (e.g., by making eye contact with
adult caretakers and exchanging sounds in something resembling a conversation). The
"normal" child concentrates on the center of the face, or the region of the eyes. In NDD, there
is a continuous and general deficiency in reciprocal social interaction. A notable disability
in a myriad of nonverbal forms of social interaction and communication may occur (e.g.,
facial expressions, eye-to-eye contact, gestures, and body postures).

• Babbling and canonical babbling stage(6–12 mo): Babbling (also known as twaddling) is
a stage of language acquisition during development when the child seems to be exploring
their capability to produce articulate sounds, but still not being able to utter recognizable
words. Syllable patterns start to emerge. Infants begin to distinguish between the different
sounds, from vowels (V) to consonant and vowel (CV) syllables. This phase is considered
to be the beginning of the canonical stage. During the canonical stage, babbling consists of
repeated sounds containing alternations of consonants and vowels, progressing through
such syllable types as VCV, VC, and redup of syllables (CVCV) and variegated syllables;
children start to acquire the phonemes of the language.

• One-wordutterances/holophrastic stage (12–18 months): By about one year of age, infants
start saying their first words. These one-word utterances are defined in the literature as
“holophrastic” since they have been interpreted as to serve the same purpose of longer word
expressions in adults.

• Two-word utterances (approx. 18–24 months): The two-word stage is defined as a child
using (quite obviously, as stated in the title) two words to form a sentence.

• Telegraphic stage (2–3 years): When children have acquired and start to use multiple-word
utterances. At this stage, some of the children's utterances are grammatically correct.

The second cycle

• By about 5–6 years of age, children have acquired almost normal speech, with good
command of syntax and semantics. In later stages, development of vocabulary and prag‐
matics takes place. Pragmatic development highlights children's motivation to acquire
language in the first place, as it serves different purposes and functions. Pragmatics are not
acquired immediately, nor does it take a short period of time for a child to acquire them.
This process is on-going until the age of approximately 10 years. In AD patients that have
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acquired speech, it can be found either repetitive, stereotyped/idiosyncratic language, or
pronounced disability sustaining or initiating a conversation with other individuals.

As already mentioned, developmental milestones and particularly social communication
abilities, language acquisition, and proper speech occur at different age ranges amongst
children, therefore diagnosis of pathology at early ages can be hindered. In AD, there may be
either total absence or a delay in the development of speech.

The classical criteria for AD require abnormal functioning in communication skills, which has
been one of the reasons that AD was not usually diagnosed until the second cycle of preschool
age. Therefore, although many children did not meet all the criteria, they were included in AD
generally categorized as PDD-NOS; overuse of PDD-NOS has lead to misdiagnosis and may
have helped in the autism “outbreak”. In the new classification of ASD, communication (verbal
and nonverbal skills) is excluded; by removing this requirement, possibility of diagnosis before
the age of 3 is increased.

In recent years, work on identifying prodromal symptoms of ASD has offered a powerful
avenue for studying the emergence of “ASD in statu nascendi”. At 6 months, ASD prodromal
symptoms include a reduced capability to spontaneously pay attention to people and their
activities [56–59]. At 12 months, a large proportion of infants posteriorly diagnosed with ASD
show clinically relevant delays as well as dysfunction in various fields, including: vocaliza‐
tions, social smiling, and eye contact [60–63], initiation of requesting and joint attention [62],
object exploration [64], response to name [65], and responses to others’ distress [66–68].
However, many of these symptoms described for ASD can also occur in children with ADHD
or intellectual deficit, so caution is needed before a definitive diagnosis [69].

Sociocultural and individual factors influence body language, facial expressions and eye
contact, and social communication behaviors in preschoolers and there is an ample spectrum
of norms that are considered acceptable within and across cultures, families, and individuals
[70]. Young children with SCD can sometimes present with symptoms similar to ADHD or
ASD, so it is necessary to establish screening tests for comorbid conditions. Children diagnosed
with pragmatic language impairment may be placed within a continuum between individuals
with social communication deficits associated with ASD and those presenting with the specific
language impairment [16].

The criteria for PDD-NOS diagnosis according to DSM-IV required the presence of impaired
reciprocal social interaction and either deficient communication skills or stereotyped behavior,
activities, and interests. Subclinical symptoms were also allowed in the PDD-NOS category.
It is therefore possible that, when applying the DSM-IV criteria, children with social commu‐
nication and/or pragmatic language impairment were diagnosed as PDD-NOS.

The DSM-5 Communication Disorders include a new condition, SCD; so far fewer studies have
been conducted to determine the extent of the problem. Additional research is necessary to
discern the consequences that pragmatic language impairments and SCD have on neuro‐
psychiatric disorders, problematic behaviors, and the acquisition of academic skills. To reliably
diagnose SCD, children must have already acquired suitable language and speech capabilities
(i.e., present by 4–5 years of age in standard language development) in order to identify
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particular verbal pragmatic deficiencies. Therefore, samples from preschool- and school-age
children should be employed in future research to establish a baseline for symptom manifes‐
tations. Developing and/or validating assessment tools to track and measure SCD traits will
be invaluable to follow the course of the disease [7].

3.2. Control processes in behavioral domains

Although autism tends to appear during the first 1–2 years of life, ADHD is nearly impossible
to diagnose along this period. Hyperactivity and inattentiveness are features shown by almost
all toddlers, thus making ADHD very difficult to diagnose reliably until early childhood
(although it is often possible during the preschool period) [71]. Children demonstrate dramatic
gains in control processes between the ages of 3 and 6. During this developmental period,
children begin to actively develop rudimentary regulation skills in affective, cognitive, and
behavioral domains via rapidly developing limbic and neocortical circuitry [72] and in the
context of parental socialization [73]. The determination of clinical significance of behavioral
symptoms in the preschool period is complex due to the ample diversity usually found for
these features.

Clinical experience and empirical data indicate that the criteria proposed for ADHD are largely
applicable to children 3–5 years of age, whereas there is less evidence regarding their applic‐
ability to children under 3 years of age. Preschool children diagnosed with ADHD are similar
with school-age ADHD youths in impaired functioning, high rates of comorbid psychopa‐
thology, and the quality of the disorder, despite the age difference [74]. Disorders of dysregu‐
lation can be first reliably diagnosed during this developmental period [50]. Hyperactivity-
impulsivity may be a particularly prominent behavioral manifestation of preschool ADHD at
home, whereas inattention may be more salient at the school setting [75]. Cognitive control
has been found to be significantly associated with affective control (but not with effortful
control) as a prominent form of control during early childhood in children with ADHD [76].

Furthermore, in a prospective population-based study, the Avon Longitudinal Study of
Parents and Children (ALSPAC), in which subjects were recruited in the prenatal period
(13,988 children alive at 12 months), results for boys indicated that autism overlaping with
hyperactivity symptoms may contribute to problems with pragmatic language. This was not
the case for girls or for socio-emotional difficulties [77]. In adults, by contrast, the co-occurrence
of autistic and ADHD traits is not characterized by hyperactivity or impaired social skills,
routine preferences or imagination. Instead, the connection between AD and ADHD is
determined by common attention-related deficiencies (attentional switching capacity and lack
of attention) [78].

Other studies have also found impaired facial affect recognition and empathy in children
with  ADHD [79,  80].  Some of  the  symptoms,  such as  lack  of  eye  contact,  can occur  in
different diseases and can be used to diagnose various behavioral and reading disorders:
visual  disturbances,  intellectual  disability,  autism,  ADHD,  and  dyslexia.  In  early  child‐
hood,  when  “impairment  in  social  interaction  or  restricted  repetitive  and  stereotyped
patterns of behavior” is still  not well established, sometimes it is particularly difficult to
establish  an  appropriate  differential  diagnosis  between  these  categories.  There  is  little
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research available on pre-school children with ADHD for the purpose of determining early
ASD  comorbidity,  possibly  because  while  ASD  is  often  diagnosed  at  pre-school  age,
diagnosis of primary ADHD is frequently postponed to late pre-school or early school age
[1].  No  population-based  study  on  ASD  diagnoses  in  children  with  a  primary  clinical
diagnosis of ADHD has been performed to date [81].

4. Overlap of ADHD and ASD

Although their core diagnostic criteria do not explicitly overlap, lately, an increasing number
of studies provide evidence for an elevated degree of corbidity between ADHD and ASD, with
different levels of symptom severity. In DSM-5, the diagnoses of AD and ADHD will not be
mutually exclusive any longer. This provides the basis for more differentiated studies on
overlap and distinction between both disorders. [For review see 1, 81–85].

ADHD and ASD are more frequent in boys than in girls, and both emerge, at least to a
certain degree,  at  preschool age.  Research on the co-occurrence of  ASD and ADHD has
focused on older  children despite  the fact  that  characteristic  ADHD and autistic  behav‐
iors appear already in early childhood. Clinicians have been able to recognize behavioral
characteristics, such as social deficits, in children with ADHD hyperactivity among children
with ASD for a long time. However, it is only in recent years that research investigating
their comorbidity has burgeoned [82].

For example, the percentage of subjects with ASD meeting the criteria for ADHD was 30–
31% for autism [86, 87] and 45% for PDD-NOS [88]. In a parallel way, high levels of autistic
traits have been found in populations of children with ADHD [89] and with hyperkinetic
disorder [90]; these autistic symptoms in ADHD are higher than in healthy control children
[91]. Studies of clinical samples with ASD have also differentiated between ADHD subtypes
and observed a prevalence of approximately 20% inattentive and 10% combined ADHD
subtype in children with ASD [92].  The overlap was also significant for suspected cases
(22% of children with suspected ADHD met criteria for ASD, 41% who met criteria for ASD
had suspected ADHD) [93].

Contrary to the common belief that PDD-NOS is heterogeneous, the vast majority (97%) of
patients presenting PDD-NOS had the same distinct pattern of symptoms, which consisted of
deficiencies in social communication and reciprocity, unaccompanied by relevant repetitive
and stereotyped behaviors (RSB). They had comparably severe, but more circumscribed, social
communication deficiencies than AD or ASD patients, with lower number of non-social autistic
symptoms, e.g., visual-spatial, feeding, and sensory impairments. These subjects seem to
present a different type of autism that is more than just a less severe form of one symptoma‐
tology continuum. According to the current guidelines for DSM-5, requiring the existence of
RSBs for every PDD diagnosis, PDD-NOS should be excluded from the autistic spectrum [94].

Currently, there is increasing interest in investigating the overlap of ADHD and ASD in terms
of common neurobiological substrates, associated clinical comorbidities/neuropsychological
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deficits, neural correlates, and shared genetic susceptibility. Therefore, we should ask some
questions: Are both disorders distinct manifestations of the same underlying risk factor(s)? Is
it possible that different subtypes within and across disorders do exist, for example, a subtype
of ADHD combined with atypical autism or PDD-NOS, which may also show specific
underlying risk factors? Do the disorders share neuronal circuitry?

4.1. Associated clinical comorbidities ADHD/ASD

The diagnosis of both ADHD and ASD is based on behavioral symptoms. Both conditions
frequently encompass deficiencies in communication with peers, attention, various degrees of
restlessness or hyperactivity, and impulsivity. The significance of the presence of clinical
overlap regarding the underlying neurobiology and phenotype is not well known. Both
syndromes are known to present genetic susceptibility, showing comorbidity across family
members as well as within the same individual, and both conditions bring about significant
academic, behavioral, adaptive, and emotional impairment at home, at school, and in other
places [95].

ADHD behaviors and autistic-like features have been reported to present a positive significant
correlation in a sample of community two-year-old children. The correlation between ADHD
behaviors and autistic-like features was found lower in older children when compared with
young adults (r=0.23–0.26 vs. r=0.48–0.57), indicating that the covariance of ADHD/ASD
increases with age [96]. This can possibly be attributed to the fact that not all the characteristic
behavioral types for ADHD and ASD have appeared yet in children, which makes less reliable
the measurement of these behaviors when compared to adults.

Most reports using factor analysis to study ASD have found at least one factor connected with
RRBs or "non-social" behavior and an independent factor connected with separate social-
communicative features [97]. To the best of our knowledge, there are no publications employ‐
ing factor analysis investigating autistic features in groups of children diagnosed with ADHD
and, therefore, whether the existence of ADHD has any effect on the type of autistic traits
remains to be elucidated.

Preliminary results suggest that, particularly in young children between 2 and 5 years, a
worsening of ASD syndrome in children with ADHD is related to lower full-scale IQ, enhanced
anxiety, oppositional and conduct symptoms, general motor problems, and working memory
deficits [79, 98]. The risk for increased severity of psychosocial problems increases, as well as
greater delays in adaptive functioning [99, 100]. These connections remained after correcting
for ADHD severity, indicating that the severity of comorbid autistic traits is regulated
independently from ADHD [101].

Existing data indicate that pragmatic language deficiencies seem to be similar both in children
in the ASD spectrum and ADHD [102]. Both conditions also often show executive function
(EF) attention deficits as well as response inhibition impairment. HFA and ADHD hardly differ
in their EF measures. However, the HFA group showed more impairment in planning and
cognitive flexibility when compared to the ADHD group [101]. Another study found that
children with ASD and children with ADHD were indistinguishable as far as emotional

ADHD - New Directions in Diagnosis and Treatment130



deficits, neural correlates, and shared genetic susceptibility. Therefore, we should ask some
questions: Are both disorders distinct manifestations of the same underlying risk factor(s)? Is
it possible that different subtypes within and across disorders do exist, for example, a subtype
of ADHD combined with atypical autism or PDD-NOS, which may also show specific
underlying risk factors? Do the disorders share neuronal circuitry?

4.1. Associated clinical comorbidities ADHD/ASD

The diagnosis of both ADHD and ASD is based on behavioral symptoms. Both conditions
frequently encompass deficiencies in communication with peers, attention, various degrees of
restlessness or hyperactivity, and impulsivity. The significance of the presence of clinical
overlap regarding the underlying neurobiology and phenotype is not well known. Both
syndromes are known to present genetic susceptibility, showing comorbidity across family
members as well as within the same individual, and both conditions bring about significant
academic, behavioral, adaptive, and emotional impairment at home, at school, and in other
places [95].

ADHD behaviors and autistic-like features have been reported to present a positive significant
correlation in a sample of community two-year-old children. The correlation between ADHD
behaviors and autistic-like features was found lower in older children when compared with
young adults (r=0.23–0.26 vs. r=0.48–0.57), indicating that the covariance of ADHD/ASD
increases with age [96]. This can possibly be attributed to the fact that not all the characteristic
behavioral types for ADHD and ASD have appeared yet in children, which makes less reliable
the measurement of these behaviors when compared to adults.

Most reports using factor analysis to study ASD have found at least one factor connected with
RRBs or "non-social" behavior and an independent factor connected with separate social-
communicative features [97]. To the best of our knowledge, there are no publications employ‐
ing factor analysis investigating autistic features in groups of children diagnosed with ADHD
and, therefore, whether the existence of ADHD has any effect on the type of autistic traits
remains to be elucidated.

Preliminary results suggest that, particularly in young children between 2 and 5 years, a
worsening of ASD syndrome in children with ADHD is related to lower full-scale IQ, enhanced
anxiety, oppositional and conduct symptoms, general motor problems, and working memory
deficits [79, 98]. The risk for increased severity of psychosocial problems increases, as well as
greater delays in adaptive functioning [99, 100]. These connections remained after correcting
for ADHD severity, indicating that the severity of comorbid autistic traits is regulated
independently from ADHD [101].

Existing data indicate that pragmatic language deficiencies seem to be similar both in children
in the ASD spectrum and ADHD [102]. Both conditions also often show executive function
(EF) attention deficits as well as response inhibition impairment. HFA and ADHD hardly differ
in their EF measures. However, the HFA group showed more impairment in planning and
cognitive flexibility when compared to the ADHD group [101]. Another study found that
children with ASD and children with ADHD were indistinguishable as far as emotional

ADHD - New Directions in Diagnosis and Treatment130

recognition and theory of mind, which further underlines the neuropsychological similarities
between these two syndromes [103].

Although social difficulties are not considered central for ADHD diagnosis, the truth is that
children with ADHD present significant social problems: they tend to be more frequently
rejected by their peers (approximately 50–60%), and they do not have as many friends [104].
Research in the recent years indicates that many individuals with ADHD may present social
deficiencies that are in line with those found in ASD. Cantwell [105] described a form of social
impairment in ADHD as a “lack of savoir faire,” and calculated that this social ingenuousness
may be present in about 20% of children and adolescents with ADHD. In children with ADHD
as their primary diagnosis, the degree of autistic condition related to the severity of ADHD
subtype, subjects with the combined type of ADHD showed the most autistic symptoms [106].

RRBs seem to appear less often than communication and social deficits in ADHD children [83].
Recently, it has been found that the separation between RRB and social-communicative
dimensions is not affected by ADHD in children; these results highlight that they are distinct
dimensions, as shown in children with ASD and in the general population [97, 107]. These data
indicate that the existence (or non-existence) of ADHD in children does not impinge upon
social-communicative deficiencies and RRBs expression. This finding also justifies the DSM-5
´s change from a triad to a dyad of diagnostic impairments [35, 38]. However, there appears
to be some overlay across RRB traits and hyperactive-impulsive symptoms in children with
ADHD [107].

Therefore, it is essential to know to the extent of hyperactivity/overactivity in its most severe
form in young children fosters development of autistic traits such as pragmatic language
impairment and RRB traits. Future studies conducted on these issues in light of the new criteria
in DSM-5 will be of maximum interest.

4.2. Common risk factors susceptibility in ADHD/ASDS

The etiopathogenesis of NDDs appears to be the result of the combined actions of both
environmental and genetic risk factors on the developmental process. NDDs display highly
complex pathophysiological processes as well as considerable (epi-) genetic heterogeneity.
However, NDDs present some phenotypic overlapping in their traits, show a substantial
comorbidity and share a number of environmental and genetic risk factors. The current
heritability estimates of ASD and ADHD also imply the relevance of common environmental
and disorder-specific risk factors for one or both disorders [108].

4.2.1. Genetic risk factors

In recent years, numerous scientific and technical advances have been developed on the human
genome. This has allowed an exponential progress in understanding the molecular pathways
of genetic expression, which has revealed the pathogenesis of many diseases. In NDD such as
ASD and ADHD, these genetic and epigenetic risk factors are very wide, which makes it
difficult to give simple answers at the present time. Up to now, genome-wide association
studies (GWASs, genome-wide single nucleotide polymorphism (SNP) association studies and
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genome-wide copy number variants (CNV) studies), assessments of chromosomal variations,
as well as candidate-gene and linkage analyses have revealed an ample spectrum of genes
presenting polymorphisms and susceptibility mutations related to ADHD and ASD.

• Genetic ASD

We now know that a number of Mendelian syndromes seem to be connected to autism. The
most common of these single-gene defects, including CGG repeats within the FMR1 gene as
the cause of Fragile X syndrome, mutations in the MECP2 gene in Rett syndrome, tuberous
sclerosis, and PTEN mutation, account for but a small minority of cases (for up to 5% of ASDs)
[109]. Further, even pooling these syndromes together with cytogenetic abnormalities and
other diagnosable medical conditions still only account for <10% of cases. The latest advances
made in genetics and technology, mainly the widespread use of molecular techniques by
chromosomal Microarray Studies and Next-generation Sequencing, have increased the
diagnostic cost-effectiveness of conventional techniques (karyotype, subtelomeric analyses,
etc.) from 3–5% to 30–40% in patients with intellectual disability or ASD. Cytogenetic abnor‐
malities at the 15q11-q13 and the 7q22-q37 locus seems most strongly linked to autism.
Children presenting congenital abnormalities, dysmorphic traits, mental retardation, or with
a family history of developmental disorders are the main population expected to profit from
genetic consultation and extensive medical testing. Increased diagnosis of ASD associated with
genetic abnormalities has allowed its new specification in DSM-5: “associated with known
medical or genetic condition”.

However, for children with “nonsyndromic or idiopathic” ASD, the studies of genetic risk
factors have been less conclusive. The rate of recurrence of ADS in siblings of affected children
is about 2% [110], which is 16 times higher than in the general population but much more
reduced than in single-gene diseases. There is a remarkable concordance in monozygotic twins
(60% to 95.2%) as well as in dizygotic twins (0% to 10%), indicating a strong genetic component.
Nevertheless, despite the high heritability of ASDs (~90%), the genetic substrate of these
syndromes still remains to be fully elucidated [111]. So, only a few loci show recurrent
mutations, and these recurrent mutations account for only about 1–2% of patients [112]

Recently, rare, highly penetrant single nucleotide variants (SNV) have been receiving increas‐
ing attention as potential sources of “idiopathic autism” [113-117]. Furthermore, most of the
uncovered genetic basis for ASDs correspond to rare variants, mainly the X-linked DDX53-
PTCHD1 locus, as well as CNVs involving numerous ASD genes such as DLGAP2, SHANK2,
and SYNGAP1 [118]. But this only represents a selected sample of examples of the numerous
studies in this field, in as much as these CNVs are widely distributed across the genome at
more than 100 different loci. The statistical distribution of influences across the genome
suggests that hundreds of different human genes can mutate to influence autism risk [117].
Present calculations indicate that CNVs and SNVs occurring in X-linked, recessive or dominant
models represent a small proportion of ASD (as many as 15% of cases), and common SNPs
constitute almost 50% of the diversity in autism. Several GWASs [119–122] have been per‐
formed to decipher the genetic etiology of autism that is attributable to common variants (i.e.,
SNPs), with only a few variants having shown significant associations and replicated in an
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independent population or in endophenotypes. Examining the data from individual SNPs as
well as their overall effect that may be deduced from the allele score results, it is acceptable to
assume that common variants are implicated in the risk for ASD but individually considered,
their effects are moderate

Furthermore, current progress in next-generation sequencing and exome sequencing has
allowed the finding of an astounding amount of de novo mutations that increase the risk for
ASD. Some of them are copy number variations or rare mutations in synaptic proteins
including ProSAPs/Shanks proteins (with a crucial role in the assembly of the postsynaptic
density during synaptogenesis, in synaptic plasticity, and in the regulation of dendritic spine
morphology) [123], and neuroligins/neurexins (synaptic cell adhesion molecules that play a
pivotal role in the assembling of both inhibitory GABAergic and excitatory glutamatergic
synapses in the brain) [124]. It has been proposed that genes implicated in "monogenic"
variants of syndromic and nonsyndromic ASD coincide on molecular pathways and mecha‐
nisms related to synaptic dysfunction (developmental synaptopathies). These genes would
regulate synaptic protein degradation and synthesis including neurotransmitter receptors and
postsynaptic scaffold structure, and would be involved in synaptic development, plasticity,
and signaling [125].

It is not yet clear whether the same group of genes that are involved in the usual genetic risk
factors are the same genes that can also cause ASD through rare, highly penetrant mutations.
Besides, despite all the research devoted so far to identifying the biochemical pathways
involved in ASDs to unify diverse genes, conclusive, well-replicated evidence is not yet
available. The mechanisms by which these mutations produce ASD syndromes have only been
very partially elucidated [for review see 126, 127]. Hence, genetic factors in most cases still
remain unknown, but may potentially include complicated processes such as gene-environ‐
ment interaction or gene-gene interaction, or even less penetrant rare variants. In this way, one
might conclude that the interplay between a variety of genes can produce "idiopathic" autism
but that exposure to environmental modifiers as well as “epigenetic factors” may add up to a
varying expression of autistic features [128].

• ADHD and its candidate genes.

ADHD clinical expression presents a high degree of heterogeneity and not only genetic but
also environmental factors are implicated in its etiology. A meta-analysis of 20 pooled twin
studies estimated an average heritability of 76%, suggesting that ADHD is one of the disorders
with the strongest genetic component in psychiatry [129]. In spite of its high heritability
estimates, identifying the genes responsible for ADHD susceptibility has become a compli‐
cated and slow task. In recent years, numerous molecular genetic studies (more than 300,
including: genome-wide CNV studies as well as genome-wide and candidate-gene association
studies) have been devoted to find susceptibility loci for ADHD. The first genetic studies in
this field focused on genes related to the dopaminergic system. However, only small effects
were found and they could explain just a small fraction of ADHD heritability. The latest studies
are trying to identify new genes and pathways underlying ADHD [for review see 130, 131].
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The release of linkage studies has provided more than 100 different regions for ADHD
including 6q12, 4q13.1, 16p13, and 17p11. Until now, candidate-gene association studies
(CGASs) have been able to propose close to 180 candidate genes. The foremost types of
pathways involved are the neurotransmission systems: dopaminergic neurotransmission
system (mainly DRD4 and dopamine transporter gene DAT1 or SLC6A3), serotoninergic
candidate genes (HTR2A, DDC, and MAOB), and noradrenergic genes (SLC6A2, ADRA1B).
Other neurotransmitter transporters, such as serotonin receptors HTR1B, HTR2A, and HTR2C;
adrenergic receptors ADRA2A and ADRA2C; and cholinergic receptor CHRNA4 were also
on the list of “hot genes”. In addition, common variants in 16 genes implicated in the control
of neurotransmitter release were evaluated [132], as well as a member of the cytokine family
of NTFs (CNTF), 10 genes encoding for four neurotrophins (NTF3, NTF4/5, BDNF, and NGF),
and their receptors (CNTFR, NGFR, NTRK1, NTRK2, and NTRK3) [133]. Other promising
genes: identification of the LPHN3 gene, a member of the latrophilin subfamily of G-protein-
coupled receptors involved in GABA-ergic neurotransmission. Furthermore, the influence of
gender factors such as neurosteroids has been of interest, as well as the STS gene.

The results from the five GWASs of ADHD published so far show 85 genes presenting single
nucleotide polymorphisms connected with ADHD at a p value <0.0001. Data showed that 45
out of the 85 top-ranked ADHD candidate genes encoded proteins pertaining to a neurode‐
velopmental pathway implicated in directed axonal outgrowth. SNPs with nominal associa‐
tions have been identified for several candidate genes such as CHRNA4, SYT1, ADRB2, DRD2,
HTR2A, SLC9A9, SLC6A2, TPH2, and BDNF. SLC9A9 seemed to be the most promising
candidate out of these findings [130]. Of the identified genes, some (i.e., BMP2, NRXN1,
SERPINI1, NAP5, NOS1, ZNF423, SERPINI1, ERK1, NEDD4L, and CTNNA2) are placed
within copy number variations and are therefore duplicated/deleted in ADHD patients.
Several network proteins are also directly modulated by stimulants, the most commonly used
psychopharmacological treatment for ADHD [134].

• Shared genetic susceptibility ADHD/ASD

Numerous family studies have revealed that relatives of patients with either ASD or ADHD
frequently display features of the other syndrome [91, 135, 136]. Twin studies have highlighted
that quantitative variation in the characteristic behaviors from these two disorders may share
genetic risk factors. According to twin studies, which used questionnaire-based data on ADHD
and ASD symptoms, about 50–70% of the co-variance of ASD and ADHD symptoms may be
explained by shared additive genetic factors [93, 137–139]. Presence of ADHD in the parents
can predict ASD in the offspring, but not conversely. Therefore, risk factors at the root of ASD
may overlay to a greater extent with ADHD risk factors than vice versa [140].

Even though genetic data support the notion of a shared genetic background for both types of
syndromes, not many GWA, candidate gene or linkage studies, have specifically investigated
ASD/ADHD co-occurrence. Nonetheless, they are providing some promising, loci SNPs and
pleiotropic genes [for review see 1, 83, 84].

• Linkage and candidate gene association studies: As potential-specific candidate genes for ADHD
(functional), variants predominantly in dopaminergic and serotonergic genes have been
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described [138, 141]. Several variants in candidate genes of ADHD have also been examined
for their potential association with ASD: variants in DAT1, DRD3, DRD4, catechol-O-
methyltransferase (COMT), and monoamine oxidase A (MAOA) [142]. Only DRD3 and
MAOA variants were nominally associated with ASD symptoms [84].

• Genome-wide association studies (GWAS): Interestingly, It has been recently discovered that
both rare variations and common polymorphisms in one single gene or  genetic  locus
bear  susceptibility  for  conditions up to  now thought  to  be etiologically  and clinically
distinct. Results of CNV studies supported evidence of a shared heritability in ADHD
and ASD.  In  ADHD cohorts,  CNV enrichment  was  observed  at  loci  linked  with  au‐
tism. Common genetic risk regions were reported for 1p36, 1q21.1, 15q11.2–q13.1, 15q13.3,
16p11.2,  and 22q11,  respectively,  and the genes  CNTN4,  SUMF1 (sulfatase  modifying
factor  1),  NLGN1,  AUTS2 (autism susceptibility  candidate  2),  UBE3A,  and DPP6 [for
review in detail see 81, 84]. ASD/autistic-like traits (ALTs) have been linked to polymor‐
phisms in  a  number of  genes  implicated in  synaptic  physiology in  the autism candi‐
date regions (RELN, CNTNAP2, SHANK3, and CDH9/10); however, these findings have
not been confirmed in all studies [143].

Thus, the possibility exists that the pathological pathways underlying ASD/ADHD share some
genetical background; for example, the serotonin transporter, 5-HTT, has been associated with
both conditions [144,145] and SNP (rs4307059), between the genes Cadherin 9 and 10 (CDH9
and CDH10), has been associated with ASD and social interaction impairment [143].

The results of exome sequencing studies support models of significant polygenicity for autism;
current studies may allow the identification of these genes and elucidation of the repercussions
of their products on brain physiology and development [for review see 2, 109, 112, 120, 146].
In light of research of the etiology of these traits, we may come to understand the high
heritability and co-heritability of both disorders. On the other hand, the results cannot rule out
that the same genotype may be expressed as a distinct ASD or ADHD phenotype [142].

4.2.2. Non-genetic biological risk factors

Although genetic contributions to autism and ADHD etiology are well accepted, the rising
prevalence and inconsistent findings from genetic studies suggest a role for interactions
between susceptibility genes and relevance of environmental factors for both disorders.
Compared with the magnitude of genetic studies in ASD and ADHD, non-genetic biological
risk factors besides the well-known male preponderance in both disorders have rarely been
studied. The relationship between sex/gender differences has also attracted a variety of
research [147,148].

Among the pregnancy-related risk factors that have been associated simultaneously with ASD
and combined ADHD diagnosis or symptoms, are toxic exposures and teratogens (as in the
use of valproic acid), maternal diabetes, pre-pregnancy obesity, pre-eclampsia, and viral or
bacterial infections; these, however, account for few cases. Similarly, studies on maternal
autoimmune disorders during pregnancy have reported different associated disorders
(psoriasis with ASD; thyroid antibodies with ADHD). Prenatal inflammation and prematurity
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must be mentioned, associated simultaneously with both ADHD and autism. [81]. A growing
body of literature suggests that certain modifiable risk factors such as maternal metabolic
syndrome and intake of certain vitamins such as vitamin D and folic acid either in utero or
early life, may be associated with increased risk of autism [24, 149].

Previous research has not been able to prove that administrations of the measles-mumps-
rubella vaccine were connected with the autism upsurge [23], but it has been suggested that
acetaminophen may mediate oxidative stress and neurotoxicity in autism [150, 151], and
exposure during pregnancy enhances the probability of appearance of ADHD-like behaviors
[152]. These are data from an ecological analysis, not considered optimal as evidence of
causality. Nonetheless, there is accumulating clinical and experimental evidence connecting
acetaminophen metabolism to biochemical routes known to be relevant for autism and related
developmental disorders. Taking into account both ecological and mechanistic evidence, the
role of acetaminophen in autism should be formally studied [153].

4.3. Common neurobiological substrates

The human brain is an organ of high biological complexity consisting of many different
regions, neural pathways and billions of functionally distinct cells. Moreover, it presents a very
complex, highly regulated development that extends for a prolonged period of time and
involves deep morphofunctional changes. These processes depend on appropriate gene
expression producing unimpaired mRNAs and proteins. Mutations altering gene products or
function may favor or lead to psychiatric or neurological disorders [154].

Current knowledge indicates a crucial role for the impairment of strictly regulated and well-
determined neurodevelopmental processes in NDDs, principally synapse formation and
remodeling and neuronal proliferation and migration, aside from configuration of the neural
network, causing impaired connectivity and neurophysiology. Furthermore, the epigenetic
mechanisms combined with genetic change may alter many of those developmental events
and pathways, thus affecting the vulnerability to, and recovery capacity from, NDDs. As a
consequence, disease entities such as ID, ASD, or ADHD that are currently categorically
defined, are beginning to be regarded as part of a continuum of neurodevelopmental disorders
caused by a large variety of cellular and molecular dysfunctions. As it is, the different types
of NDDs present a wide phenotypic variability that could be the result of the combination or
interaction of subjacent loss and/or gain of function characteristics [155].

4.3.1. Selective brain imaging findings

As we have already mentioned, the origin of ADHD and ASD is multifactorial, and both the
etiology and pathophysiology are as yet incompletely understood. The study of neuropsy‐
chological profiles across patients with ASD and ADHD has revealed similarities that, in turn,
provided evidence for shared neurobiological substrates. ADHD and autism have been
associated with prominent executive dysfunction that can derive from impairment within
fronto-parietal and fronto-striatal pathways. The prefrontal cortical circuit is in charge of "top-
down" regulation of motivation, inhibition/cognitive control, emotion, and attention via

ADHD - New Directions in Diagnosis and Treatment136



must be mentioned, associated simultaneously with both ADHD and autism. [81]. A growing
body of literature suggests that certain modifiable risk factors such as maternal metabolic
syndrome and intake of certain vitamins such as vitamin D and folic acid either in utero or
early life, may be associated with increased risk of autism [24, 149].

Previous research has not been able to prove that administrations of the measles-mumps-
rubella vaccine were connected with the autism upsurge [23], but it has been suggested that
acetaminophen may mediate oxidative stress and neurotoxicity in autism [150, 151], and
exposure during pregnancy enhances the probability of appearance of ADHD-like behaviors
[152]. These are data from an ecological analysis, not considered optimal as evidence of
causality. Nonetheless, there is accumulating clinical and experimental evidence connecting
acetaminophen metabolism to biochemical routes known to be relevant for autism and related
developmental disorders. Taking into account both ecological and mechanistic evidence, the
role of acetaminophen in autism should be formally studied [153].

4.3. Common neurobiological substrates

The human brain is an organ of high biological complexity consisting of many different
regions, neural pathways and billions of functionally distinct cells. Moreover, it presents a very
complex, highly regulated development that extends for a prolonged period of time and
involves deep morphofunctional changes. These processes depend on appropriate gene
expression producing unimpaired mRNAs and proteins. Mutations altering gene products or
function may favor or lead to psychiatric or neurological disorders [154].

Current knowledge indicates a crucial role for the impairment of strictly regulated and well-
determined neurodevelopmental processes in NDDs, principally synapse formation and
remodeling and neuronal proliferation and migration, aside from configuration of the neural
network, causing impaired connectivity and neurophysiology. Furthermore, the epigenetic
mechanisms combined with genetic change may alter many of those developmental events
and pathways, thus affecting the vulnerability to, and recovery capacity from, NDDs. As a
consequence, disease entities such as ID, ASD, or ADHD that are currently categorically
defined, are beginning to be regarded as part of a continuum of neurodevelopmental disorders
caused by a large variety of cellular and molecular dysfunctions. As it is, the different types
of NDDs present a wide phenotypic variability that could be the result of the combination or
interaction of subjacent loss and/or gain of function characteristics [155].

4.3.1. Selective brain imaging findings

As we have already mentioned, the origin of ADHD and ASD is multifactorial, and both the
etiology and pathophysiology are as yet incompletely understood. The study of neuropsy‐
chological profiles across patients with ASD and ADHD has revealed similarities that, in turn,
provided evidence for shared neurobiological substrates. ADHD and autism have been
associated with prominent executive dysfunction that can derive from impairment within
fronto-parietal and fronto-striatal pathways. The prefrontal cortical circuit is in charge of "top-
down" regulation of motivation, inhibition/cognitive control, emotion, and attention via

ADHD - New Directions in Diagnosis and Treatment136

connections with posterior cortical and subcortical nuclei. Inferior and dorsolateral prefrontal
cortex (PFC) modulate cognitive/inhibitory control and attention, while ventromedial and
orbital nuclei regulate affect and motivation. PFC pathways are highly sensitive to neuro‐
chemical conditions, and even modest variations in their neurotransmitter environment (e.g.,
pharmaceuticals) may cause big effects on their functioning [82, 83].

Neuroimaging work with children with neurodevelopmental syndromes has revealed brain
functional and structural impairments in specific pathways regarding this organization [156].
The majority of MRI works investigate just one of the conditions at a time. Several meta-
analyses [157–159] have reported decreased brain volume for ADHD patients in most of the
studies examined. The main regions affected by volume reductions in ADHD patients were
the caudate nucleus, putamen, globus pallidus, and lentiform gyrus. A decrease in total brain
volume and grey matter has also been reported in ADHD subjects when compared with
standard development control individuals.

It should be pointed out that the development of brain volume alterations differs between ASD
and ADHD. In ASD individuals, the brain seems to undergo an accelerated growth stage
during the first four years of life, until achieving a plateau level similar to standard develop‐
ment around puberty. However, this is succeeded by a decrease in brain volume towards
adulthood in comparison with standard development controls. It is also noteworthy that
younger children with autism (2–3 years old) show an increase in white matter (WM) greater
than an increase in grey matter (GM) (18% more WM in the cortex and 38% more WM in the
cerebellum). This increment in WM found in young children is inverted in 12–16-year-olds
with autism whose WM volume is decreased when compared with healthy children [160].
Histopathological analyses have shown that children with autism present an excessive number
of neurons in the prefrontal cortex, indicating impairment in prenatal development that can
be accompanied by abnormal laminar development and dysmorphic cell types. Qualitative
neuropathological developmental changes in 92% of autistic individuals reveal multiregional
impairment of maturation, neuronal migration, and neurogenesis in autism, which could be
an additional source of heterogeneity in their clinical phenotype [161]. Recent data support a
likely failure in the regulation of layer-specific neuronal differentiation and layer formation
during the antenatal brain developmental period [162]. Although many cell types and brain
areas can be damaged, the main effect of ASD related mutations seems to be on the medium
spiny neurons of the striatum and cortical pyramidal neurons and interneurons, suggesting
the involvement of corticostriatal and cortical pathways [127].

It seems likely that ASD represents a disorder with more general abnormalities and atypical
connectivity compared to ADHD. Functional and structural brain connectivity studies in
individuals with these conditions have provided initial evidence regarding apparent overlays
in the neuroanatomy of the syndromes. Nonetheless, data have not been consistent across
studies, which could explain both the convergent and divergent clinical and behavioral
manifestations.

A structural MRI study [163] in 15 children and adolescents with ASD, 15 age-matched ADHD
patients and 15 healthy peers described several brain volume variations across both patient
groups relative to the control, such as increased GM volume in the left inferior parietal cortex
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and a decrease in GM in the left medial temporal lobe. Furthermore, they also found an
increment in GM volume in the right supramarginal gyrus that was specific for autism. By
contrast, Ray et al. [164] suggested that ASD and ADHD display differential large-scale
connectivity patterns in intermediate childhood. The ADHD group showed reduced func‐
tional connectivity and generalized fractional anisotropy (GFA) inside the rich-club networks,
but elevated correlation coefficient values and number of axonal fibers outside the rich-club.
Other studies have also identified implication of sub-cortical arousal systems and fronto-
parietal attention networks in ADHD pathology, as well as prefrontal cortex malfunction in
children with HFA [165].

In a comorbidity study, increasing ASD scores in ADHD were associated with greater GM
volume compared with the typically developing population [166]. Recent work by Geurts et
al. [167] has found that volume variations in some specific brain areas are often associated with
the severity of ASD and ADHD symptoms. Volumetric changes in the left inferior frontal gyrus
GM were associated with symptom severity in both conditions. Variations in the left posterior
cingulate GM volume appeared to be ASD specific, whereas the bilateral thalamus, left
hippocampus/amygdala complex, right temporal frontal cortex, and right parietal lobe seemed
to be specifically correlated with ADHD symptom severity This work suggest that ASD and
ADHD constitute a continuum expanding into the broad population. Nonetheless, the
conclusions were marred by the fact that the directions of the brain-behavior relationships
lacked consistency across regions when compared to previous clinical reports.

4.3.2. Neurotransmitter systems

• Catecholaminergic pathways: The catecholaminergic pathways have been a usual focus for
ADHD neurobiological research on ADHD since they represented the principal target for
drug treatments. The neurotrophic factors (NTFs) participate in synapses formation,
neuronal survival, and neurodevelopment, whereas the dopaminergic and serotoninergic
systems are implicated in neurotransmission, cortical organization, and brain maturation.
The “monoamine deficit-hypothesis” of ADHD postulates an imbalance in the interaction
of the neurotransmitters dopamine, noradrenaline, and serotonin. The neurotrophic factors
as well as the neurotransmitter systems are thought to be good candidates for ASD and
frequent allelic variants in the dopamine decarboxylase (DDC) gene may be connected with
susceptibility to autism [142].

Notwithstanding, more basic and distal neuronal mechanisms connected with cell function‐
ality and morphology could also play a role, possibly providing an explanation for the
coexistence of both specific and diffuse impairment in brain activation patterns and structure
[for review in detail see 168]. For both disorders (ADHD/ASD), the association with the
serotonergic system is a focus of current research [169].

• The imbalance of excitatory/inhibitory neurotransmitters: Excitotoxicity, oxidative stress,
and impaired mitochondrial function are mechanisms that potentially serve as convergence
points for these genetic, environmental and immunological risk factors in both disorders.
A balance between excitatory glutamate and inhibitory GABA neurotransmitter is essential
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frequent allelic variants in the dopamine decarboxylase (DDC) gene may be connected with
susceptibility to autism [142].

Notwithstanding, more basic and distal neuronal mechanisms connected with cell function‐
ality and morphology could also play a role, possibly providing an explanation for the
coexistence of both specific and diffuse impairment in brain activation patterns and structure
[for review in detail see 168]. For both disorders (ADHD/ASD), the association with the
serotonergic system is a focus of current research [169].

• The imbalance of excitatory/inhibitory neurotransmitters: Excitotoxicity, oxidative stress,
and impaired mitochondrial function are mechanisms that potentially serve as convergence
points for these genetic, environmental and immunological risk factors in both disorders.
A balance between excitatory glutamate and inhibitory GABA neurotransmitter is essential
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and critical for proper development and functioning of the brain. GABAergic (gamma
aminobutyric acid) and glutamatergic interneurons maintain excitability, integrity, and
synaptic plasticity. Glutamate is the principal excitatory neurotransmitter in the central
nervous system. Glutamate hypersecretion as well as hyperactivity of its NMDA and AMPA
receptors are known to produce excitotoxicity via the activation of enzymes that injure
cellular components and alter membrane properties and electrochemical gradients [170].
Many synaptic protein genes are linked to the pathogenesis of ASDs, making them proto‐
typical synaptopathologies. For excitatory glutamatergic and inhibitory GABAergic
synapses, neurexins (trigger postsynaptic differentiation), and neuroligins (trigger presy‐
naptic differentiation) play a pivotal role in synaptic function, especially at GABAergic
synapses. Several works have implicated relative loss of inhibitory GABA with correspond‐
ing glutamate-mediated hyper-excitation in the development of ASD and ADHD, which
might resemble a common pathological mechanism for these developmental disorders [171].

• Neurosteroids: Increasing evidence shows gender differences in the clinical manifestations
and pathology of a number neurodevelopmental syndromes, including ADHD and ASD,
likely via the effects of sex hormones during critical stages of brain development. Moreover,
neuroactive steroids are known to be involved in modulation of neuronal excitability,
synaptogenesis, spinogenesis, as well as neuroprotection through binding GABA A-type
receptors [172]. Symptoms of cognitive and attention-related deficits have been observed in
boys with X-linked ichthyosis caused by a mutation at the STS gene [173]. The STS gene can
be found on the distal part of the short arm of the X chromosome (Xp22.3-pter), and a higher
prevalence of ADHD in boys than in girls is characteristic of the disorder. This gene is
responsible for conversion of the sulfated form of dehydroepiandrosterone (DHEA), known
as DHEA-S, to DHEA. Neurosteroids are important neuroactive substrates with demon‐
strated involvement in ADHD, with significant inverse correlations between levels of both
DHEA and pregnenolone and clinical symptomatology [174]. It is interesting to note that
the STS gene escapes X-chromosome inactivation, thus a possible differential influence on
ADHD in girls should also be considered in future studies.

5. Impact of comorbid ADHD and ASD: A continuum?

Research on co-occurring ADHD and ASD has been limited by diagnostic restraints, since
according to DSM-IV, many works have excluded subjects with more than one developmental
or psychiatric disorder [175]. The study conducted by Sinzig et al. [176], reveals a large
phenotypic overlay between ADHD and ASD. The two identified subtypes, hyperactive-
communication impaired and inattentive-stereotyped, follow the DSM classification and could
be the manifestation of two distinct neurochemical circuits—dopaminergic and serotonergic
—involved in the disorders. In view of this, the division of ASD into two-dimensional scales
of social-communication and RRB dimensions, and of ADHD into inattentive and hyperactive-
impulsive symptoms has high significance for the classification of developmental conditions.

The debate continues in the literature regarding the clinical implications of these findings;
some authors believe that co-occurring symptoms indicate the existence of two distinct
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syndromes with a common etiology [177], whereas other researches argue that these conditions
are better explained as part of one ample spectrum, extending from moderate (ADHD) to more
serious (ASD) disability [82]. There is accumulating evidence indicating that ASD and ADHD
are at both ends of a continuum, instead of being different entities [139, 178, 179]. It is especially
important to establish the diagnosis of co-occurrence of both entities, since symptoms such as
limited attentional bias toward people in early development is expected to have deleterious
consequences on the appearance of social interaction patterns and the maturation of brain
social networks. Further research into the underlying substrates of decreased social attention
and its role in the psychopathology of ASD in the first year becomes necessary [57].

6. Therapeutic interventions for co-occurring ADHD and ASD

Recent findings associate co-occurrence of ASD and ADHD in children with poorer quality of
life and decreased adaptive functioning in comparison with data from children suffering from
ASD only. Adolescents diagnosed with both ASD and ADHD appear to need psychiatric
medication more frequently (58%) than young people with ASD (34%) or ADHD (49%) alone.
Moreover, co-occurrence of ASD and ADHD seems to make individuals less sensitive to
current therapies for either condition than patients with only one of the syndromes [180, 181].
Only a few specific studies on a targeted treatment for children, adolescents, and adults with
comorbid ADHD and ASD have been performed to date. The improvement of current
treatments will require a better understanding of the mechanisms underlying co-occurrence
of ASD and ADHD (for review see 1, 81, 82, 175, 182].

6.1. Psychoeducational/behaviorallybased interventions

ASD/ADHD should allow for more targeted interventions. Parent-mediated interventions can
be markedly effective during early infancy, since parental behavior influences both social-
communicative learning and the development of executive functions [183]. The identification
of common protective factors could be of pivotal importance, since interventions targeting
those factors would apply to a wide spectrum of conditions. Furthermore, determining which
early risk factors are responsible for cascade effects and which are a mere reflection of the
pathological process could be important for identifying the main intervention targets [85]. In
preschool children with ASD, the treatment of choice is behaviorally-based early intervention
[184, 185]. Likewise, in older schoolage children with ASD, autism-specific social skills training
leads to improved social responsiveness [186–188]. Still, despite this treatment intensity, not
all children with ASD improve with therapy [189].

By contrast, in a Cochrane Database review of randomized trials studying social skills training
for children with ADHD as a standalone therapy or as a complement to pharmacological
treatment, the data suggest that there is not enough evidence either to support or refute social
skills training for youths with ADHD [190]. In this sense, another meta-analysis [191] compares
effect-sizes of psychosocial treatments and methylphenidate and their combination on ADHD,
academic functioning, concurrent conduct and oppositional symptoms, and social behaviors.
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Both psychosocial treatments and methylphenidate are effective in decreasing ADHD
symptoms. However, psychosocial treatment renders more modest results than the other two
treatments, and adds no further benefit to methylphenidate for the improvement of teacher-
rated oppositional defiant disorder symptoms and ADHD.

In a recent study to evaluate the influence of psychiatric comorbidity on social skill treatment
effects in children with ASDs, it was found that while children with ASD and comorbid
symptoms of anxiety improved by social skills training, children with ASD and comorbid
ADHD did not [180].

6.2. Pharmacological interventions

The clinical impairments associated with ASD are often difficult to alleviate, and are increas‐
ingly managed using pharmacologic interventions. While core symptoms of communication
deficits and circumscribed interests are difficult to address with medication, other clinical
impairments are often targets of treatment, including comorbid anxiety, difficulty with
sustained attention, aggressive behaviors, sleep disturbances, and stereotypic movements [for
review see 175, 192, 193].

The only medical treatments passed by the United States of America Food and Drug Admin‐
istration (US FDA) for ASD are the antipsychotic drugs risperidone (Risperdal) and aripripa‐
zole (Abilify). However, these pharmaceuticals only address one symptom connected with
ASD, irritability, but none of the core ASD symptoms, and treatments for ASD remain limited.
Despite the lack of extensive evidence and unclear effectiveness, examination of prescribing
patterns for youth with ASD reveals that pharmacotherapy is very common, and many other
medications may be prescribed off-label. The strongest evidence for a positive effect comes
from noradrenergic reuptake inhibitors, alpha-adrenergic agonists, antipsychotics, and
psychostimulants [193]. Further work is necessary to determine subgroups of children with
ASD in which these treatments would be most effective and confirm their efficacy in double-
blind, placebo-controlled large-scale multicenter studies.

6.2.1. Antipsychotic medications

The effectiveness of risperidone and aripripazole for irritability associated with autism is
supported by several articles reviewing the literature. All conclude that the data supporting
effectiveness is strong, while cautioning that behavioral intervention should be tried first, and
that side effects including metabolic abnormalities, weight gain, and potential for extrapyra‐
midal side effects warrant caution in their use [192].

6.2.2. Antiepileptic drugs (AEDs)

The impairments in gains of GABAergic transmission could also justify the very high preva‐
lence of epilepsy in autistic patients (about 25%) [194] with respect to the average prevalence
of 1% in the general population [195]. Moreover, up to 20–25% of subjects with PDD without
epileptic paroxysmal clinical manifestations may present EEG abnormalities, mainly during
night polygraphic recordings. A recent large-scale study revealed that ADHD in children is
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often accompanied by epilepsy; about half (48.3%) of the children with ADHD had abnormal
EEG findings and 22.1% of them had epileptiform discharges [196]. Regression in PPDs
associated with seizures and epileptiform electroencephalogram correlates have been report‐
ed. [197]. Cases of complete recovery or significant improvement following the use of AEDs
such as valproate, ethosuximide, clobazam, oxcarbazepine, sulthiame, levetiracetam, topira‐
mate, or lamotrigine in ASD have been reported. It is speculated that the suppression of
subclinical epileptiform activity by the early use of AEDs can reverse the changes in behavior,
cognition, and language in these patients and, in a similar way, could improve the semiotic
nucleus of ASD. Overall, there are few studies and limited evidence for the use of antiepileptic
mood stabilizers in improving symptoms of ADHD in children with PDDs and the positive
studies in ASD are all uncontrolled. Despite some positive carbamazepine studies in typically
developing children, clinical use of these agents for ADHD symptoms in children with PDDs
must be considered a personal experiment and should be guided by clinical data [193]. An
electroencephalogram (EEG) is recommended in young children with ASD or ADHD, and can
help confirm whether a child is having seizures. But even if they are not having seizures, these
children may have abnormal EEGs, and additional antiepileptic drug treatment is advisable.

6.2.3. Psychostimulant medications

• Methylphenidate: Psychostimulant medication, most commonly the catecholamine agonist
methylphenidate (Ritalin®) and OROS-methylphenidate (Concerta®), is the safest and most
effective treatment for people with ADHD. The prevalence of stimulant treatment in youth
with ASD is 16% [198]. Methylphenidate's mechanism of action implicates the inhibition of
catecholamine reuptakes; it acts by arresting the norepinephrine and dopamine transport,
leading to elevated concentrations of norepinephrine and dopamine in the synaptic cleft.
Methylphenidate is also a 5HT1A receptor agonist. The fMRI analysis showed that meth‐
ylphenidate significantly enhanced activation in the bilateral inferior frontal cortex/insula
during inhibition and time discrimination but had no effect on working memory networks
[199]. These areas of the brain are fundamental to cognitive control and the most replicated
neurocognitive dysfunctions in ADHD occur here.

Methylphenidate is clearly effective in treating children with ASD and hyperactive symptoms
or comorbid ADHD, but a lower daily dose is generally required [200]. However, not all
children with ASD benefit from methylphenidate treatment and those who respond present
more side effects than children with ADHD. A recent review of randomized and non-
randomized trials concluded that, after careful symptom assessment, treatment of comorbid
ADHD symptoms with stimulant medication is indicated for youth with ASD [201].

All in all, the stimulants tend to produce highly variable responses in children with PDDs and
ADHD symptoms. Such responses range from substantial improvement with minor side
effects to more problematic behavior and physical and/or behavioral side effects. Given what
we know, stimulants would still be a reasonable first therapeutic choice for previously-
untreated children with PDDs and uncomplicated ADHD, even though they do not work as
well, on average, as they do in typically-developing children. Any side effects should be
reversible on discontinuing the drug. Clinicians should be candid with parents about the lower
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likelihood of a positive clinical response and elevated risk of adverse events. Treatment should
proceed with low initial doses, small dose increments, and a data-based approach. Both
clinicians and parents should be prepared to stop the trial if there is clear evidence of behavioral
deterioration and/or unacceptable adverse events [193].

• Lisdexamfetamine dimesylate (LDX) is a once-a-day medication passed by the US FDA as
a possible treatment for ADHD management in children (6–12 years of age) as well as in
adults [202]. It is generally employed in children and adolescents with an inadequate
response to methylphenidate (MPH) treatment, but to date, there are no studies of its use
in ASD.

6.2.4. Nonstimulant Medications

• Noradrenergic reuptake inhibitor:Atomoxetine (Strattera®). There is some evidence for
effectiveness of non-stimulant ADHD medications in youth with ASD. They also alleviate
ADHD symptoms in both disorders; with one randomized controlled trial [203] each for
atomoxetine, which showed superiority over placebo. Generally speaking, methylphenidate
and atomoxetine present similar efficacy and the same acceptability in treating children and
youths with ADHD. Nonetheless, OROS-methylphenidate seems more effective than
atomoxetine and can be considered as first line treatment of ADHD in children and
adolescents [204].

• Alpha2 Adrenergic Agonists: Clonidine and guanfacine act on α2-adrenergic presynaptic
receptors to inhibit noradrenergic release and synaptic transmission. Guanfacine has a
longer action than clonidine. Guanfacine is an alpha-2 adrenergic agonist traditionally
employed for hypertension treatment that has been recently approved to treat ADHD as an
extended release formulation. Ituniv® (Shire; Dublin, Ireland) can be used both alone and
together with stimulants for the treatment of children with ADHD [205]. Several studies
report positive results for guanfacine treatment in children with co-occurring ADHD and
ASD symptoms. Reduction in hyperactivity and inattention among cognitively higher-
functioning (i.e., not cognitively- impaired) children with ASD was found in a retrospective
analysis of 80 clinical patients [206]. Similarly, in an open trial studying children for whom
methylphenidate was previously unsuccessful, guanfacine had positive effects on parent-
and teacher-rated hyperactivity [207].

• Selective serotonin reuptake inhibitors (SSRIs): Although fluoxetine (Prozac) seemed to
be beneficial for some autism symptoms, the increase in hyperactivity may be a limiting
factor. A Cochrane Review concluded that there was no systematic evidence to support the
use of SSRIs to treat ASD [208].

• Cholinesterase Inhibitors: Donepezil, Galantamine, andRivastigmine Tartrate. To date,
there is no compelling argument for advocating cholinesterase inhibitors for treating either
the secondary symptoms or the core features of autism. Rigorous exploratory studies are
needed. Galantamine can be of possible benefit for interfering behaviors in children with
PDDs, although there was no indication of benefit for ADHD symptoms [209].
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• NMDA receptor Antagonists:

• Amantadine, which impacts the N-methyl-D-aspartate (NMDA) receptor, may act by
limiting excitotoxicity of the glutamatergic neurotransmitter system. This receptor class is
thought to be essential for modulating synaptic plasticity and represents a new class of
pharmacologic targets with the potential to impact neurophysiologic and cognitive func‐
tioning. One RCT of amantadine treatment in youth with ASD found improved control of
irritability and hyperactivity [210], and another reported beneficial effects for ADHD [211].
Although amantadine is not commonly used, it may be considered when other treatments
do not provide adequate symptom control, particularly for distractibility and hyperactivity
[192].

• Memantine is an NMDA antagonist that is thought to preserve neuronal function. It
selectively blocks the excitotoxic effects associated with abnormal glutamate transmission
by modulating calcium channels. Treatment with memantine is clearly experimental at this
time.

• Antioxidants: Oxidative stress and antioxidants can participate in pathobiochemical
mechanisms of autism. Chemicals standardly employed for mitochondrial disorder
treatment have been shown to alleviate both core and associated ASD symptoms [for review
see 212, 213]. Two DBPC studies employing a multivitamin complex containing antioxi‐
dants, co-enzyme Q10, vitamin E, and B vitamins showed several improvements in ASD
symptoms when compared to placebo administration [214, 215]. Several other antioxidants,
including vitamin C [216], methylcobalamin and folinic acid [217–219], N-acetyl-l-cysteine
[220–222], ubiquinol [223], and L-carnosine [224], have also caused significant progress in
ASD behaviors and may work to enhance mitochondrial function without causing adverse
effects; therefore, they could be recommended in younger children.

• Bioactive lipid mediator: Many animal and clinical studies have shown the relevance of
long-chain polyunsaturated fatty acids (LCPUFA) in neurodegeneration and neural
development [225]. Increasing evidence indicates that altered fatty acid metabolic pathways
as a result of insufficient dietary supplementation or genetic defects, may affect proper
function of the nervous system and contribute to ASDs [226]. Many reports have connected
ROS-mediated damage with cell membrane loss of integrity and the consequent elevation
of intracellular Ca2+, which, in turn, stimulate a number of Ca2+ dependent enzymes such as
phospholipases and PKC, damaging membranes directly and initiating the production of
lipid mediators, including arachidonic acid and platelet-activating factor (PAF).

• Omega-3 fatty acids may improve ADHD symptoms, but large randomized-controlled
studies need to be done [227]. A recent Cochrane Review did not find any evidence of effects
of Omega-3 fatty acids in ASD [228].

• Citicoline (cytidine diphosphate-choline): Although the exact mechanisms by which
citicoline produces its neuroprotective effects are unknown, the suggested mechanisms that
may explain the neuroprotective actions of citicoline include stimulation of phosphatidyl‐
choline synthesis, prevention of fatty acid release, restoration of Na+/K+-ATPase activity,
increase of glutathione synthesis and glutathione reductase activity, antiglutamatergic
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effects, and preservation of cardiolipin and sphingomyelin levels. Additionally, studies
indicate that citicoline supplements elevate dopamine receptor concentrations, and choli‐
nergic neurotransmission, and may possibly be useful in the treatment of ADHD [229, 230].

The relationships between betaine, choline, and energy metabolism in the human species
suggest new roles for those molecules. These novel functions may surpass the role of nutrients
in gene methylation (epigenetic control.) Research simulating methyl-deficient diets has
shown impairment in liver protein synthesis and energy metabolism, as well as muscle
disorders and fatty liver. Altered levels of total homocysteine (tHcy) in plasma are a good
example of how metabolism can be affected by methyl group deficiency or nutrient supple‐
mentations. Both elevation of tHcy and hypomethylation can be reduced if either betaine or
choline is available [231].

Citicoline given to youth with ASD led to increased control of hyperactivity, reduced attention
deficit and improved communication skills in some children [173]. The use of citicoline in
young children (prior to three years), followed by methylphenidate after three years, may be
an alternative treatment for community pre-schoolers with ASD.

• Other Agents:

• Oxytocin has also received attention as a potential treatment for ASD. A recent editorial
cautioned against premature clinical use as a treatment modality until more research is done
to elucidate long-term implications and potential side effects or problems [232].

• Opiate Blockers: Several studies of naltrexone were conducted in children with autism,
usually with the hope of reducing its core features. No consistent effects were found for
autism symptoms. However, what is intriguing is that in all of these studies, reductions in
hyperactivity were observed, an often unanticipated finding [211].

• Sleep medication: Consistent positive effects for melatonin and clonidine were found in
autism. However, given the limited data available, a recent review suggested that the most
prudent initial course is to formally evaluate patients for sleep disorders, without clear
support for any one particular sleep medication [233].

7. Conclusion: Implications for future research

In light of the new DSM-5 criteria, which allow a dual diagnosis of ASD and ADHD behaviors,
further investigation into clinical overlap of these two conditions will possibly enhance our
understanding of the etiology/genetics factors and common metabolic pathways of these
disorders, and of the appropriate sequence of therapeutic interventions and pharmacological
treatment for their co-occurrence, particularly in early preschoolers. It remains to be seen
whether early intervention could change the course of “ASD in statu nascendi”, interpreted
as a continuum with other NDDs such as ADHD or SCD of less than severe character.
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8. Nomenclature/abbreviations

AD: Autistic disorder

ADHD: Attention-deficit/hyperactivity disorder

AS: Asperger syndrome

ASD: Autism spectrum disorder

DSM: Diagnostic and statistical manual

HFA: High-functioning autism

GM: Grey matter

NDD: Neurodevelopmental disorders

PFC: Prefrontal cortical circuit

PDD: Pervasive developmental disorder

PDD-NOS: Pervasive developmental disorder-not otherwise specified

RRBs: Restricted repetitive behaviors, interests, and activities

SCD: Social (pragmatic) communication disorder

SNV: Single nucleotide variants

WM: White matter
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RRBs: Restricted repetitive behaviors, interests, and activities

SCD: Social (pragmatic) communication disorder

SNV: Single nucleotide variants

WM: White matter
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Abstract

In recent years, deficit in executive function has been noted as a core symptom of

attention deficit hyperactivity disorder (ADHD). Previously, with the aim of

quantitatively assessing the characteristics of children with ADHD from the view‐

point of inhibition among executive functions, we have considered behavioral and

frontal brain functions with regard to inhibition vis a vis color word interference. In

this study we also undertook additional collections of data at a number of facilities

and investigated usefulness as a differential diagnosis aid. A total of 38 ADHD

children and 46 typical developing children, matched in terms of age, gender,

dominant arm and non-verbal intelligence, were the subject of analysis in this study.

Utilising a Reverse Stroop Task (RST), we measured prefrontal area activity during

task performance with near-infrared spectroscopy (OEG-16). Results were: 1)

Behavioral results: in the RST, the ADHD children recorded a higher rate of interfer‐

ence than the TD children. 2) Brain activity: as regards brain activity during the RST,

right lateral prefrontal activity was significantly lower in the ADHD children than in

the TD children. These results suggest that RST results and changes in brain activity

during task performance allow quantitative assessment of the clinical symptom of

ADHD.

Keywords: attention-deficit hyperactivity disorder, executive function, frontal lobe

function, near-infrared spectroscopy (NIRS), children
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1. Introduction

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder, which
specifically affects behaviour. Until the publication of the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision (DSM-IV-TR), ADHD was classified as a
disruptive behaviour disorder, alongside oppositional defiant disorder and conduct disorder.
In the most recent version, the fifth edition of the DSM (DSM-5), ADHD has been re-classified
as a neurodevelopmental disorder, alongside autism spectrum disorders (ASD) [1]. As this
change shows, in the past, the focus of ADHD was on antisocial and non-adaptive problem
behaviours. Currently, however, ADHD is classified as one distinct type of developmental
disorder, based on the assumption of a dysfunction in the brain. Thus, the focus is now on a
more central cause. In addition, while the DSM-5 does not present any major changes,
compared to the DSM-IV-TR, in terms of diagnostic criteria for ADHD, the age of manifestation
was revised from 7 years old to 12 years old. Thus, the DSM-5 emphasizes ADHD as a
developmental disease, which can afflict both adolescents and adults.

2. Deficits in executive functions as the core symptom of ADHD

Attention deficit and hyperactivity/impulsivity are cited as the primary clinical symptoms of
ADHD [1]. Several studies have suggested that the core symptom is a deficit in executive
functions [2]. Executive functions, which are related to high-level cognitive and behavioural
control, are cognitive functions that are necessary in order to effectively accomplish human
goal-oriented activities. The neural basis of these functions is generally considered to be located
in the prefrontal cortex [3, 4]. For example, achieving the goal of “get to school by 9:00 AM”
entails going directly to school, while suppressing the impulses to look in a display window
of a toy store along the route to school and play with friends.

Based on recent developments in cognitive psychology, various theoretical models of execu‐
tive functions have been proposed. There are two main models: a simple model, which asserts
that executive functions are simple functions, and a complex model, in which executive
functions are divided into multiple elements [5, 6]. With regard to the latter model, based on
the results of a series of cognitive tasks, Miyake et al. reported that the three crucial components
of executive functions are “inhibition”, “attention shifting”, and “updating (working memo‐
ry)” [6]. Of these three, it is suggested that the clinical symptoms of ADHD strongly relate to
“inhibition” in particular [4, 7, 8]. This function is necessary for intentionally inhibiting
inappropriate and predominant behaviours in a given situation. Typical tasks for assessing
this function include the Stroop test and the reverse Stroop test [8, 9]. The former test assesses
the inhibition of Stroop interference. Stroop interference refers to the interference that occurs
when receiving incongruent information regarding a colour and its name. In a Stroop test,
when the word “yellow” is written in red, the correct answer is the colour in which the word
is written (in this case, red). Providing this answer results in interference from the meaning of
the word, known as semantic interference. In the latter reverse Stroop test, the correct answer
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functions [2]. Executive functions, which are related to high-level cognitive and behavioural
control, are cognitive functions that are necessary in order to effectively accomplish human
goal-oriented activities. The neural basis of these functions is generally considered to be located
in the prefrontal cortex [3, 4]. For example, achieving the goal of “get to school by 9:00 AM”
entails going directly to school, while suppressing the impulses to look in a display window
of a toy store along the route to school and play with friends.

Based on recent developments in cognitive psychology, various theoretical models of execu‐
tive functions have been proposed. There are two main models: a simple model, which asserts
that executive functions are simple functions, and a complex model, in which executive
functions are divided into multiple elements [5, 6]. With regard to the latter model, based on
the results of a series of cognitive tasks, Miyake et al. reported that the three crucial components
of executive functions are “inhibition”, “attention shifting”, and “updating (working memo‐
ry)” [6]. Of these three, it is suggested that the clinical symptoms of ADHD strongly relate to
“inhibition” in particular [4, 7, 8]. This function is necessary for intentionally inhibiting
inappropriate and predominant behaviours in a given situation. Typical tasks for assessing
this function include the Stroop test and the reverse Stroop test [8, 9]. The former test assesses
the inhibition of Stroop interference. Stroop interference refers to the interference that occurs
when receiving incongruent information regarding a colour and its name. In a Stroop test,
when the word “yellow” is written in red, the correct answer is the colour in which the word
is written (in this case, red). Providing this answer results in interference from the meaning of
the word, known as semantic interference. In the latter reverse Stroop test, the correct answer
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is the word itself (yellow). Providing this answer results in interference from the colour (colour
word interference). Both tests use oral responses and matching responses. Oral responses
indicate the fluency and accuracy of reading aloud, while matching responses assess the
accuracy and speed of selection by means such as pointing. With oral responses, the reverse
Stroop effect (colour word interference) seldom occurs, compared to the Stroop effect (semantic
interference). Therefore, reports of the reverse Stroop effect are extremely rare and the
development process of its neural basis has yet to be reported. However, in contrast to oral
responses, matching responses, in which the subject must select the colour of the word written
from among a patch of multiple colours (for example, if the word “red” is written in green, the
correct answer would be to point to red), are known to produce reverse Stroop interference
[10-12]. Some researchers have indicated that, when a reverse Stroop test is performed on
children with ADHD or ADHD tendencies, an ADHD-associated specificity, which is not seen
in a Stroop test, is observed [13, 14].

Another typical assessment of inhibition is the Go/No-go task. This cognitive task assesses
inhibition by asking subjects to either perform an appropriate action (Go response) or to
appropriately withhold a response (No-go response), in accordance with a situation. One
previous study compared children with ADHD to typical developing (TD) children, while
another compared children with ADHD before and after medication [15, 16]. In the former
test, the children with ADHD demonstrated poorer outcomes in No-go responses than the TD
children. In the latter test, increased activity was observed in the right prefrontal cortex,
following medication.

Another study has reported on the link between symptoms of ADHD and deficit in working
memory, which is an element in executive function. Westerberg et al. have stated that the
difference in outcomes of non-verbal working memory tasks between TD children and
children with ADHD tend to increase with age [17].

These studies suggest that clinical symptoms of ADHD are strongly associated with the
executive functions of inhibition and working memory.

3. Brain function measurements for children with ADHD

As can be seen from the English listing of “neurodevelopmental disorder” in the DSM-5, the
main cause of developmental disorders, including ADHD, is generally considered to be brain
function specificity [1]. Thus, in order to aid differential diagnosis of ADHD and assess ADHD
before and after intervention, methods for quantitatively measuring brain function are called
for. However, many children with ADHD present with hyperactivity and other behavioural
problems, which easily result in artefacts that are caused by the child’s movement during
measurement. Therefore, as it is usually difficult to measure while the child is awake, assess‐
ment tools, such as functional magnetic resonance imaging, can only be used when the child
is asleep. Of the currently existing testing modalities, near infrared spectroscopy (NIRS) can
measure cerebral blood flow even when the head is moving. It is, therefore, capable of reflecting
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the function of the prefrontal cortex, which is the seat of executive function. Thus, NIRS is well
suited for measuring the brain function in children with ADHD.

As previously stated, a number of previous studies have examined inhibition in ADHD.
However, there is a dearth of studies on brain function, particularly involving children, which
address the differences in results between tasks or support disorders. Therefore, we used the
Stroop test (ST) and the reverse Stroop test (RST) in order to assess executive functions,
particularly functions that are related to the inhibition of interference (Figure 1).
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Figure 1. Schematic illustration of the protocol for the neutral condition of the Stroop task (A), incongruent condition
of the Stroop task (B), neutral condition of the reverse Stroop task (C) and incongruent condition of the reverse Stroop
task (D).
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We began our research with the objective of determining the specificity of brain function
in children with ADHD [7].  In particular,  we also examined children with autism spec‐
trum disorders (ASD), which are considered difficult to differentially diagnose from ADHD,
and attempted to abstract differences in the developmental disorders. The subjects were 10
children with ADHD (age: 11.2±2.2), along with 15 TD children (age: 9.6±1.5) and 11 children
with ASD (age: 10.5±2.3),  who were matched with the children with ADHD in terms of
age, sex, intelligence, and verbal capacity (p>0.1).  The ST and RST were conducted with
touch  panels  and  matching  responses.  During  both  tasks,  an  NIRS  device  (OEG-16;
Spectratech, inc. Japan) was mounted over the prefrontal cortex in order to measure the
changes in cerebral blood flow (Figure 2).

Figure 2. Experimental settings. The NIRS probe was attached to the prefrontal area. The centre of the probe matrix
was place on Fpz (International 10-10 system).

We found no differences among the three groups in the ST (p>0.1). However, in the RST, in
comparison with the TD children, the children with ADHD demonstrated behavioural
abnormalities, i.e., a higher rate of interference (p<0.01) and a greater number of incorrect
responses (p<0.05). Furthermore, with regard to changes in brain activity during the RST, the
children with ADHD demonstrated lower activation of the prefrontal cortex than the TD
children (p<0.05). In addition, the ADHD group demonstrated a tendency towards a negative
correlation between brain activity and severity of attention deficit, which were evaluated by
the Japanese versions of the Swanson, Nolan and Pelham, version-IV Scale (SNAP- IV) [18]
(r=-0.60, p=0.07). These results demonstrated that inhibition of colour word interference is
diminished in ADHD children. In addition, the weakness of interference inhibition was
suggested to be associated with the severity of attention deficit and affected by the low activity
level of the prefrontal cortex.

We also accumulated additional data from multiple institutions in order to investigate the
usefulness of NIRS as a differential diagnosis aid. The subjects of this examination were 38
children with ADHD (age: 10.4±2.3, 12 children taking medication) and 46 TD children (age:
10.2±1.7), matched in terms of age, sex, dominant arm and non-verbal intelligence (p>0.1). In
order to assess Stroop inhibition, frontal lobe activity was measured with an NIRS device
(OEG-16) during the performance of RST. Among behaviour outcomes, we re-confirmed that
children with ADHD demonstrated a higher rate of interference on the RST than the TD
children (p<0.01). Within the ADHD group, the rate of interference demonstrated positive
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correlations with the severity of attention deficit (r=0.48, p<0.01) and severity of hyperactivity/
impulsivity (r=0.40, p<0.05) (Figure 3).

Figure 3. Correlation between the interference rate of the reverse Stroop task and the inattention score from Swanson,
Nolan and Pelham scale (SNAP) in children with attention deficit hyperactivity disorder (ADHD) (A). The correlation
between the interference rate of the reverse Stroop task and the hyperactivity/ impulsivity score from SNAP in the
ADHD group (B).

Among the results related to brain activity, the children with ADHD demonstrated signifi‐
cantly lower activity in the right lateral prefrontal cortex during the RST than the TD children
(p<0.05) (Figure 4).
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Figure 4. Changes in oxygenated haemoglobin (oxy-Hb) during the reverse Stroop task, using the mean z-scores from
all of the subjects, as measured by near-infrared spectroscopy. Pseudocolor images plot regional changes in oxy-Hb
across the prefrontal cortex for typically developing children (TD, left) and children with attention deficit hyperactivity
disorder (ADHD, right). The bar graphs below each of the pseudocolor image series plot the mean signals over the
right and left hemispheres.

Furthermore, when we performed a discriminant analysis, based on the diagnostic results
with regard to the rate of interference and prefrontal cortex activity, we obtained an overall
discrimination rate of 79.8%. A correlation was observed between the rate of interference
and severity of ADHD in the RST. Children with ADHD demonstrated lower right lateral
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all of the subjects, as measured by near-infrared spectroscopy. Pseudocolor images plot regional changes in oxy-Hb
across the prefrontal cortex for typically developing children (TD, left) and children with attention deficit hyperactivity
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Furthermore, when we performed a discriminant analysis, based on the diagnostic results
with regard to the rate of interference and prefrontal cortex activity, we obtained an overall
discrimination rate of 79.8%. A correlation was observed between the rate of interference
and severity of ADHD in the RST. Children with ADHD demonstrated lower right lateral
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prefrontal cortex activity during the RST than the TD children. These findings suggested
that changes in RST outcomes and changes in brain activity during the RST could be used
to linearly assess the clinical symptoms of ADHD. In order to construct a linear model with
a  higher  discrimination  rate,  future  studies  may  need  to  include  greater  numbers  of
participants and additional selection of indicators,  as well as children with developmen‐
tal disorders other than ADHD.

4. Autism spectrum disorders and deficit in executive function

A deficit in executive functions has also been indicated in developmental disorders other than
ADHD, such as in ASD. For example, because the stereotypical symptoms of ASD can be
understood as sustained, inflexible symptoms, they are suspected to be associated with a
deficit in executive functions. Among executive function tasks, particularly tasks that assess
attention shifting, which require a flexible conversion of attention, children with ASD are
known to demonstrate poorer behavioural outcomes. Therefore, we performed behavioural
analysis and examined cerebral blood flow, with the objective of determining the pathology
regarding the neural basis of attention shifting in children with ASD [19]. The subjects were
14 children with high-functioning ASD (age: 9.6±1.4), diagnosed in accordance with the
diagnostic criteria in the DSM-IV-TR, and 20 TD children (age: 9.2±1.6), who matched with the
ASD children in terms of age, sex and intelligence. The task we used was a modified version
of the Dimensional -Change Card Sort (DCCS) task [20], in which the rules are frequently
altered (Figure 5).

Figure 5. Illustration of the protocol of the baseline (a) and dimensional change card sort (DCCS) (b) tasks. In the base‐
line task, the participants had to indicate the side of the screen on which the white square appeared. In the DCCS task,
if the upper card was hemmed in black, the participants had to select the lower card with the same shape as the one
that was printed on the upper card. If the upper card was not hemmed in black, they had to select the lower card of the
same colour as that of the upper card.
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We also measured the changes in blood flow in the prefrontal cortex during task performance,
using NIRS (OEG-16). In addition, in order to assess the guardians’ needs in supporting their
children with ASD, we asked them to complete a shortened version of the Paediatric Anxiety
Rating Scale (PARS) [21]. The results from the PARS showed that children with ASD have
greater support needs than TD children. In the DCCS task, the children with ASD had fewer
correct responses than the TD children. Furthermore, as for cerebral blood flow, the children
with ASD demonstrated less activity than the TD children in the vicinity of the right dorso‐
lateral prefrontal cortex, the frontal pole and the left inferior prefrontal cortex (Figure 6).

Figure 6. Time course of near-infrared spectroscopy topography using the mean z-scores from all of the subjects. The
numbers on the first image on the second row indicate the locations of the channels. The left side of the figure indicates
the brain activities during the baseline task - typically developing children (TDC, upper) and autism spectrum disor‐
der (ASD, lower). The right side of the figure indicates the brain activities during the dimensional change card sort
task - TDC (upper) and ASD (lower).

The above results suggest that children with ASD have a diminished ability to shift their
attention, which is consistent with previous studies [22]. This can be inferred as a reflection of
the specific stereotypes in ASD. In addition, the brain function results during the task per‐
formance suggested that reduced prefrontal cortex activity is related to the pathology of ASD.
This, in turn, suggests that NIRS findings could serve as an objective indicator for clinical
diagnoses of ASD in children. Future studies will need to investigate whether the DCCS task
can be applied in differential diagnosis of other developmental disorders, as well as whether
it can be applied as an indicator for assessing the effects of medication and behavioural therapy.

5. Conclusion

In this report, we discussed the relationships of ADHD and ASD, which are neurodevelop‐
mental disorders, with executive functions. The seat of executive functions is generally
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5. Conclusion

In this report, we discussed the relationships of ADHD and ASD, which are neurodevelop‐
mental disorders, with executive functions. The seat of executive functions is generally
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considered to be located in the prefrontal cortex. We discussed NIRS as a useful method for
measuring this activity. It is possible that the core symptoms of ADHD may be quantified by
NIRS. Progress in functional neuroimaging research on ADHD and ASD is expected to enable
highly precise measurements of the severity of developmental disorders. In addition to
differentiating severity, future research will need to determine the optimal intervention (drug
therapy, behavioural therapy, etc.) on a case-by-case basis when selecting treatment.
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Abstract

This study examined the hypothesis that individuals with attention deficit hyperac‐
tivity disorder, predominantly inattentive type (ADHD-I), show both executive
function (EF) deficits and non-EF deficits. A group with ADHD-I (n = 16) and a paired
control group (n = 21) completed a battery of tasks covering the major domains of EF
(planning, working memory, flexibility and inhibition) and non-EF (alertness, divided
attention, flexibility, sustained attention, visual field and visual scanning). EF
impairments in planning, spatial working memory, flexibility, and inhibition as well
as non-EF impairments in divided attention, flexibility, sustained attention and visual
scanning were observed in the ADHD-I group. Our results do not support Barkley’s
(1997) view of ADHD which postulated that only ADHD-C and ADHD-H, but not
ADHD-I, are associated with EF deficits. It suggests that ADHD-I and ADHD-C
children had similar profiles of cognitive impairment, and the deficits in cognition are
not good markers for the classification of ADHD subtypes in the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-V).

Keywords: ADHD-I, Executive function, Non-executive function, Cognitive profile

1. Introduction

Executive function (EF) is an umbrella term that refers to processes that control other cognitive
processes [1]. Researchers have identified four distinct domains of EF: planning, working
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memory, flexibility, and response inhibition [2-6]. The role of EF is debated, but most re‐
searchers agree that EF is involved in deliberately managing an appropriate problem solving
set to attain a future goal [7-8].

A deficit in EF is postulated to account for core symptoms in psychiatric patients with no focal
frontal lesions, such as those diagnosed with attention deficit hyperactivity disorder (ADHD).
The evidence supporting a deficiency in EF domains in ADHD comes from a number of sources
[8, 9-14].

Clarification of the neuropsychological similarities and differences in ADHD subtypes can
contribute to understanding their etiological relationship. The Diagnostic and Statistical Manual
of Mental Disorders (DSM-V) [15] classifies the symptoms of ADHD into three distinct subtypes:
predominantly inattentive type (ADHD-I); predominantly hyperactive-impulsive type (HD
or ADHD-H), and combined type (ADHD-C). In addition, Barkley (1997) postulated a model
of ADHD in which only ADHD-C and ADHD-H, but not ADHD-I, are associated with EF
deficits [16]. This is because, ADHD-C and ADHD-H exhibits the symptoms of hyperactivity/
impulsivity which are believed to be caused by the deficit in response inhibition, a key process
in EF.

Now,  nearly  all  of  the  neuropsychological  literature  on  ADHD  pertains  to  the  group
designated as ADHD combined type (ADHD-C), while the primarily inattentive subtype
of  ADHD  (ADHD-I)  remains  relatively  under-investigated  with  regard  to  potentially
relevant cognitive functions [17-19]. Nigg (2005) suggested that further studies of children
with ADHD-C versus control  children on many executive measures might no longer be
needed [18]. Instead, studies to examine issues such as neuropsychological process theories
of ADHD-I have been proposed.

Previous  research  has  found  many  non-EF  cognitive  deficits  in  ADHD-I,  such  as  the
inconsistent  alertness  and  orientation  [20],  Sluggish  cognitive  tempo [21],  and  the  poor
attention  shifting  [22].  And  many  non-EF  symptoms  rather  than  EF  symptoms  were
described in DSM-V, such as often fails to give close attention to details or often loses things
necessary for tasks or activities. For a long time, we failed to give much attention to the
EF domain in ADHD-I, thus it is still  unknown whether the EF domain are impaired in
ADHD-I.  Combining the hypothesis  that  EF weaknesses are neither necessary nor suffi‐
cient to cause all cases of ADHD [8], we predict that individuals with ADHD-I encounter
not just difficulties with EF, but also show deficits in other cognitive domains (hereafter
termed non-EF).

Thus, the first goal of the present study was to examine the EF weaknesses hypothesis in
ADHD-I by comparing children with ADHD-I versus typically developing children in the four
distinct EF domains of planning, working memory, flexibility, and inhibition. The second goal
was to examine the non-EF deficit hypothesis in children with ADHD-I by comparing them
with a control group on six non-EF domains: alertness, divided attention, flexibility, sustained
attention, visual field and visual scanning.
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2. Methods

2.1. Participants

Children diagnosed with ADHD were recruited from several child psychiatry outpatient
services across the Zabei district of Shanghai. Each sample was referred from the Shanghai
Pediatric Hospital where the participants were diagnosed with ADHD, primarily inattentive
type.

Before testing, we obtain written consent from participants and their parents. Each family
completed an unstructured screening interview based on the Child and Adolescent Psychiatric
Assessment [23]. We recorded information regarding the children’s medical history, develop‐
mental history and general symptoms. We excluded children with any significant comorbid
psychiatric or neurological conditions, such as epilepsy, severe attention deficit hyperactivity
disorder or schizophrenia. We also confirmed that the children had not been on medication
for at least 3 months.

All children met DSM-V diagnostic criteria for ADHD. Any child with ADHD-H or ADHD-C
was excluded. Furthermore, a 27 items version of Conners’ Teacher Rating Scale (CTRS-S) [24]
was completed for each child to confirm the pervasiveness of symptoms. Scoring was per‐
formed according to the test manual [25] and established cutoff points for possible and likely
ADHD, primarily inattentive type were imposed. Furthermore, all children were administered
the Raven’s Progressive Matrices IQ test. Children exhibiting intellectual disability (IQ scores
below 75) were excluded from further experiment. Finally, a total of 16 children with ADHD-
I participated in the experiment.

Twenty-one children without ADHD were paired with the ADHD group by gender and age.
We administered an unstructured screening interview based on the Child and Adolescent
Psychiatric Assessment [23] for the controls and did not find any psychiatric or neurological
symptoms. All children did not meet DSM-V diagnostic criteria for ADHD. Furthermore, a
teacher completed the CTRS-S [24] for the control group, with t scores below 50 used to confirm
the children’s non-ADHD status. In addition, the non-ADHD group was administered the IQ
test (CRT) to confirm that they did not have intellectual disability. Information on participants
is shown in Table 1.

ADHD-I Control P value

N 16 21

Sex ratio (F/M) 12/4 14/7 Ns

Age 12 (1.43) 12 (1.41) Ns

Range of age 9-14 9-14

IQ(CRT-C) 89 (11.3) 92 (12) p=.51

Range of IQ 75-122 80-123

Table 1. Group means (SDs) for age and IQ
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2.2. EF tests

We chose EF tests according to distinct domains of EF: planning, working memory, flexibility,
and response inhibition [2-6]. Four EF tests were conducted in this study: the Spatial Working
Memory Test (SWM), Stockings of Cambridge Test (SOC), Wisconsin Card Sorting Test
(WCST), and Stroop/reverse-Stroop Test. With regard to response inhibition, Barkley (1997)
proposed a model suggesting that a deficit in behavioral inhibition, considered a key process
in EF, accounts for central impairment of ADHD [16]. In the model, Barkley distinguished
three interrelated processes believed to constitute behavioral inhibition: (1) inhibition of a
prepotent response; (2) cessation of an ongoing response; and (3) interference control. Re‐
searchers have long used Stroop/reverse-Stroop interference as the main paradigm to study
interference control. Thus, in this study, we used the Stroop/reverse-Stroop Test [26, 27] to
evaluate the level of response inhibition.

Spatial Working Memory Test (altered). This test was designed based on the SWM in the Cam‐
bridge Automated Neuropsychological Test Battery (CANTAB) [28, 29]. In this test, partici‐
pants are asked to search through a number of boxes presented on the screen to find a token.
The key instruction states that once a token has been found in a box, that box cannot be used
again to hide a token during that particular trial. On each trial, the total number of blue tokens
to be found corresponds to the number of boxes on the screen. Once a blue token is found in
a particular box, that box cannot be used again to hide a token. Returning to an empty box
where a target has already been found is referred to as a “between-search error.”

In the original SWM, there were four types of trials with either three, four, six, or eight boxes
in each. Several previous studies showed that children with ADHD made significantly more
errors compared with controls only on the eight-box problems [30, 31]. Given that between-
search errors may appear as a function of the number of boxes in pediatric clinical populations
[32], it is possible that children with ADHD also make significantly more errors compared with
controls on seven-box problems. Thus, we made a few changes to the original task, in which
the independent variable of box consisted of five uninterrupted levels with three, four, five,
six, or seven boxes. There were four test trials each with three, four, five, six, and seven boxes.
The order of the trials was randomized, with the constraint that the same number of boxes did
not occur consecutively. The dependent measure for the SWM test was the number of between-
search errors on three-, four-, five-, six-, and seven-box problems.

Stocking of Cambridge Test (altered). This test was designed based on the SOC in the CANTAB
[28, 29]. This test is closely related to the Tower of London task developed by Shallice and
McCarthy [33]. In this test, two sets of three colored balls (one green, one blue, and one red)
were presented on the screen. Participants were asked to rearrange the balls in the bottom
display such that their positions matched the “goal” arrangement in the top half of the screen.
The starting position of the balls was varied across trials to ensure that in any particular trial
a minimum move of two, three, four, or five moves was required. Participants were instructed
to examine the original position of the balls and attempt to solve it in the minimum possible
number of moves. The time to complete the pattern is taken as a measure of the participant’s
planning ability.
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In the original SOC task, there were four test trials each with two, three, four, and five moves.
However, some studies failed to find that children with ADHD made significantly more extra
moves than typically developing children on this task (For example, see [30,31,34]). It is
possible that the short range of the minimum moves to goal state can account for the above
conclusion. Thus, we made a few changes to the original task, such that the minimum moves
to goal state ranged from three to seven moves. There were four test trials each with of three,
four, five, six, and seven moves, and the order of the trials was randomized. The dependent
measure for the SWM test was response times on three-, four-, five-, six-, and seven-move
problems.

Wisconsin Card Sorting Test. Flexibility was assessed with the Computerized WCST [35-37], a
widely used test to measure cognitive flexibility or set shifting. In this test, participants were
asked to match a series of stimulus cards to a set of four target cards that differed by form,
color, and number. The display did not disappear until a choice was made. Feedback infor‐
mation followed the choice, and consisted of a “×” sign if the response was correct, or a “◦”
sign if the response was incorrect. Response cards could be matched by number (1, 2, 3, 4),
shape (triangle, star, cross, circle), or color (red, green, blue, yellow). After participants
determined one of the correct dimensions, referred to as “categories” (C), 10 correct responses
were required before the category was shifted to the next one. The task was terminated after
a maximum of 128 trials was reached. The order of the sorting principles was randomized,
with the constraint that the same sorting principles did not occur consecutively.

Continued matching to a category that is no longer correct is considered a perseverative error
(PE). Other errors that occur when a participant is required to switch to another sorting
principle are referred to as non-perseverative errors (NPE). The variables of interest were the
number of categories achieved, percentage of perseverative errors and percentage of non-
perseverative errors.

The Stroop/reverse-Stroop Test. The Stroop/reverse-Stroop Test [26, 27, 38] was used to evaluate
the level of both Stroop interference and reverse-Stroop interference. The test comprised four
subtests in which all color–word combinations and color patches were printed on four separate
sheets of paper.

Test 1 was control condition for the Stroop test, in which the color patch was shown on the left
side of the test sheet, requiring participants to make a choice from the five matching color–
words(written in black ink) corresponding to the color of the color patch. Test 2 was the Stroop
test, in which incongruent color–words were shown on the left side of the test sheet, requiring
participants to make a choice from the five matching color–words (printed with black ink)
according to the ink color of the color–word in the center. If the semantic content of the
incongruent color–word does not affect the processing of ink color, the response to Test 1 and
Test 2 should not differ. Test 3 was control condition for the Reverse-Stroop test, in which all
the color–word combinations were written in black ink, requiring participants to make a choice
from the five matching color patches corresponding to the color–words. Test 4 was the RI test,
in which all the color–word combinations were written in incongruent ink (e.g., the word blue
printed in green ink) on the left side of the test sheet, requiring participants to make a choice
from the five matching color patches corresponding to the semantic meaning of the word.
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Similarly, if the ink color does not affect semantic processing, the responses to Test 3 and Test
4 should not differ. Thus, we can evaluate the Stroop interference ratio and the reverse-Stroop
interference ratio by comparing the responses in the four tests.

Each test consisted of 10 practice trials and 100 test trials. On the basis of the number of correct
responses in each subtest (C1, C2, C3, C4), two interference ratios were calculated using the
following formulas: Stroop interference ratio, (SI) = (C3–C4)/C3, and reverse-Stroop interfer‐
ence ratio, (RI) = (C1–C2)/C1.

2.3. Non-EF tests

To fully assess non-EF in this study, performance was assessed by a set of computer-assisted
psychological tests, the Test for Attentional Performance (TAP), version 2.2, published by
Zimmermann and Fimm [39]. The six subtests of alertness, divided attention, flexibility,
sustained attention, visual field, and visual scanning were administered. The dependent
measure for the TAP was the reaction times.

Alertness Test (TAP, subtest 1). A simple reaction time task measures response readiness to a
simple visual target on the computer screen. Simple reaction time has been shown to be a valid
measure of general slowness. In this test, a cross (2 cm) appeared in the middle of the screen,
and the participant had to press a button as rapidly as possible. The interval between the
warning and the imperative stimulus varied randomly between 300 and 700 ms. The reaction
times were automatically recorded by the program (a total of 40 trials were presented in this
subtest).

Divided Attention Test (TAP, subtest 5). In this subtest, participants had to deal with one visual
simultaneous task. The visual task consisted of a matrix of 4 × 4 dots (size: 10 × 10 cm). Seven
small Xs were superimposed randomly over the 4 × 4 dots. When four Xs formed a square, the
participants had to react as quickly as possible by pressing a button. The task contained 20
visual targets out of 20 visual non-targets.

Flexibility Test (TAP, subtest 6). In this subtest, one letter and one digit were presented simul‐
taneously, one on the left and one on the right. The digit always represented the target stimulus
(50 trials). Participants needed to respond to each trial by pressing the corresponding left or
right response button as quickly and as accurately as possible to judge which side of the target
was displayed. The placement of the target was randomized so that participants could not
anticipate where it would be displayed.

Sustained Attention Test (TAP, subtest 9). In this subtest, a sequence of stimuli was presented on
the monitor. The stimuli varied in a range of feature dimensions: color, shape, size and filling.
A target stimulus occurred whenever it corresponded in one predetermined stimulus dimen‐
sion with the preceding stimulus (e.g., the same shape but with different color, size and filling),
participants needed to respond to each trial by pressing the space key as quickly as possible
(test time lasted 10 minutes).

Visual Field Test (TAP, subtest 11). To record vision in circumscribed areas of the visual field, a
stimulus was presented at different points of the screen and at varying intervals. Participants
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were required to fixate on the middle of the screen throughout the entire test run. Whenever
the peripheral stimulus appeared the patient was to press the reaction key as quickly as
possible. The reaction times to targets were recorded automatically. A total of 40 stimuli were
presented in this subtask.

Visual scanning Test (TAP, subtest 12). In this subtest, a matrix-like arrangement of 5 × 5 stimuli
was used. Participants were required to detect whether this arrangement included a critical
stimulus. One reaction key was used for the answer “present” and another for the answer "not
present." The task contained 20 visual targets out of 20 visual non-targets.

2.4. Procedure

Testing took place on four different occasions and was administered in a fixed order for both
groups. During the first session, the Stroop/reverse-Stroop Test was administered. In the
second testing session, the TAP battery was administered individually. In the third testing
session, the WCST and SOC were administered individually. Finally, the SWM was adminis‐
tered individually.

3. Results

In this section, we briefly provide the statistical analyses, focusing on the performance on the
EF tests (working memory, planning, flexibility and inhibition) and non-EF tests (alertness,
divided attention, flexibility, sustained attention, visual field and visual scanning) between
children with ADHD-I and typically developing children.

3.1. EF tests

Working memory. We performed a two-way ANOVA on the number of between search errors
with the group type (ADHD-I or difficulty (three- to seven-box problems) as a within subjects
factor. Results showed that the two main effects of group type, F (1, 35) = 10.37, p <.01, and task
difficulty, F (4, 140) =27.54, p <.01, were significant. The interaction effect between group type
and task difficulty was significant, F (4, 140) = 9.01, p <.01. Furthermore, the simple main effect
of group type was only significant in six-box problems, F (1, 35) = 4.77, p =.04 and seven-box
problems, F (1, 35) = 12.18, p <.01. It was not significant in three-box problems, F (1, 35) =.70, p
=.41, four-box problems, F (1, 35) =3.42, p =.07, or five-box problems, F (1, 35) =.01, p =.77. In
contrast to three- and four-box problems, in six- and seven-box problems there is a higher
memory load of the task. Our findings indicate that the higher memory load task affected the
ADHD-I group more than the controls.

Planning. We performed a two-way ANOVA on the reaction times with the group type
(ADHD-I or control) as a between subjects factor and the task difficulty (three- to seven-move
problems) as a within subjects factor. Results showed that the two main effects of group type,
F (1, 35) = 10.17, p <.01, and task difficulty, F (4, 140) =21.32, p <.01, were significant. The
interaction effect between group type and task difficulty was significant, F (4, 140) = 2.77, p <.
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05. Furthermore, the simple main effect of group type was only significant in five-move
problems, F (1, 35) = 5.02, p <.05, six-move problems, F (1, 35) = 6.63, p <.05, and seven-move
problems, F (1, 35) =3.80, p <.05. It was not significant in three-move problems, F (1, 35) =3.29,
p =.08, and four-move problems, F (1, 35) =.48, p =.23. This showed that with difficulty level of
planning task increases, ADHD-I exhibited poor performance on the planning task.

Flexibility. We performed an independent-samples t test on the categories achieved by the two
groups. Results showed that the effect of group type, t (35) = 3.06, p <.01, was significant. In
addition, we performed a two-way ANOVA on the number of errors with the group type as
a between-participants factor and the error type (PE and NPE) as a within participants factor.
Results showed that the two main effects of group type, F (1, 35) = 4.20, p <.05, and error type,
F (4, 140) =233.91, p <.01, were significant. The interaction effect between group type and test
condition was significant, F (4, 140) = 7.05, p <.01. Furthermore, the simple main effect of group
type was only significant in PE, F (1, 35) = 6.01, p <.05. It was not significant in NPE, F (1, 35) =
1.42, p =.24. This finding suggests that cognitive flexibility was impaired in ADHD-I.

Inhibition. We performed a two-way ANOVA on the interference ratios with the group type
(ADHD-I or control) as a between subjects factor and the interference type (SI and RI) as a
within subjects factor. Results showed that the two main effects of group type, F (1, 35) = 3.63,
p =.06, and interference type, F (1, 35) =.76, p =.39, were not significant. The interaction effect
between group type and interference type was significant, F (1, 35) = 3.52, p <.05. Furthermore,
the simple main effect of group type was only significant in reverse-Stroop interference, F (1,
35) = 7.52, p <.01, whereas Stroop interference was not significant, F (1, 35) =.37, p =.55. This
finding suggests that ADHD-I showed a selective impairment in interference control.

EF domain Tasks ADHD-I Control Contrast

Working Memory SWM

BSE on 3-box problems .13(.34) .01(.22) Ns

BSE on 4-box problems 1.31(1.85) .43(1.03) Ns

BSE on 5-box problems .88(1.41) .71(1.82) Ns

BSE on 6-box problems 4.38(4.56) 1.81(2.52) ADHD-I>NC

BSE on 7-box problems 9.83(7.95) 2.79(4.15) ADHD-I>NC

Planning SOC

TT on 3-move problems 17.27(6.71) 14.20(3.41) Ns

TT on 4-move problems 27.76(15.18) 33.14(11.80) Ns

TT on 5-move problems 62.81(38.92) 37.05(31.08) ADHD-I>NC

TT on 6-move problems 70.68(30.00) 49.24(20.64) ADHD-I>NC

TT on 7-move problems 73.20(39.23) 48.32(37.85) ADHD-I>NC

Flexibility WCST

C 6.50(2.00) 8.29(1.55) ADHD-I<NC

PE 13.94(9.47) 6.76(8.31) ADHD-I>NC

NPE 25.44(5.97) 23.10(5.88) Ns

Inhibition Stroop/reverse-Stroop Test
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EF domain Tasks ADHD-I Control Contrast

SI .23(.21) .19(.13) Ns

RI .30(.15) .17(.11) ADHD-I>NC

Note: ADHD-I=ADHD Pre-dominantly Inattentive type; SWM: Spatial Working Memory; SOC=Stocking of Cambridge;
WCST =Wisconsin Card Sorting Test; BSE=the number of Between Search Errors; TT: Response Times; C= the number of
Categories Achieved; PE=the number of Perseverative Errors; NPE= the number of Non-Perseverative Errors; SI=Stroop
Interference ratio; RI=reverse-Stroop Interference ratio.

Table 2. Means and standard deviations (SDs) for EF test results

3.2. Non-EF tests

We performed multivariate analysis (Pillai's trace) with group type (ADHD group or non-
ADHD group) as a fixed factor and reaction times on the six subtests as a dependent factor.
Results showed that the effect of group type, F (6, 28) = 4.42, p <.01, was significant. The tests
of between-subjects effect indicated that the group type effect was significant for divided
attention, F (1, 35) =8.18, p <.01, flexibility, F (1, 35) =8.15, p <.01, sustained attention, F (1, 35)
=4.57, p <.05, and visual scanning, F (1, 35) =13.41, p <.01. It was not significant for alertness, F
(1, 35) =.07, p =.98, or visual field, F (1, 35) =.06, p =.79.

Tasks ADHD-I Control Contrast

Alertness TAP, subtest 1 350.67(54.44) 345.17(64.88) Ns

Divided attention TAP, subtest 4 1434.17 (432.73) 1097.09 (265.93) ADHD-I>NC

Flexibility TAP, subtest 6 560.75(92.43) 480.00(74.42) ADHD-I>NC

Sustained attention TAP, subtest 9 560.56(59.50) 515.96(61.07) ADHD-I>NC

Visual field TAP, subtest 11 503.97(107.96) 496.36(90.83) Ns

Visual scanning TAP, subtest 12 5454.91(1270.07) 4114.94 (898.77) ADHD-I>NC

Note: TAP = Test for Attentional Performance.

Table 3. Means and standard deviations (SDs) for non-EF test results

4. Discussion

4.1. EF domains

Working memory. Results of the two-way ANOVA indicated a significant group-by-task
difficulty interaction: the ADHD-I differed significantly from controls only on six- and seven-
box problems. This result is consistent with several previous studies in which children with
ADHD-C exhibited deficits in multiple components of working memory [30, 40, 41]. These
results suggest that working memory is impaired in both ADHD-C and ADHD-I.

Planning. Analysis of thinking times on three-, four-, five-, six- and seven-move problems
indicated that children with ADHD-I took more time to complete the five-, six- and seven-
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move problems than controls. The current findings are in contrast to previous studies (For
example, see [30, 42]) that failed to find a significant divergence between ADHD-C and controls
on three difficulty levels of SOC: two or three moves necessary to solve the problem (lowest
difficulty level), four moves (medium difficulty level), and five moves (highest difficulty level).
We argued that the short level range (the maximum move to goal state is five) may account
for the no-difference findings in these studies. Numerous studies (For example, see [8, 31])
have reported poor performance on planning tasks in individuals with ADHD-C. Evidence
from our research and previous studies support the hypothesis that planning is impaired in
both ADHD-C and ADHD-I. And we made a modification to the original SOC task by changing
the minimum moves to goal state ranged from three to seven moves and the results show that
the modified SOC task is a more useful tool to evaluate the individual’s planning ability.

Flexibility. Results showed that the categories achieved by the ADHD group were fewer than
the categories achieved by controls, and the simple main effect of group type was only
significant for perseverative errors and not significant for non-perseverative errors. This
indicates that the ADHD-I group exhibited a deficit in flexibility relative to typically devel‐
oping children. Although a few studies have shown no statistically significant differences from
controls on the WCST in individuals with ADHD [42-43], more than half of the investigations
have shown statistically significant differences from controls [14,45-48]. Moreover, Houghton
et al. (1999) found no differences between inattentive and combined subtypes on WCST [49,
50]. These results support the hypothesis that flexibility is impaired in both ADHD-C and
ADHD-I.

Inhibition. We found an asymmetric phenomenon between Stroop interference and reverse-
Stroop interference for ADHD-I participants. This finding replicated our recent results
reporting an ADHD-I impairment in reverse-Stroop interference but not in Stroop interference
[37]. A number of studies have used the Stroop test to examine interference control in ADHD,
but results have been inconsistent. Recently, Mourik, Oosterlaan, & Sergeant (2005) completed
a meta-analytic review that systematically examined 17 studies of Stroop interference control
in ADHD [51]. They concluded that the Stroop color-word task does not provide strong
evidence for a deficit in interference control in ADHD. Lansbergen, Kenemans, and Van
Engeland (2007) conducted another meta-analytic review of 19 studies that administered the
Stroop tests to groups with ADHD [52]. In contrast, consistency analysis of ratio scores across
those 19 studies revealed that interference control was consistently compromised in individ‐
uals with ADHD. We have few studies available on reverse-Stroop interference in ADHD-C.
This is possibly because the reverse-Stroop has seldom been discussed in ADHD because it
cannot be observed in oral responses [53]. It is difficult to conclude that individuals with
ADHD-I or ADHD-C exhibit the same deficit in reverse-Stroop interference until more studies
on this question are conducted.

4.2. Non-EF domains

Deficits in divided attention, flexibility, sustained attention, and visual scanning relative to
controls indicate that individuals with ADHD-I also exhibited impairment on the non-EF
domains. We know that the cognitive and behavioral characters (the attention trait, hyperac‐
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tivity and impulsivity) are the main criterion for the subtypes of ADHD in DSM-V. However,
the DSM-V does not provide specific examples of the cognitive difference between ADHD-C
and ADHD-I.

With regard to non-EF domains, previous studies have suggested that ADHD-I shows a deficit
in speed of information processing, generally, and in focused or selective attention, specifically
[54, 55], while deficits in ADHD-C are characterized as sustained persistence [16]. However,
one recent study has shown that ADHD-I and ADHD-C children had similar profiles of
vigilance impairment indexing a lack of sustained attention [56]. Furthermore, in the present
research, we found that ADHD-I is also associated with a sustained attention deficit. Moreover,
Geurts, Vert´ec, Oosterlaana, Roeyersc, and Sergeanta (2005) found no differences between
inattentive and combined ADHD subtypes on non-EF tasks, such as response execution, short-
term memory, visual-motor integration and categorization [57]. Based on combined results of
the current research and previous studies, we wonder whether the deficits in non-EF cognitive
abilities can be used as good markers for the validation of ADHD subtypes in DSM-V.

5. General discussion

The present study was designed to investigate the hypothesis that those with ADHD-I exhibit
both EF deficits and non-EF deficits by comparing typically developing controls with boys
carefully diagnosed with ADHD-I on an extensive battery of tasks that cover the major EF and
non-EF domains.

With regard to the EF domains, results are consistent with findings in previous studies of EF
and ADHD. That is, ADHD is associated with weaknesses in several key EF domains, but the
strongest and most consistent effects are obtained on measures of response inhibition,
vigilance, spatial working memory and some measures of planning [8, 41, 56-58]. The deficits
on EF domains revealed in ADHD-I also suggest that the pathology of ADHD-I is related to
deficits in managing an appropriate problem or attaining a future goal. Furthermore, results
did not yield evidence for the model of ADHD in which only ADHD-C and ADHD-H, but not
ADHD-I, are associated with EF deficits.

With regard to non-EF domains, findings revealed that the children with ADHD-I also
demonstrated deficits in these domains, such as, divided attention, flexibility, sustained
attention and visual scanning. This suggests that children with ADHD-I not only show deficits
in EF, but also experience deficits in other non-EF domains.

Discriminating among disorders is particularly important. However, there are no objective
diagnostic tests for ADHD-I [59]. Considering the fact that neither EF nor non-EF domains
distinguish ADHD-I from ADHD-C, examination of other factors, such social, emotional and
behavioral characteristics [60, 61] may be needed to support the validity of ADHD subtypes
in the DSM-V.
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6. Limitations

A limitation of our study findings is the small sample size and potential response bias from
those who agreed to participate. To gather more reliable data and validate the results of the
present study, future research should focus on selecting larger samples to engage in the same
tasks. Furthermore, to examine whether EF and non-EF tests can distinguish ADHD-I from
ADHD-C, it would be useful to make a direct comparison between ADHD-C and ADHD-I in
the battery of EF and non-EF tests used in the study. Future studies should be conducted using
the same tasks with an ADHD-C group.
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Abstract

Attention-deficit/hyperactivity disorder (ADHD) is a neurodevelopmental disorder
characterized by inattention, impulsivity, and hyperactivity of core symptoms, affect‐
ing 3-10% of school age children, as well as 4% of adults.

Quality of Life (QoL) is an individual perception in regard to his/her position in life,
in the context of culture and value systems in which they live, and in relation to their
goals, expectations, standards and concerns. Then it has a multidimensional concept,
the core of which consists of the physical, psychological, cognitive, and social aspects
of functioning.

Several studies on QoL in ADHD have been published pointing out that QoL do‐
mains in ADHD have been found to be negatively affected compared to the healthy
persons. This situation suggests that ADHD not only affects academic achievements
of a person but it also has a deteriorating effect on all aspects of life, including social
and occupational. Mostly used pharmacological agents are atomoxetine, methylpheni‐
date and other stimulants related to QoL and ADHD context. These agents of ADHD
treatments have been correlated with an improvement in QoL scores. Non-pharmaco‐
logical interventions and their effects on QoL in patients with ADHD or the effective‐
ness of combined treatment modalities should be carried out in the near future.

Keywords: Attention deficit hyperactivity disorder, quality of life, children, treatment

1. Introduction

Quality of life (QoL) and its evaluation have become an increasingly important measure of
outcome in all age groups of mental health clinical work and research [1]. WHOQoL group
describes QoL as “the individuals’ perception of their position in life, in the context of culture

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
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and value systems in which they live, and in relation to their goals, expectations, standards
and concerns” [2]. QoL is a multidimensional concept, the core of which consists of the
physical, psychological, cognitive, and social aspects of functioning [1].

Attention-deficit/hyperactivity disorder (ADHD) is a psychiatric disorder characterized by
inattention, impulsivity, and hyperactivity that affects 3–10% of school age children [3].
Although most commonly thought of as a childhood disorder, ADHD affects children,
adolescents, and adults. It persists in adolescence in approximately 80% of patients, and
approximately 4% of adults are affected with ADHD [4]. ADHD is associated with a significant
impairment of cognitive, emotional, and psychosocial functioning [5]. Also, children with
ADHD can develop problematic relationships with families, and this pattern may continue
into late adolescence and adulthood [6].

Several studies on QoL in ADHD have been published. Available studies confirm that ADHD
impairs QoL in the sufferers [7]. QoL has the potential to be an important outcome measure.
Understanding the impact of ADHD on QoL can be informative on a number of levels. In this
chapter, we provide a review of QoL in adults, adolescents, and children with ADHD. We will
be addressing the definition of QoL, providing an overview of what ADHD involves, and
discussing four main issues:

1. The impact of ADHD on QoL

2. The relationship between ADHD symptoms and QoL

3. The effects of ADHD treatments on QoL domains

4. Appendix: The QoL measurement tools (generic and health-related scales)

2. The Quality of Life (QoL)

Quality of life (QoL) is a term explaining a satisfaction of life and fulfillment of one’s expect‐
ations within the social and cultural milieu in which one lives and works. This QoL definition
includes physical and mental health, independency levels, social relations, environmental
issues, activities, individual beliefs, point of views of life itself and health, expectancy, and
habits. All QoL definitions consist of physical, psychological, and social domains [1]. Health-
related quality of life (HRQoL), on the other hand, is a multi-dimensional definition that
consists of the parts of the QoL domains of the affected person by a disease. HRQoL attempts
to measure to what extent the patient’s activities are affected on a daily basis due to the disease
[2]. In medical literature, it is observed that the terms QoL and HRQoL are used interchange‐
ably. In this section, QoL and HRQoL terms will be used as synonyms in issues related to the
quality of life.

The term QoL seems to have existed in sociological and medical terms since antiquity. Aristo
and subsequent philosophers noted that the main purpose of life was reaching the optimized
state allowed by life itself [3]. Hippocrates, building the foundations of medicine, taught his
pupils that they must take responsibility for increasing the state of well-being to the highest
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point during treatment procedures [4]. Excluding these general teachings, the term QoL was
first reported in medical literature in 1960 with Long’s article titled “On the quantity and
quality of life.” Six years later, it was again used in the editorial section of Annals of Internal
Medicine, “Medicine and the Quality of Life” [5]. In subsequent years, QoL has been at the
center of many debates, discussing how to define it, how to measure it, and which scales have
the highest levels of validity [6].

Because QoL assessments are a crucial health parameter, it has been necessary to develop QoL
measurements for children. Child QoL studies began in the 1980s. Herndon et al. (1986)
evaluated the quality of life of 12 children with severe burns that affected physical functioning.
This study conducted an evaluation based on the degree of the burn and how it affected
psychosocial adjustment [8]. Two studies, conducted by Ditesheim and Templeton (1987) and
another one reported by Henning et al (1988), are the very first studies in evaluating children’s
QoL [9, 10]. These first QoL studies of children were important in leading to the development
of QoL scales in child age groups.

QoL scales are evaluated generally under two main headings; a general (generic) evaluation
of well-being and the QoL developed after a specific disorder. They have superior and limiting
aspects from one another. Generic QoL scales are created by comparing two people: one with
any disorder to one who is healthy. Therefore, generic QoL scales have advantages in terms
of applicability to public health studies, and comparison studies enabling the evaluation of
subjects with disease and subjects without. However, the low sensitivity of generic QoL scales
and their long-term evaluation phases can be seen as negative aspects. On the other hand,
disease-specific QoL scales are valid only during the evaluation of the disease they have been
developed for. This increases the internal consistency of the scale, as well as the sensitivity and
specificity. However, a negative aspect of disease-specific QoL scales is, because they are only
valid for a single disease, there is the question of which scale should be used for patients with
multiple diseases [7]. Both generic and health-related QoL scales are available for evaluating
QoL in adults and children with ADHD. All measurement tools mentioned throughout the
text can be seen in the appendix.

3. Attention deficit hyperactivity disorder

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder consisting
of inattention, hyperactivity, and impulsivity, unsuitable for the child’s age and developmental
level. By far the most common disorder in childhood, it causes impairment in social, cognitive,
academic, and emotional domains.

Epidemiological studies have pointed out that ADHD prevalence in children throughout the
world is at a 3–10% rate. A large number of studies have shown that the symptoms of ADHD
and functional impairment continue during the adulthood period. With age, however, its
prevalence decreases. The adult ADHD prevalence rate is 4% [11]. Community-based studies
have shown that the frequency of ADHD in boys is 2 to 3 times higher than in girls, and this
rate increases up to 9 times in clinical sample studies. The inattention subtype of ADH is seen
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more frequently in girls, whereas the combined subtype of ADHD is seen more dominantly
in boys. Because girls have more prominent inattention symptoms and they have less conduct
disorder, they are admitted to the hospital at a lower rate [12].

ADHD, though its etiology is still not clearly understood, is a disorder in which genetic and
environmental factors play crucial roles. Family, twin, and orphan studies support the
importance of genetic factors in the etiology of ADHD. The heritability rate of ADHD has been
found at a 76% rate in genetic studies. Genetic predisposition to ADHD is identified by the
combination of the effects of many genes. Environmental factors that lead to ADHD, on the
other hand, are more influential in those who have a genetic predisposition to disease [13].
Neuroimaging studies have revealed that there is a relationship between a delay in cortical
maturation and ADHD. Previously, a dysfunction located in the prefrontal-striatal pathways
was thought to play a crucial role. However, later studies have shown that the etiopathogenesis
of ADHD is a widespread dysfunction in a number of locations such as the frontoparietal-
cortical pathways, corpus callosum, anterior cingulate cortex, and cerebellum. These areas are
responsible for functions such as cognitive processing, attention, motor control, executive
functions, response inhibition, reward, and motivation. Neuropsychological problems and
behavioral symptoms of ADHD are considered to be a result of structural and functional
abnormalities in fronto-striatal-cerebellar circuits [14]. Findings obtained from neuropsycho‐
logical evaluations and neuroimaging studies are very important but not sufficient to be used
in the diagnosis of ADHD. Thus, ADHD is still a clinical diagnosis based on detailed history,
clinical observations, and a physical and neurological examination. Clinicians should refer to
the information from parents and teachers regarding the symptoms of children. It is important
to determine the severity of the symptoms before and after treatment with valid and reliable
rating scales [13].

Children, adolescents, and adults diagnosed with ADHD have a high rate of comorbid
psychiatric disorders. Studies have rated this comorbidity from 46% to 76%. Oppositional
defiant disorder (40–60%), conduct disorder (10–20%), anxiety disorder (30–40%), and mood
disorders (20–30%) are the most frequently seen comorbid disorders [15]. Alcohol and
substance abuse are two problems patients face in their adolescence or adulthood. The
presence of comorbid psychiatric disorders during the progress of ADHD negatively affects
both the treatment process and the prognosis.

Even though ADHD is mostly diagnosed during childhood, follow-up studies have pointed
out that 60–80% of patients continue to have symptoms of ADHD during adulthood [14]. It is
known that during the transition to adolescence and adulthood, the symptoms of ADHD vary.
Hyperactivity decreases during and after adolescence, and restlessness, feelings of discomfort
or risky behaviors become dominant instead. However, in adulthood, symptoms such as
difficulty in maintaining attention, forgetfulness, an inability to organize, an inability to
complete plans, frequent change of jobs, marital problems, and changes in mood are seen [16].

The treatment of ADHD is a multifaceted approach that includes psychosocial interventions
as well as pharmacotherapy. For adults, cognitive-behavioral therapy (CBT) is seen as an
effective intervention method to treat ADHD [17, 18] or as an added approach to the ADHD
medication as a supplement, to being effective in ADHD treatment [19, 20]. Similarly, behav‐
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complete plans, frequent change of jobs, marital problems, and changes in mood are seen [16].

The treatment of ADHD is a multifaceted approach that includes psychosocial interventions
as well as pharmacotherapy. For adults, cognitive-behavioral therapy (CBT) is seen as an
effective intervention method to treat ADHD [17, 18] or as an added approach to the ADHD
medication as a supplement, to being effective in ADHD treatment [19, 20]. Similarly, behav‐
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ioral management is also the most commonly used psychosocial approach in children with
ADHD and has different forms for parents (such as behavioral parent training [BPT]), for
teachers (such as training of classroom behavior management), and for children (such as
summer treatment program [STP] and operant conditioning trails) [21, 22, 23]. STP is a multi-
modal intervention, developed by Pelham et al. (1996), consisting of parent training, classroom
implementation, practicing and tutoring of academic and sport skills, and social skill training
[22]. Using these psychosocial approaches with pharmacotherapy could result in giving lower
doses of medication to children with ADHD [23]. In adolescents with ADHD, behavior therapy
(BT) was found to be effective compared to the medication, though BT had brought about
greater improvement on overall functioning measures than that of medication [24]. CBT is
another psychosocial intervention used in adolescents, which mostly relied on behavioral
principles and was shown as effective [25, 26].

Pharmacotherapy is needed for many ADHD patients to control the symptoms and to decrease
functional deteriorations. The first step in medication for the treatment of ADHD is stimulants.
Stimulants are known to be generally safe and effective, and their clinical response rate is
considered to be about 70%. Among non-stimulant medications, those frequently used are
atomoxetine, alpha-2 agonists (clonidine and guanfacine), tricyclic antidepressants, and
bupropion. Beginning the treatment in the very early stages of the disease and using effective
dosage positively affects its prognosis and it leads to fewer problems in adulthood [27].

4. The impact of ADHD on QOL

Difficulties stemming mainly from the core symptoms of ADHD (inattention, hyperactivity,
and impulsivity), affect many aspects of the lives of children and their families. It has also been
long known that there is a relationship between a wide range of developmental, cognitive,
social, and academic insufficiencies and ADHD [28]. Children and adolescents with ADHD
experience more difficulties in social relations than that of their non-ADHD peers, especially
in terms of establishing a relationship [29]. Also, ADHD in adults has been found to have
specific and disabling effects on substance abuse, driving, divorce, lost years of schooling,
unemployment, underemployment, poor self-esteem, and as a risk for other disorders [30].
Thus, a QoL assessment is especially important in disorders of a chronic nature that cause
difficulties in almost every aspect of life such as ADHD. Studies examining the relationship
between ADHD and QoL have gained momentum because QoL has become more prominent
among health-related indicators.

Evaluating QoL in adults or children with ADHD has ultimately been possible by using generic
QoL scales. A study conducted by Mick et al. (2008) showed that the psychometric properties
of “Quality of life enjoyment and satisfaction questionnaire (Q-LES-QSF) [31],” one of the
generic QoL scales, had internal consistency at a 0.88 rate in adults with ADHD, showing that
it would be appropriate for evaluating QoL in ADHD [32]. Studies carried out in adults with
ADHD have shown evidence of lower levels of QoL when compared to non-ADHD controls.
In a study where the QoL of older patients with ADHD were evaluated with 148 adults aged
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over 50 years, the quality of life levels, determined by using EurQoL [33], the generic QoL
scale, and life satisfaction levels were found to be significantly lower than that of population
normative results due to an important decrease in QoL aspects such as mobility, self-care,
general activity, pain/discomfort, and anxiety/depression [34]. Similar to this report, a study
conducted by Kooij et al (2005) with 1813 adults who had ADHD-DSM-IV symptoms that were
obtained from self-report evaluations demonstrated psychosocial impairments [35]. This study
revealed that inattentiveness and hyperactivity scores were significantly associated with the
measures of impairment, evaluated by using the General Health Questionnaire (GHQ-28) [36],
one of the generic QoL scales. Even after controls for the GHQ-28, it was concluded that ADHD
is not merely a child psychiatric disorder that persists into young adulthood, but is an
important and unique manifestation of psychopathology during the entire lifespan [35]. These
findings support the idea that ADHD has significant effects on the QoL measured by generic
QoL scales and other questionnaires evaluating daily functions and other aspects of life
throughout the world.

As far as children with ADHD and their QoL measurements using generic QoL scales are
concerned, a large number of studies pointed out similar findings with that of the adults’
reports. A study reviewing other studies related to children with ADHD and their QoL,
Danckaerts et al. (2010) revealed that there were a total of 36 QoL and ADHD studies, and 29
of them evaluated the QoL of children with ADHD, using generic QoL scales [37]. Some of
these studies have pointed out that there is an important decrease in all measurable areas [38,
39, 41], as well as only the “psychosocial areas” [42, 43] of QoL domains in patients with ADHD
compared to healthy subjects. Taking a closer look at these findings, a study, conducted by
Varni et al. (1999), showed high reliability in assessing the QoL of children aged 5–16, including
72 with ADHD, 66 cancer patients, 57 cerebral palsy patients, and 3,256 healthy subjects,
through the use of the Pediatric Quality of Life Inventory (PedsQL), a generic QoL scale [38].
Similarly, Escobar et al. (2005) conducted a study consisting of 237 children between the ages
of 6 and 12, where 124 of them had ADHD, 93 of them had asthma, and 120 were healthy
subjects [39]. In this study, QoL assessment was examined with the Child Health Questionnaire
(CHQ) [40] scale. The results indicated that children with ADHD showed impaired psycho‐
social functioning (compared to the asthma group) and an impaired psychosocial and physical
functioning (compared to the healthy group). Differences between the ratings for children with
ADHD and asthmatic children were smaller than that of the ADHD group and the healthy
children.

Another study reported an important difference in connection with QoL between children
aged 8–12 with ADHD and healthy controls [41]. In this study, all subscale scores of PedsQoL-
parent forms and “psychosocial health” and “total scale” scores of PedsQoL-children forms
were found to be significantly lower in ADHD group than that of the healthy controls.
Kandemir et al. (2014) examined 76 ADHD children and 59 healthy subjects aged 7–16 years,
using PedsQL. As a result, the PedsQL-child scale psychosocial health subscale and total scale
scores of the ADHD patients were significantly lower than the control group [42]. Similarly,
another study, using CHQ, revealed that ADHD has a deteriorating effect on multiple aspects
of QoL [43].
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There may also be a distinct difference between parents’ reports and their children’s with
respect to QoL measurements. In a review, 36 QoL studies conducted between the years 1998
and 2008 were evaluated, concluding that parents evaluated their children’s QoL parameters
lower than their children rated themselves [37]. During the evaluation of QoL parameters and
ADHD’s effect on it, the question arose of whether or not ADHD subtypes make a difference.
According to the assessment of ADHD subtypes and their effect on QoL parameters, Landgraf
et al. (2002) found that children with ADHD combined type had a poorer QoL than children
with ADHD inattentive type, both in the area of emotional-social well-being and in how they
functioned at home [44]. As shown, a great number of factors could affect studies’ findings of
ADHD and QoL and could lead to different results. Among these factors are the following:
sampling’s age group, using different types of QoL scales, choosing proxy or self-report scales
(whether filled out by parents or children), and different cultural contexts.

There are also a great number of studies evaluating QoL domains through ADHD-specific QoL
measures in both adults and children. Brod et al. (2006), for instance, revealed that adults with
ADHD had lower QoL scores, when compared to controls and subthreshold groups, using
Adult-ADHD Quality of Life scale (AAQoL), a disease-specific QoL [45]. Another report
showed that Taiwanese adult subjects with ADHD had a poorer quality of life than that of
controls [46]. It also has been pointed out that ADHD subjects took longer to fall asleep, had
lower sleep efficiency, and had shorter periods of uninterrupted sleep, which were consistent
with subjective complaints. Alongside this, actigraphic measures of ADHD subjects showed
continuously elevated day-time activity levels that resulted in a 24-hour pattern that was more
stable and less variable than in controls [47].

Gjervan et al. (2012) assessed the relationship between ADHD symptoms and specific QoL
areas in 149 adults with ADHD. In this study, there was a negative correlation between all of
the components of QoL, and the inattention and hyperactivity scores, though this correlation
was most prominent between inattention scores and vitality scales and between hyperactivity
symptoms and mental health scale scores. This study concluded that inattention was only
significant as a predictor of emotional outcome scores and hyperactivity was significant as a
predictor of both mental health outcome scores and social functioning scores. A relationship
between age/sex and aforementioned mental components was not found [48]. In contrast to
this report, a study revealed the predictors of QoL, reporting a difference in the QoL scores of
different sexes and pointing out that the QoL predictors were income levels for men and
inattention symptoms for women [49]. Because findings have revealed that the QoL and its
effects on sexes differ, there is a need for further evaluation of other environmental issues and
their roles in future studies.

Studies carried out with children and adolescents using ADHD-specific QoL scales have
highlighted similar conclusions as adult studies. A study conducted by college students
showed that the ADHD group reported a lower quality of life compared to the non-ADHD
groups [50]. Another study, a pooled analysis of a total of 136 girls and 658 boys (from one
Canadian sample and four European samples) with ADHD showed impaired QoL levels [51].
In conclusion, ADHD is associated with a variety of functional impairments in every aspect
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of daily life, from academic achievements to social and occupational areas in both children and
adults, as well as a significantly lower quality of life than of those without ADHD.

5. The relationship between ADHD symptoms and QoL

5.1. Symptom severity

A large number of studies in both adults and children with ADHD have shown that there is a
negative correlation between ADHD severity and QoL parameters. A study revealed a
relationship between a deteriorated QoL and ADHD symptom severity and unemployment
in patients aged over 50. Both the severity of ADHD symptoms and inattention symptoms
have been found to be correlated with the general activity levels of QoL scale scores and current
health status sub-scores [34]. Similarly, a negative correlation was reported between the
number of ADHD symptoms (ASRS) and the AAQoL total score [52]. Another study pointed
out that the ADHD-RS-IV scores of 725 adults with ADHD were correlated with an improve‐
ment in both ADHD symptoms and its health-related QoL domains. In this study, inattention
symptoms were found to be more predictive of QoL scores than that of hyperactivity/
impulsivity symptoms [53]. In a study of 369 university students with ADHD symptoms,
determined by using the “Diagnostic and Statistical Manual of Mental Disorders (DSM-IV)”
criteria, it was reported that their satisfaction with life scale (SWLS)’s scores were negatively
correlated with all the other measures. Among males, poor social functions were the best
predictor of dissatisfaction with life, whereas among females, it was poor emotional control.
This implied that both ADHD symptoms and associated problems are significantly related to
a lower satisfaction with life, arguing that ADHD symptoms and associated problems were
found to be negatively related to subjective well-being [54]. Similarly, Brod et al. (2006)
reported a negative correlation between adult self-report scale (ASRS) scores and QoL, where
more severe symptoms of ADHD were associated with lower levels of QoL [45]. Another study
evaluated the quality of life of 127 Israeli young adults who were living in community
residences, diagnosed with borderline intelligence quotient, and attention-deficit/hyperactiv‐
ity disorder. They studied the subjects with regard to their personal data, disability data, and
social ecology data. Overall, they discovered that the QoL was associated with their inclusive
education, the total attention-deficit disorder symptomatology score, the monthly income, the
amount of participation in leisure activities, and having a personal friend. Two significant
predictors of QoL were found to be attention-deficit disorder symptomatology score and
monthly income. Additional analyses indicated that among younger residents, the two
significant predictors were inclusive education and a high monthly income, whereas the
predictors for older residents were a low level of medical disability and a low attention-deficit
disorder symptomatology score [55].

Similar to studies of adults, studies of children with ADHD pointed out a negative correlation
between symptoms of ADHD and QoL domains. In their two studies, Wehmeier et al. (2010,
2012) showed a correlation between the ADHD rating scale and CHIP-CE [56] scores, another
generic QoL scale, where both were similar in both genders, with low scores at baseline
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measurement and increased to a moderate level at endpoint assessment [29, 51]. Another study
called ADORE, the ADHD Observational Research in Europe, made an important contribution
to the evaluation of QoL using parent report forms (PRF) of the Child Health and Illness Profile-
Child Edition (CHIP-CE) scales. With the participation of 1,500 parents from 10 European
countries, children with ADHD between the ages of 6 and 18 were evaluated. In their conclu‐
sions, higher ADHD scores were found to be a predictor of lower QoL scores [57]. Studies
using the CHQ-PF-50 scale for evaluating QoL found a statistically significant relationship
(from small to moderate range) between QoL and ADHD, where both inattention and
hyperactivity symptoms were found to be strongly related to psychosocial health subscale
scores [43, 58]. All in all, assessing the above-mentioned results, a negative relationship
between ADHD symptom severity and QoL, independent from age, is noticeable.

5.2. Functional impairment

The evaluations of QoL and functional impairment have many similar and different aspects
from each other. In adults, ADHD determined by using self-report evaluations was found to
be correlated with not graduating or being unemployed and these subjects were much more
likely to experience relationship problems than those without ADHD diagnosis [59]. Brod et
al.  (2012) examined the burden of illness and QoL in 24 patients over the age of 65 and
compared the findings of population data of younger adults with ADHD. Older ADHD adults
showed a significantly greater impairment in productivity and a better life outlook than
younger ADHD adults. In addition, 63% of participants had experienced problems such as
financial  difficulties,  academic  failures,  poor  working  performance,  and  social  isolation
accumulated over a lifetime of living with ADHD [60]. A community-based study evaluat‐
ing middle-aged adults with ADHD revealed a correlation between ADHD symptoms and
both  depression-anxiety  scores  and  functional  deterioration  (as  determined  in  “health,”
“subjective well-being,” “building of social relationship skills,” and “maintaining a healthy
relationship” measures). After controlling depression-anxiety symptoms, the relation found
between ADHD and functional deterioration was to remain [61]. Similarly, ADHD in young
adults (ages 18 to 30) was found to be associated with significant impairments in multiple
functional  domains [62].  In another study,  conducted with 3,400 university undergradu‐
ates, those with self-reported ADHD had significantly lower grade point averages, poorer
emotional stability, and greater academic and social concerns than students who had never
been diagnosed with ADHD [63]. Another study revealed that social functions were the best
predictor of dissatisfaction with life, whereas among females it was poor emotional con‐
trol, and both ADHD symptoms and associated problems are significantly related to a poorer
satisfaction with life [53].

Detecting problems at the functional level is mainly carried out by clinicians, while the
evaluation of QoL is done by the patient or their parents or caregivers. Rimmer et al. (2007)
reported a mild correlation between functional impairment evaluated by a clinician and a QoL
assessment carried out by children with ADHD or their parents [64]. In conclusion, studies
reported that ADHD causes deterioration in the functioning of patients. However, in each
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study, the affected life domains were found to be different. This situation could very well stem
from the chosen samplings’ age groups.

5.3. Comorbidity

A large number of studies pointed out that mental diseases accompanied by ADHD are
common, and this affects individuals’ QoL levels [37, 65-67, 69, 70]. A high level of psychiatric
disorder comorbidity was reported by Lensing et al. at a 70.9% rate in adults with ADHD. QoL
scores were found to be negatively affected in those who had comorbid psychiatric disorder.
Also, these patients’ QoL scores have been found to be lower in terms of their current health
status, general activity levels, and mobility [34]. A study examining the effects of depression
symptoms on QoL scores in adults with ADHD revealed that a total of 131 Korean soldiers
were included, and ADHD symptoms were found to be affected by the symptoms of depres‐
sion. However, depression symptoms had an indirect effect on QoL scores as a mediator [65].
Similarly, a study evaluating ADHD symptoms and anxiety-depression scores in 1382 of
young persons between ages 19 and 30 found that there was a correlation between ADHD
symptoms and anxiety or depression scores. The presence of depression or anxiety symptoms
was found to have a negative effect on QoL scores [66]. In another study conducted with 319
prisoners where the psychopathology and QoL were evaluated, 68 of them were diagnosed
with ADHD [67]. This showed that patients diagnosed with ADHD had more psychiatric
comorbid disorders. This study also revealed that although prisoners with ADHD had similar
risk factors than non-ADHD prisoners, their mental health, mental summary, emotional role
limitations, and social functioning scores, as assessed by SF36-QoL [68], the generic QoL scale,
were significantly lower than those of non-ADHD. Liew and Cavanna (2013) showed that those
with ADHD with Tourette syndrome (TS) had a lower HR-QoL level than that of patients
without it. They set out to compare tic severity and health-related quality of life (HR-QoL)
ratings between adult patients with TS versus patients with TS plus ADHD. Comparing 40
patients with only TS to 32 patients with TS plus ADHD using standardized self-report
measures of adult ADHD (Adult ADHD Severity Scale), tic severity (MOVES), and disease-
specific HR-QoL (Gilles de la Tourette Syndrome Quality of Life Scale, GTS-QoL), they found
a highly significant difference in tic severity as measured by the MOVES scale, with the TS
plus ADHD group reporting higher scores. Likewise, there were significant differences in GTS-
QoL scores, with the TS plus ADHD group demonstrating worse HR-QoL perception. Adult
patients with TS and comorbid ADHD tended to have higher tic severity and poorer HR-QOL
compared to patients with only TS. As a result, clinicians treating adults with TS should screen
their patients for residual ADHD symptoms in order to ensure that appropriate management
is provided to prevent potential behavioral difficulties and other functional impairments [69].
A study was reported in relation with psychiatric comorbidity, age, and sex in subjects up to
age 18 with treatment-naive ADHD. Results of this study were evaluated after being catego‐
rized as dimensional and categorical. A lower self-reported QoL was associated with females,
older subjects, more symptoms of anxiety, and trauma-related disorders (in dimensional
approach terms), and with comorbid diagnoses of trauma-related disorders and oppositional
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defiant disorder (ODD)/conduct disorder (CD)(in categorical approach terms). A lower parent-
reported QoL was related to older subjects and increasing number of symptoms of mood and
anxiety disorders on one hand, and any diagnosis of mood and anxiety disorders and
ODD/CD on the other. Consequently, researchers have emphasized that during the evaluation
of QoL in ADHD, age and sex variables, as well as both parents’ and children’s scales should
be evaluated altogether [70]. It can be concluded that comorbid psychiatric disorders accom‐
panying ADHD have a negative effect on QoL perceptions.

6. The effects of ADHD treatments on QOL

The concept of QoL has helped us understand the effects of medical conditions on individuals,
as well as increasing our awareness of how treatments of diseases affect patients’ life domains.
ADHD treatment options including psychosocial approaches and pharmacotherapies have
been shown to be effective in ameliorating both ADHD symptom scores and QoL measure‐
ments in both children and adults.

6.1. Psychosocial approaches and QoL in ADHD

There are a few studies regarding psychosocial programs and their effectiveness in treating
ADHD and improving QoL compared to the medication studies. Cognitive-behavioral therapy
(CBT) group intervention approach, one of the psychosocial methods, was shown as effective
in low self-esteem and self-efficacy domains in adults with ADHD [17]. In another randomized
controlled study, including a CBT booster-trial group, a CBT group and a control group, CBT
booster sessions were shown to be as effective on Chinese adults with ADHD [18], using
WHOQoL, another generic QoL scale [71]. Another study showed that CBT combined with
pharmacotherapy of ADHD resulted in improvements of overall functioning assessed by
clinical global impression scale (CGI) as well as ADHD symptoms [19]. Similarly, CBT
combined with usual ADHD medication improved both the self-rated ADHD symptoms and
social and occupational functioning in comparison to ADHD medication alone [20]. The other
psychosocial approaches added to the ADHD medication in adults were also reported to be
effective, though medication was found to be superior to placebo and psychosocial programs
[72]. On the other hand, a review examining the effects of psycho-education interventions on
outcomes of children and adolescents with ADHD highlighted that programs focusing on the
communication between children and their parents and/or teachers and coping skills of
parents had some positive effect on the clinical outcomes [73]. BPT has been shown to be
effective in parent-child conflicts to improve child oppositional behavior rather than ADHD
symptoms themselves [21]. Teacher training for contingency management procedures such as
strategy training and curriculum modifications as well as punishment techniques were also
found promising in altering the level of ADHD symptoms [22]. CBT was also shown as more
effective in adolescents with pure ADHD or in those with anxiety/depression symptoms
comorbidity than that of adolescents with ADHD and in those with comorbid oppositional
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defiant disorders [26]. Psychosocial interventions added to ADHD medication was reported
to be effective in ameliorating the core ADHD symptoms and functional impairments accom‐
panying it [74].

6.2. Atomoxetine (ATX) and QoL in ADHD

Medication use for ADHD treatment and its effects on QoL domains is a well-studied issue.
In the literature, studies evaluating QoL and ATX have been noticeably more common than
that of other agents. With randomized, double-blind, placebo-controlled studies, ATX had a
positive effect on the QoL of both adults and children with ADHD as well as with open-labelled
designed reports [29, 51, 53, 57, 62, 74-78].

For adults with ADHD, ATX is the only United States Food and Drug Administration (FDA)-
approved, non-stimulant drug. In studies conducted with adults with ADHD, the improve‐
ment of ADHD symptoms and QoL domains have been shown in many adult ADHD trials in
ATX treatment groups compared to the placebo group [62, 74-78]. These improvements were
not only statistically significant, but also showed a clinically meaningful improvement in
symptoms [79]. A double-blind, placebo-controlled study, during 12 weeks of ATX treatment
consisting of young adults with ADHD, revealed more improvement in ADHD symptoms,
executive functions, and QoL scores than that of the placebo group [62]. Similarly, in the first
large sampling of placebo-controlled prospective studies, ATX group’s QoL total scores and
all subscores (except for life outlook subscale) were found significantly improved compared
to the placebo group [75]. In the first placebo-controlled design of an Asian sampling study,
ATX was found as safe and tolerable in adults with ADHD for 10 weeks. Compared to the
placebo, ATX was more effective on ADHD core symptoms and showed more improvement
in QoL scores than that of the placebo group [76]. The study examined the effectiveness of ATX
in adults with ADHD, at 10 weeks of the treatment and at six months and total QoL scores and
ADHD symptom rating scores evaluated by the clinicians and clinical global impression scale
scores were found significantly improved over that of the placebo group [78]. The evaluation
of adults with both ADHD and comorbid social anxiety disorder after 14 weeks medication
with ATX revealed that QoL total scores, state anxiety scores, social anxiety scores, and clinical
global impression scores were significantly improved in ATX group over that of the placebo
group [80].

For children and adolescents, ATX has also been the most studied pharmacotherapeutic agent
in ADHD and QoL. In a randomized, placebo-controlled designed study of Swedish children
with ADHD, ATX treatment was found as effective on Child Health and Illness Profile (CHIP)
QoL domains [74]. Similar to this study, Escobar et al. (2009) reported that ATX was superior
to that of a placebo on CHIP-CE scores [81]. Another randomized, double blind, placebo
controlled study, conducted among 180 children and adolescents with ADHD and comorbid
ODD/CD for nine weeks, showed that ATX had a positive effect on QoL domains [82]. In
another study of comorbid oppositional defiant disorder and ADHD, Dell’Agnello et al. (2009)
showed that ATX was more effective on CHIP-CE QoL domains than that of a placebo [83].
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Also, with open-label designed studies, ATX has been shown to cause an increase in the QoL
of children with ADHD [84, 85]. Montoya et al. (2014) examined the prognostic factors of
improvements of ATX treatment in children and adolescents with ADHD, concluding that a
baseline level of impairment in health-related QoL could be an early prognostic factor of
clinical outcomes of ADHD treatment [86]. Also, another analysis of pooled data (from 5
clinical ATX trials (four from Europe and one from Canada) of similar durations (8- to 12-week
follow-ups) and with similar inclusion and exclusion criteria) evaluated whether gender makes
a difference in QoL domains with ATX treatments. It showed that there were correlations
between HR-QoL and ADHD core symptoms. Boys and girls were similarly impaired at
baseline with minor differences in some of the subdomains. The treatment effect of ATX was
significant in both groups for the risk-avoidance domain and its subdomains [51].

6.3. Stimulants and QoL in ADHD

There are relatively few studies related to QoL and stimulants such as methylphenidate (MPH),
amphetamines and lisdexamfetamine dimesylate (LDX), although they are the most used
agents in ADHD treatment. Adult studies with stimulants and QoL in ADHD unanimously
pointed out the efficacy of these medications on ADHD symptoms and QoL measurements.
Mattos et al. (2013) showed OROS-MPH, a long-acting methylphenidate, was found effective,
in a 12-week, multicenter, open-label trial involving 60 patients. All subscales of QoL improved
from baseline to week 12, as well as the total score of QoL. In addition, significant improvement
was pointed out by the Clinical Global Impression-Improvement (CGI-I) scale, depression
scale, state-trait anxiety scale, ADHD symptom rating scale [87]. The placebo-controlled study
examined the sleep quality and its relation with MPH treatment in adult patients with ADHD.
Then, pre-treatment and after-treatment of sleep parameters, activity, and circadian rhythm
were evaluated [47]. Data obtained from ADHD subjects at the beginning were compared with
healthy persons. Actigraphic sleep estimates revealed that ADHD subjects took longer to fall
asleep, had lower sleep efficiency, and had shorter uninterrupted night sleep. In addition,
ADHD subjects showed continuously elevated daytime activity levels, resulting in a 24-hour
pattern that was more stable and less variable than in controls. With MPH treatment, a decrease
was found in waking throughout the night sleeps, concluding that there was an improvement
in sleep quality despite the reduction in total sleep time. Kooij et al. (2001) evaluated the effect
of MPH and dextroamphetamine treatments on sleep parameters in 8 adults with ADHD in a
case-control study [88]. Actimeters were used to assess nocturnal motor activity for six
consecutive nights both at baseline and after three weeks of treatment. ADHD patients slept
worse and showed significantly higher nocturnal motor activity at baseline compared with
controls. When within-group changes were compared between ADHD subjects and controls,
treatment with stimulants tended to be associated with a reduction of Activity Level and
Movement Index scores and improved sleep quality in ADHD patients.

An open-labelled designed study examining effectiveness of long-acting amphetamines in
adults with ADHD for eight months found strong responses to the amphetamine treatment.
This study revealed that changes in the symptoms and treatment satisfaction mediate inde‐
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pendently the mental outcome of QoL but not the physical outcome. Inattention symptoms
were found as strong mediators for QoL outcomes compared to the disruptive behaviors [53].
A positive correlation between improvement of executive functions and health-related quality
of life scores in adults with ADHD treated with triple-bead mixed amphetamine salts (MAS)
was pointed out according to the evaluation of two large-sampled, randomized, placebo-
controlled and double-blind study results [89]. Similarly, another study in adults with double-
blind, placebo-controlled design for seven weeks showed a significant improvement in all
subscales of health-specific QoL scores compared to the placebo results [90].

LDX was also shown to be effective in both ADHD core symptoms and in QoL measurements
in adults with ADHD who had significant impairments [91]. Adler et al. (2013) examined the
effects of LDX on QoL in adults with ADHD and clinically significant executive function
deficits (EFD). In this 10-week randomized placebo-controlled trial study, LDX was just as
effective on QoL and EFD measurements [92].

Stimulants and their efficacies on QoL parameters in children and adolescents with ADHD
were also reported in the literature. Forty-five of treatment-naïve children with ADHD, aged
8–14, were assessed, based on self, parent, and teacher reports at the baseline and at the end
of the first and third months of MPH treatment, regarding changes in inattention, hyperac‐
tivity, impulsivity, depression, anxiety, and obsessive compulsive symptoms. Symptoms of
inattention, hyperactivity, and impulsivity were significantly reduced following a three-
month MPH treatment. There were significant decreases in depression, trait anxiety, and
checking compulsion symptom scores. Moreover, parents reported significant improvements
in psychosocial and total scores of quality of life [93].

Gerwe et al. (2009) showed that in their 8-week, prospective, open-label, non-interventional
trial, the impact of therapy with OROS-MPH on functioning in four different areas of life
(school, recreation, family life, and peer interaction), severity of disease, and quality of life
(QoL) as well as tolerability, were investigated under daily routine care. In this study, 306
patients, aged 10.2±2.3 years, were either transitioned to OROS-MPH from short-acting,
immediate-release MPH preparations, or treatment was initiated with OROS MPH in MPH-
naive patients. In both groups, therapy with OROS-MPH was associated with significant
improvements in daily functioning, severity of disease, and QoL [94]. Another double-blind,
open-label study designed with placebo controls examined MPH effects on QoL, conducted
with children aged 7–10 who have ADHD and developmental coordination disorder comor‐
bidity, over the course of four weeks. QoL was evaluated by using both children self-reports
and parents’ proxy-reports. Pre-treatment scores of autonomic, social, motor, cognitive
domains of QoL and general well-being scores decreased, and after MPH treatment, scores of
health-related QoL domains improved compared to the controls [95].

Lisdexamfetamine dimesylate (LDX) was also shown as effective in QoL measurements.
Banaschewski et al. (2014) evaluated the effectiveness of LDX on QoL in a total of 262 children,
aged 6–17, with ADHD [96]. CHIP-CE Parent Report Form, as QoL evaluation, was found
during the pre-treatment period as lower in 4 of 5 sub-scales as one standard deviation of
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normative means. After a treatment of 30–70 mg/day LDX for 26 weeks, all QoL subscale scores
were found to be improved compared to the baseline evaluation. After 26 weeks, 76 of 153
patients who used LDX continued to take the same dosage of LDX whereas 77 of them used a
placebo instead of LDX. During this new six-week period, QoL scores of all patients who used
placebos deteriorated, while there was no difference in QoL scores of patients who continued
with the LDX agent. During a six-week period, there was a statistically significant difference
in terms of “Avoidance Achievement,” and “Satisfaction domains” of QoL scores between two
groups (placebo and LDX).

Other pharmacological treatments undergoing clinical trials as are follows [30]:

• Long-acting clonidine hydrochloride (Clonicel) (is in Phase III).

• Pozanicline (ABT-089), a neuronal nicotinic receptor partial agonist, might prove to be
promising, as research has shown that this drug significantly improves QoL (measured with
AAQoL), improves the core symptoms of ADHD, and also reduces the overall work
impairment in the adult ADHD population.

• Sofinicline (ABT-894), another nonstimulant agent, is in clinical trials for ADHD and no QoL
data are yet available.

7. Conclusion and summary

QoL is one the most important variables for evaluating health issues. The QoL of subjects who
have ADHD has been revealed as decreased in almost all areas of life compared to the healthy
persons. This situation suggests that ADHD not only affects academic achievements of a
person but it also has a deteriorating effect on all aspects of life, including social and occupa‐
tional. These findings have the potential to be cornerstones of applying treatment choices and
regulating follow-up of ADHD. To be well-understood, the strengths and weaknesses of QoL
and ADHD studies are important for designing further studies.

Most studies evaluating the relation between ADHD and QoL seem to have used generic QoL
scales. These scales are appropriate and useful to determine QoL in different disease groups
or patients who have concurrent diseases. At the same time, it is undeniable that generic QoL
scales might not be correlated with the symptoms of ADHD, indicating that there is a need for
specific evaluation of core symptoms of ADHD and their probable effects on QoL domains. In
this perspective for evaluating adults and adolescents with ADHD and their QoL, self-report
ADHD-QoL scales such as “The ADHD Impact Module for Adults (AIM-A),” “The Adult
ADHD Quality of Life Scale (AAQoL),” and “The Adult ADHD Quality of Life-29 (AA‐
QoL-29)” or “The Weiss Functional Impairment Rating Scale WFIRS,” and “The ADHD Impact
Module-Child; AIM-C” are profitable. For QoL of children with ADHD, it is recommended
that both self-report and the parent proxy forms of ADHD-QoL scales be used including “The
EuroQoL Five-Dimension Questionnaire-Parent-Proxy Version; Parent-proxy EQ-5D.”
Because the number of ADHD-specific QoL scales is very limited, an increase in the number
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of ADHD-specific QoL scales that have high reliability and validity scores will be useful for
further application and evaluation of QoL in ADHD.

According to the literature, ADHD symptoms continue through the life span in many of the
patients. This situation recalls that following the treatment and symptoms of ADHD in patients
with ADHD, the child, adolescent, and adult forms of scales need to be used. In addition,
ADHD has one of the most frequently observed comorbidity rates among the psychiatric
disorders. In assessing QoL in ADHD, the frequency of comorbidity stands out as an aspect
to be taken into consideration.

ADHD treatment consists of both pharmacological and non-pharmacological interventions.
There is a specific notification that psychosocial interventions for treating of ADHD in both
adults and children are seen at a lesser extent compared to the medication use. It is crucial to
examine the further psychosocial approaches and their effects on both ADHD symptoms and
QoL in adults and children. The use of many pharmacological agents in ADHD treatments has
been correlated with an improvement in QoL scores. However, the presence of a small number
of randomized placebo-controlled studies with agents, except atomoxetine, draws attention.
In addition, there is a need for further study, including comparisons with different pharma‐
cotherapic agents. In addition, non-pharmacological interventions and their effects on QoL in
patients with ADHD or the effectiveness of combined treatment modalities should be carried
out in the near future.

Appendix

QoL scales

QoL scales are evaluated generally under two main headings; a general (generic) evaluation
of well-being, and the QoL developed after a specific disorder. Generic and health-specific
QoL scales both have superior and limiting aspects from one another. Generic QoL scales are
created by comparing two people: one with any disorder and one who is healthy. Therefore,
generic QoL scales have advantages in terms of applicability to public health studies, and
comparison studies enabling the evaluation of subjects with disease and subjects without.
However, the low sensitivity of generic QoL scales and their long-term evaluation phases can
be seen as negative aspects. Disease-specific QoL scales are valid only during the evaluation
of the disease they have been developed for. This increases the internal consistency of the scale,
as well as the sensitivity and specificity. However, a negative aspect of disease-specific QoL
scales is that they are valid only for a single disease and there is the question of which scale
should be used for patients with multiple diseases [7].

Studies of QoL scales first began in adult groups. For evaluating physical functions of adults
in QoL measurements, activities such as working conditions, self-care, tasks within the family,
the ability to walk up the stairs, and the ability to sweep the house are questioned. From these
studies, there are several QoL scales for evaluating the adults’ QoL domains. On the other
hand, it has since become clear that the evaluation of children’s QoL has many different aspects
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than adult QoL assessments. Activities, for instance, are differently evaluated from children
with parameters like being able to eat, going to the toilet on their own, being able to perform
minor chores, and gaming activities. Although activities in school or relationships with friends
are not crucially important in adults when assessing social functioning, in children activities
in school, peer relations, game playing, and adjustments to school are very important. Areas
of emotional and cognitive functioning, body image, autonomy, family relations, and expect‐
ations of the future should be assessed for each age group (adults, adolescents, and children)
differently. For these reasons, during QoL evaluations, using adults’ QoL scales to evaluate
adolescents or using scales developed for evaluating adolescents or children is not deemed
appropriate without making age-appropriate changes [58].

The question of whether or not the assessment of QoL of children should be made by children
themselves or their parents has been discussed for many years. Some researchers argue that a
subjective assessment is more valuable because it reflects the conditions of children from their
own perspective, while others suggest that an objective assessment made by parents with
proxy scales has more validity [7, 97]. In general, it is proposed that scales used for evaluating
QoL should be filled by the individual himself. However, the necessity of using proxy-report
scales instead of self-report scales in persons who are too old, too young, or too sick to fill out
the forms themselves has brought about the discussion of who will fill out the QoL scales. In
last decade, the idea that children, after 3 years of age, need to self-assess their quality of life
as much as possible has become more dominant. If children or adolescents are too young or
too sick to answer the questions, or if they do not wish to, then, to evaluate their QoL, the use
of the parents’ version of QoL scales is recommended. In this case, the negative aspects of using
parents’ scales should be considered, which are as follows:

• Parents will not be able to know precisely what their child is experiencing from the symp‐
toms, the child’s relationship with his peers, or about his concerns for the future.

• Being affected by other children while filling out the scales, or the possibility of being
affected by their own expectations and hopes, stress, or mental states at that moment.

Where possible, the use of scales that can be compared between parents and children seems
to be the most appropriate solution. However, because these scales are limited in number and
the results of the parents and children are not always compatible with each other, there are
difficulties in using combined parent proxy and self-reporting. When analyzing parents’ and
children’s scales simultaneously, children, unlike their parents, did not seem to be affected by
the cause of the disease or its treatment; they look at their disease more optimistically. Having
friends and their ability to run and play are the more important issues for them than the
necessity of basic skills and aptitudes. Besides this, it should be noted that the level of the
cognitive development of the child affects the ability to fill out the scale [7].

Generic QoL scales

Some generic QoL scales used in adults and children and adolescents are as follows:

For adults
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1. The Quality of Life Enjoyment and Satisfaction Questionnaire Short Form (QLESQ-SF): It
has five domains of questioning, including physical health, mood, family relationships,
ability to function in daily life, and taking any treatment or medication, via a Likert-type
order from very poor to very good [31].

2. The EuroQoL-Five Dimension Scale (EurQoL-5D): This is a standardized instrument
designed by EurQoL Group evaluating health outcomes and is comprised of five dimen‐
sions: mobility, self-care, usual activities, pain/discomfort, and anxiety/depression, each
with three response levels: no problems, some problems, and extreme problems. It is also
allowed to rate each dimension on a vertical visual analogue scale (VAS) from 0 (worst
imaginable health state) to 100 (best imaginable health state) [33].

3. The General Health Questionnaire-28 (GHQ-28): This scale is a summary of GHQ and
consists of four subscales: somatic symptoms, anxiety and insomnia, social dysfunction,
and severe depression [36].

4. The Short Form-36 General Health Survey Questionnaire (SF-36): This is a short ques‐
tionnaire with 36 items that measure eight of multi-item variables: physical functioning,
social functioning, role limitations due to physical problems, role limitations due to
emotional problems, mental health, energy and vitality, pain, and general perception of
health. It uses a scale of 0 to 100, with higher scores representing a better quality of life [68].

5. The World Health Organisation Quality of Life Scale (WHOQoL): The WHOQOL has been
developed collaboratively in several culturally diverse centers over four years and
contains a multi-dimensional profile of scores across 6 domains and 24 subdomains of the
quality of life. It assesses individuals’ perceptions of their positions in life in the context
of the culture and value systems in which they live and in relation to their goals, expect‐
ations, standards, and concerns [71].

For children and adolescents:

1. The Pediatric Quality of Life InventoryTM4.0 (PedsQLTM4.0): This scale was developed by
Varni et al. (1999) and is used in children aged 2–18 years. There are both child forms for
ages 5 and up, and parallel parent scales for all age groups. In addition, all forms of the
scale for age groups 2–4, 5–7, 8–12, and 13–18 have been arranged to contain minor
differences according to the age group’s characteristics. It has four main domains,
including physical, emotional, social, and school-related functioning. A large number of
studies in different languages have been carried out to determine the reliability and
validity of PedsQLTM4.0. It is a Likert-type scale and it can easily be completed within 5–
10 minutes [38].

2. The Child Health Questionnaire (CHQ): It was validated by Landgraf, Abetz, and Ware
(1996) and was examined for its reliability and validity with a group of children, ages 5–
18. It is available in many different languages (Arabic, Bulgarian, Chinese, Danish,
English, German, Spanish, etc.). CHQ has 12 subscales and 2 summary scores. It has a
child’s form (CHQCF-87 items) and two types of parents’ forms (CHQ-PF-28, and 50
items). However, these are not parallel versions. CHQCF-87 was developed to be com‐
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ages 5 and up, and parallel parent scales for all age groups. In addition, all forms of the
scale for age groups 2–4, 5–7, 8–12, and 13–18 have been arranged to contain minor
differences according to the age group’s characteristics. It has four main domains,
including physical, emotional, social, and school-related functioning. A large number of
studies in different languages have been carried out to determine the reliability and
validity of PedsQLTM4.0. It is a Likert-type scale and it can easily be completed within 5–
10 minutes [38].

2. The Child Health Questionnaire (CHQ): It was validated by Landgraf, Abetz, and Ware
(1996) and was examined for its reliability and validity with a group of children, ages 5–
18. It is available in many different languages (Arabic, Bulgarian, Chinese, Danish,
English, German, Spanish, etc.). CHQ has 12 subscales and 2 summary scores. It has a
child’s form (CHQCF-87 items) and two types of parents’ forms (CHQ-PF-28, and 50
items). However, these are not parallel versions. CHQCF-87 was developed to be com‐

ADHD - New Directions in Diagnosis and Treatment214

pleted by children aged 10 or older. CHQ is frequently used to assess the QoL of children
with different diseases [40].

3. The Child Health and Illness Profile (CHIP): It was developed by Starfield et al. (1995),
assessing five domains that include achievement, comfort, resilience, risk avoidance, and
satisfaction with health and self. CHIP has three versions: an adolescent form (CHIP-AE;
ages 11–17), an illustrated form for children (CHIP-CE; ages 6–11), and a parallel version
to measure the parental perspective on children’s health and well-being (CHIP-PRF) [56].

4. The Dutch-Child-AZL-TNO-Quality of Life Questionnaire (DUX-25): This scale was
validated by Kolsteren et al. (2001) as a generic instrument with identical proxy and self-
report forms. It has 25 items and is used for children aged 5 to 16 years [98].

5. TNO-AZL-Child Quality of Life (TACQOL) Questionnaire: It was developed by Vogels
et al. (1998) and measures problems in seven domains: (1) bodily functioning (fatigue and
pains), (2) motor functioning, (3) autonomic functioning, (4) cognitive functioning
(school), (5) social functioning (peers, family), (6) positive moods, and (7) negative moods.
All seven domains include eight items [99].

6. The Kinder Lebensqualitatsfragebogen (KINDL, German Quality of Life Questionnaire):
It is a validated tool comprised of 24 items, created by Ravens-Sieberer and Bullinger
(1998). It has six subscores: physical well-being, emotional well-being, self-esteem, family,
friends, and school. Three versions (KID-KINDL; KIDDO-KINDL; KINDL for parents)
were used according to the age group. KID-KINDL was used for children aged 6–11 years,
KIDDO-KINDL for adolescents aged 12–17 years, and KINDL for parents of patients aged
6–17 years [100].

ADHD-Specific QoL Scales

Because the assessment of QoL with generic measures has the potential disadvantage of
emphasizing areas of disability that are inappropriate to the disorder in question, there have
been several attempts to construct new evaluation scales, for both adults and children. The
generic QoL scales such as SF-36, for instance, may not be correlated with the symptoms of a
specific disorder like ADHD, indicating the need for specific QoL instruments [101]. Health-
related QoL scales are not purely related with the disease itself, but are also associated with
other factors such as family, friends, and socioeconomic and cultural issues. This situation
emerges as a complicating factor in evaluating the relationship between the disease and the
QoL. Some disease-specific QoL scales used in adults, children, and adolescents with ADHD
are as follows:

For adults:

1. The Adult ADHD Quality of Life Scale (AAQoL): This scale, validated by Brod et al. (2006),
is a Likert-type scale consisting of 29 items distributed in the following four domains: life
productivity (11 items), psychological health (6 items), life outlook (7 items), and rela‐
tionships (5 items)[45].

2. The Adult ADHD Quality of Life-29 (AAQoL-29): It is a participant-reported outcome
measure used to examine disease-specific functional impairments and quality of life in

The QoL in ADHD
http://dx.doi.org/10.5772/60955

215



adults with ADHD. The AAQoL includes “life productivity,” “psychological health,”
“quality of relationships,” and “life outlook” subscales. Higher scores on the AAQoL-29
indicate better functioning [75].

3. The ADHD Impact Module for Adults (AIM-A): AIM-A is a validated measurement of
the quality of life in adults with ADHD. The AIM-A measures the following multi-item
concepts: living with ADHD (10 items), general well-being (11 items), performance and
daily functioning (10 items), relationships/communication (8 items), bothersomeness/
concern (9 items), and daily interference (9 items). Like SF-36, it uses a 0-to-100 scale, with
higher scores representing a better quality of life [102].

For children and adolescents:

1. The ADHD Impact Module-Child (AIM-C): This is a disease-specific HRQoL survey
instrument, consisting of two core multi-item scales to assess HRQL impact on the child
and family. The child scale includes 8 items that measure the well-being of the child, and
the home scale includes 10 items that assess the impact on the family/parent at baseline
and study endpoint. In addition, the AIM-C includes 10 clinical treatment questions, a 6-
item school cooperation scale, 9 parent attribute/knowledge items, 4 economic impact
items, and 4 demographic questions answered by the subject’s parents [44].

2. The Weiss Functional Impairment Rating Scale (WFIRS): This scale evaluates ADHD-
related functional impairment. It shares many similarities with measures of QoL. The self-
report form of the scale (WFIRS-S) is appropriate for adolescents and adult reporting of
functional impairment associated with ADHD. It contains 68 items spanning six func‐
tional domains: home, self-concept, learning and work, activities of daily living, social
activities, and risky activities. The parent form of the scale (WFIRS-P) consists of 50 items
to be filled out by parents. Each item is measured on a four-point Likert scale. It measures
functioning across six domains: family, learning and school, life skills, child’s self-concept,
social activities, and risky activities [103].

3. The ADHD Quality of Life Scale (ADHD/QoLS): It was developed by Dolgun et al. (2005).
The ADHD/QoLS is designed for children aged 8–12. It has 30 items and they are on a 5-
point Likert scale with five responses ranging from completely false to completely true.
The scale is comprised of three subscales: cognitive, social, and psychological [104].

4. The EuroQoL Five-Dimension Questionnaire-Parent-Proxy Version (Parent-proxy
EQ-5D): This proxy version of EQ-5D was tested by Matza et al. (2005) in a sample of
children with ADHD in the United States and the United Kingdom, measuring of ADHD
symptoms based on the DSM-IV criteria. The EQ-5D scales were also significantly
correlated with the ADHD-RS scales. The proxy version of the EQ-5D completed by
parents was able to detect impairment in children diagnosed with ADHD in the United
States and the United Kingdom. Significant correlations were found with an ADHD
symptom measure and previously validated multi-dimensional QoL instruments. These
results suggest that parent-proxy EQ-5D ratings are feasible and valid to be used as a part
of an overall health outcome assessment in clinical studies of childhood ADHD [105].
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Study N & Mean age Design &
Duration

Drug & Dose Questionnaire Main outcomes

Wehmeier et al
(2012)
[36]

794 (136, girls,
mean age 9.6; 658
males, mean age
9.7)

5 ATX follow-up
trials (4 of
Europe, one
from Canada 8-
to12-week meta-
analysis

ATX, up to 1.8
mg/kg/day,

CHIP-CE-PRF,
HRQoL,
ADHD symptoms

ATX was effective in
improving some aspect of
HR-QoL in both genders,
correlation between core
symptoms of ADHD and
HR-QoL were low to
moderta in both gender.

Wehmeier et al
(2011)
[80]

180, children and
adolescents (6-17
years)

Randomized,
double blind,
placebo
controlled, 9-
weeks

ATX, up to 1.2
target dose
mg/kg/day,

KINDL-R Positive effects of ATX on
QoL (emotional well-
being, self-esteem, friends
and family, in children and
adolescents with ADHD
and comorbid ODD/CD).

Wehmeier et al
(2010)
[23]

794 (611:children,
183:adolescent)

5 ATX follow-up
trials (4 of
Europe, one
from Canada 8-
to12-week meta-
analysis

ATX, up to 1.8
mg/kg/day,

ADHD-RS, CHIP-
CE

Atomoxetine was effective
in improving some aspects
of HR-QoL in both age
groups. Correlations
between core symptoms of
ADHD and HR-QoL were
low to moderate.

Becker et al
(2011)
[22]

721, children and
adolescents (6-17
years)

Open-label
OBSEER study

Once-daily
modified-
released (MR)
MPH

SDQ,
KIND(parent,
child or
adolescent
versions)

ADHD had low QoL,
independent of core
symptom severit. QoL
lower in additional
conduct disorder,
medication was effective.

Gerwe et al
(2009)
[88]

306, mean age
10.2±2.3

Open-label, non-
interventional
study,
8 weeks

OROS-MPH, IR-
MPH

Non-validated,
simplified Likert
type scales

The importance of a
therapy that covers not
only school-time, but also
takes other areas of life
into account. Initiating
treatment with long-acting
preparations, such as
OROS(®) MPH in MPH-
naïve patients might be a
feasible option.

Prasad et al
(2007)
[76]

201 Open-label, 10
weeks

ATX, 0.5-1.8
mg/kg/day

CHIP-CE Parent
Report Form
ADHD-RS,
CGI-S, CGI-I

CHIP-CE score was
significantly higher for
patients treated with ATX.
ADHD-RS, CGI-S, and
CGI-I scores were
significantly
different in favour of ATX.

Dell’Agnello et
al (2009)
[77]

139 RDBPC, 8 weeks Atomoxetine,
1.2 mg/kg/day

CHIP-CE Parent
Report Form,
CGI-ADHD-S,

CHIP-CE scores for risk
avoidance domain,
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Study N & Mean age Design &
Duration

Drug & Dose Questionnaire Main outcomes

CPRS-R:S,
CTRS-R:S

emotional comfort and
individual risk avoidance
subdomains were
improved by ATX. An
improvement in all the
subscales of Conners was
observed with ATX.

Escobar et al
(2009)
[78]

149 RDBPC,
12 weeks

Atomoxetine,
1.2 mg/kg/day

CHIP-CE Parent
Report Form

ATX improved HRQoL by
parents and in the risk
avoidance domain by
patients. A modest
correlation of clinical
severity with HRQoL was
found in this clinical
population.

Svanborg et al
(2009)
[79]

99 RDBPC,
10 weeks

Atomoxetine,
1.2 mg/kg/day

CHIP-CE Parent
Report Form

ATX combined with
psychoeducation had a
positive effect on coping
abilities of the patients and
their families.

Perwien et al
(2006)
[75]

912, 6-17 years Open-label, 10
week acute, 24
months

ATX CHQ parent
report form

Improvements in HRQL
were found both acute and
long-term treatment for
psychosocial health.

Gurkan et al
(2010)
[87]

45, 8-14 years Open-label, 3
months

MPH PedsQL (parent,
children forms)

Depression, trait anxiety
and compulsion symptoms
decreased and QoL
improved along with
ADHD symptoms

Flapper et al
(2008)
[89]

23, 7-10 years Open-label, 4
week

MPH DUX-25,
TACQoL parent
children forms

HRQOL scores improved
in 18 children receiving
MPH. The ADHD/DCD
group also demonstrated a
significant improvement in
ADHD symptoms and
motor functioning.

ADHD-RS-IV: ADHD Rating Scale-IV; YQoL-R: Youth QoL-Research Version; HR-QoL: Health-related quality of life;
BRIEF-A: Behaviour Rating Inventory of EF-Adult; GEC: Global Executive Composite; CHIP-CE- PRF: Child Health and
Ilness Profile-Child Edition-Parent Rating Form, Weiss functional impairment rating scale-parent report; ADHDRS-IV-
Parent: Inv total score; TQoLA: Taiwanese Quality of life questionnaire for adolescents, SDQ: strengths and difficulties
questionnaire, CHQ= The Child Health Questionnaire; RDBPC =Randomized,double-blind,placebo controlled; CHIP-CE
= Child Health and Illness Profile-Child Edition ; TQOLQA=Taiwanese Quality of Life Questionnaire for Adolescents;
PedsQL= Pediatric Quality of Life Inventory; DUX-25= Dutch-Child-AZL-TNO-Quality of Life Questionnaire; TAC‐
QOL=TNO-AZL-Child Quality of Life; MPH =Methylphenidate, CPRS-R:S: Conners Parents Subscale, CTRS-R:S: Conners
Teacher Subscale,

Table 1. Studies of the impact of treatment on QoL of children with ADHD
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Study N & Mean age Design &
Duration

Drug & Dose Questionnaire Main outcomes

Altin et al
(2014)
[44]

18-30 years randomized,
double-blind,
plasebo-
controlled, 12
weeks

ATX CAARS-Inv: SV
total score,
AAQoL-29, CGI-
ADHD-S, CGI-I,
CAARS and
BRIEF-AV Self-
Reports

Atomoxetine reduced
ADHD symptoms and
improved quality of life
and executive
functioning deficits in
young adults compared
with placebo.

Adler et al
(2013)
[97]

159, adults with
clinically
significant
executive
function
deficits (EFD)

Randomized
placebo
controlled, 10
weeks

LDX, 30-70 mg/day, EFD (BRIEF-A,
GEC)
ADHD-RS-IV,
CGI-S, AAQoL,
AIM-A

Aduls with ADHD/EFD
exhibited self-reported
improvement on QoL,
AIM-A and AAQoL
correlate with medium/
large ES, these
improvements parallel by
improvements in EF and
ADHD symptoms.

Durell et al
(2013)
[73]

445, 18-30 years randomized,
double-blind,
plasebo-
controlled, 12
weeks

ATX the AAQoL-29 Score decreases from
baseline to the 12-week
end-point greater in ATX
group for the AAQoL-29
total score and all the
subscale scores, except
“life Outlook subscale”
score.

Goto et al
(2013)
[81]

391, adults
from Japan,
Korea, and
Taiwan

Randomized,
double-blind,
plasebo-
controlled, 10
weeks

ATX CAARS-Inv: SV
total score, QoL

ATX effective in
improving QoL and
executive function as
well as ameliorating core
ADHD symptoms in
adult Asian patients

Mattos et al
(2013)
[90]

60, adult, mean
age 31.1 years

Multicenter,
open-label trial,
12 weeks

OROS-MPH Adult Self-Rating
Scale, AAQoL,
STAI, HAM-D,
CGI

A significant reduction
on CGI-I, HAM-D, STAI,
and ASRS scores was
observed

Weiss et al
(2010)
[39]

725, adults, QUEST study,
open-label,
8 months

Long-acting mixed
amphetamine salts
extended release

ADHD symptoms,
medication
satisfaction
mediate quality of
life

Symptom change and
satisfaction with
medication
independently mediate
change in mental but not
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Study N & Mean age Design &
Duration

Drug & Dose Questionnaire Main outcomes

physical quality of life
outcomes.
Attention is a stronger
mediator of
ADHD-specific quality of
life outcomes.

Brown and
Landgraf
(2010)
[91]

Adults 2 of randomized,
double-blind,
placebo-
controlled trials,

(MAS (SPD465) BADDS, AIM-A Improvement in
executive function
correlates with reported
improvement in HRQOL
as assessed in 2
independent clinical
trials

Adler et al
(2009a)
[83]

442, adults with
ADHD and
social anxiety
disorder

Randomized,
double-blind,
placebo-
controlled, 14
weeks

ATX, 40-100 mg CAARS:Inv:SV,
LSAS, CGI-O-S,
STAI, SAS,
AAQoL-29

CGI-O-S, STAI, AAQoL
score changes greater in
favour of ATX, STAI
scores was comparable.
SAS scores were similar
with placebo.

Adler et al
(2009b)
[86]

501, adults randomized,
double-blind,
placebo-
controlled, 10
weeks, then 6-
month trial

once-daily morning-
dosed ATX

AISRS,
CAARS:Inv:SV,
CGI-ADHD-S,
AAQoL

Once-daily morning-
dosed atomoxetine is
efficacious for treating
ADHD in adults
when measured 10 weeks
and 6 months after
initiating treatment.

Spencer et al
(2008)
[92]

274, adults
(18-55 years)

Randomized,
double-blind,
plasebo-
controlled, 7
weeks

MAS (SPD465),
12.5-75 mg/day

AIM-A, ADHD-
RS-IV, CGI

Triple-bead MAS was
significantly more
effective than placebo in
adult ADHD.

Boonstra et al
(2007)
[94]

39 normal
controls, 33
adults with
ADHD for
baseline
comparison 31
adults with

1) Baseline
group
comparison;
2) Double blind,
placebo-
controlled,
cross-over
medication

MPH, placebo Actigraphy,
sleep log data,

Sleep problems are
inherent in adults with
ADHD and that
methylphenidate
reduced total sleep time
but improved sleep
quality
by consolidating sleep.
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Study N & Mean age Design &
Duration

Drug & Dose Questionnaire Main outcomes

ADHD
medication

Adler et al
(2005)
[82]

384, adults
from 31 sites

ongoing, 3-year,
open-label
study, up to 97
weeks

ATX CAARS-Inv:SV Significant improvement
was noted with
atomoxetine therapy,
with mean
CAARS-Inv:SV total
ADHD symptom scores

Michelson et
al (2003)
[84]

280 (study 1),
adults
256 (study 2),
adults

randomized,
double-blind,
placebo-
controlled, 10-
week

ATX Conners' Adult
ADHD Rating
Scale.

ATX as efficacious
treatment for adult
ADHD.

Kooij et al
(2001)
[93]

8 adults, Open-label, 7
days

MPH (51 mg: 30-90
mg) for 7 cases,
dextroamphetamine
(30 mg) for one case

Activity level
Movement index
scores

Treatment with
stimulants associated
with a reduction of
activity Level and
movement index scores
and improved sleep
quality in ADHD.

CAARS-Inv: SV: Conners' Adult ADHD Rating Scale-Investigator Rated: Screening Version; AAQoL: Adult ADHD
Quality of Life Scale; STAI:State and Trait Anxiety Inventory, HAM-D: Hamilton Depression Rating Scale, CGI: Clinical
Global Impression, MAS: triple-bead mixed amphetamine salts, AIM-A: Adult ADHD Impact Module, ADHD-RS-IV:
ADHD Rating Scale-IV, TASS: Time-Sensitive ADHD Symptom Scale, BADDS: Brown Attention-Deficit Disorder Scale,
ASRS: Adult ADHD Self-Report Scale, GAF: Global Assessment of Functioning, CGI-I: Clinical-Global-Impressions-
Improvement Scale, CGI-ADHD-S: Clinical Global Impression-ADHD-Severity, BRIEF-AV: Behavior Rating Inventory
of Executive Function-Adult Version Self-Report, LSAS: Liebowitz Social Anxiety Scale, CGI-O-S: Clinical Global
Impression-Overall-Severity, STAI: State-Trait Anxiety Inventory, SAS: Social Adjustment Scale-Self Report, AAQoL-29:
Adult ADHD Quality of Life Scale-29, AISRS: Adult ADHD Investigator Symptom Rating Scale, CGI-ADHD-S: Clinical
Global Impressions-ADHD-Severity, BADDS: Brown Attention-Deficit Disorder Scale, BRIEF-A: Behaviour Rating
Inventory of Executive Function-Adult Version Self-Report.

Table 2. Studies of the impact of treatment on QoL of adults with ADHD
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Abstract

The present study was designed to identify predictors of college student success. More
specifically, the study examined seven potential predictors for each of three measures
of student success. These predictors were year in college, three academic variables
and three measures of psychological well-being. It was found that self-identification
of ADHD symptoms was a negative predictor of student success, whereas under‐
standing college policies, study skills and appreciation of the liberal arts were all
positive predictors of at least one of the measures of student success.

Keywords: college success, well-being, academics

1. Introduction

1.1. Symptoms of ADHD, psychological well-being, appreciation of the liberal arts and
college student success

Measures of student success in college have been extensively studied and often focus on grade
point average (GPA) and graduation rates. Graduation rate is not only a measure of student
success, but is also increasingly being viewed as an overall measure of the success of the college
or university. However, an overall measure of college or university success should be based
on a broader definition that includes measures such as students' satisfaction with their choice
of higher education institution, as well as with their choice of academic major, though these
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have been much less commonly studied. Regardless of the definition, some students are at an
increased risk of experiencing difficulties with success in college. Among these are students
with ADHD, who have been found to have lower levels of academic achievement [1], as well
as poorer social and emotional adjustment to college [2]. Understanding predictors of college
student success from a variety of perspectives will allow for more targeted interventions to
improve retention and adjustment, both in the general college population and particularly
among students with elevated symptoms of ADHD.

2. Predictors of success in college

Not surprisingly, due to the importance of higher education for both students and society,
many studies have examined the predictors of student success. Early studies noted, for
instance, that college success, as measured by college grade point average, was positively
correlated with high school success as measured by high school GPA, as well as by achievement
test scores (reviewed in [3]) and these variables continue to predict academic success [4, 5].
Additional variables such as the mastery of study skills have also been found to be positively
associated with college GPA, both in the past and in more recent research [6, 7].

However, college success involves more than simply the student’s GPA. More recently, the
focus on this subject has broadened to include other factors that define college success. For
example, a major factor is how well a student adapts to college life and its demands. To measure
this construct, Baker and Siryk [8, 9] developed the Student Adaptation to College Question‐
naire. Among the factors that have been found to be related to adaptation to college are student
religiosity [10], marriage status [11] and attitudes toward seeking professional counselling [12].
Recently, Norvilitis and Reid [7] examined multiple predictors for several measures of
academic success and found that parental encouragement of intellectual curiosity during
childhood, ADHD symptomatology and varying motives for attending college were also
predictive of success, as indicated by measures of academic adjustment, social adjustment and
satisfaction with life.

Although student adaptation to college has been studied in some detail, fewer studies have
utilized an overall measure of student satisfaction as a measure of college success [13, 14]. This
would seem to be a reasonable measure and though limited, the data available support the
view that a general measure of student satisfaction is associated with college GPA and
measures of student adaptation to college [13, 14]. A more specific measure, satisfaction with
one’s major, also appears to be an important correlate of success in college. As expected, the
evidence indicates that choice of major and career directedness are both associated with
increased student retention [15]. Conversely, frequent change of major is associated with lower
levels of college student well-being [16].

Thus, a number of variables have been reported to be associated with college success. The
present study incorporates a comprehensive set of measures for student success and focuses
on how these relate to an at-risk population of students, i.e., those exhibiting symptoms of
ADHD, depression or anxiety. More specifically, the present study sought to explore the
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predictors of three facets of college student success: GPA, student adaptation to college and
satisfaction with one’s major. As noted above, many predictors of student success have been
examined in the past, while others still require additional research. For example, Norvilitis
and Reid [7] noted that an appreciation of the liberal arts is associated with student success.
This suggests that the degree of correspondence between the student’s educational values and
the liberal arts college’s educational mission is important; however, to date, this finding has
not been replicated. Another underexplored predictor of college student success is the
student’s understanding of college policies. In order for students to graduate, they must not
only maintain an adequate GPA, but they must also adhere to numerous college policies such
as those related to repeating courses, the number of credits required to graduate and meeting
prerequisites for courses. It is reasonable to expect that students with a better understanding
of these policies will be more successful in college.

3. Attention deficit hyperactivity disorder and success in college

College students with ADHD are at a unique disadvantage when it comes to college adjust‐
ment. Symptoms of ADHD are associated with poorer study skills; specifically, those with
ADHD prefer studying at a surface level, rather than at a deep level both in terms of motives
and strategies [17]. Related to this, higher levels of ADHD symptoms have been reported to
be negatively associated with college success as measured by academic adjustment and GPA
in the US [18, 19] as well as in China [20].

In addition to their academic struggles, college students with more symptoms of ADHD also
have difficulties with peers. Those with ADHD report feeling less competent at providing
emotional support to and managing interpersonal conflict with their peers who exhibit fewer
symptoms, though they do not report more difficulties with initiating social contact or
disclosing personal information [21]. This pattern suggests that, although those students with
more ADHD symptoms may be able to initiate friendships, subsequently progressing to the
deeper, supportive friendships that are critical to success in college – particularly for those
living away from home – may be especially challenging.

Further complicating matters, those with more symptoms of ADHD are at an increased risk
for other disorders, most notably, anxiety and depression. Estimates show that up to 36% of
children and adolescents with ADHD also meet the criteria for anxiety disorders [22]. Although
specific rates of anxiety disorders in college students have not been determined, it is clear that
many students with ADHD also struggle with anxiety symptoms and disorders. For example,
Nelson, Lindstrom and Foels [23] reported that close to half of college students with ADHD
reported clinically meaningful levels of test anxiety. Similarly, those with ADHD also experi‐
ence higher rates of depression than the general college student population [24-26].

As a result, the present study sought to examine a series of predictors of different aspects of
college student success with an emphasis on students in at-risk populations. More specifically,
predictors of success included indicators of psychological well-being, including measures of
ADHD, depression and anxiety, as well as a series of more general predictors including student
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understanding of college policies, appreciation of the liberal arts and study skills. The study
incorporated three measures of student success: GPA, attachment to their college and satis‐
faction with their academic major. It was predicted that student satisfaction with their choice
of academic major and college would be associated with their psychological characteristics, as
well as with the match between their academic goals and the mission of the college. More
specifically, it was hypothesized that those students with elevated symptoms of ADHD,
anxiety and depression would have lower grade point averages and poorer study skills, as
well as less satisfaction with their choice of major and college. Finally, it was predicted that at
a liberal arts college, students’ satisfaction with their academic major and choice of college
would be correlated with the degree to which they personally valued the liberal arts.

4. Method

4.1. Participants

A total of 212 participants enrolled in a large, urban, public, liberal arts college completed the
survey. Of these, 72 (34%) were male and 140 (66%) were female. There were 48 (23%) freshmen,
40 (19%) sophomores, 70 (33%) juniors, 42 (20%) seniors and 11 (5%) second year seniors. The
participants self-identified as 146 (71%) Caucasian, 44 (21%) African American, 13 (6%)
Hispanic, 3 (1%) Asian and 1 (.5%) Native American.

Of the 149 students who reported their grade point average, the mean was 3.17 (SD =.50). First
year students and transfer students in their first semesters did not have GPAs and were
therefore unable to report this number. Most students reported that they had not changed their
major. Among the participants, 131 (62%) reported no changes in major, 51 (24%) reported one
change, 15 (7%) reported two, 11 (5%) reported three and 4 (2%) reported four. Most students
had also not changed colleges. Among the participants, 124 (59%) had not changed schools,
70 (33%) had attended one other college prior to their current one, 15 (7%) had attended two
prior schools and 3 (1%) had attended three or more prior colleges.

4.2. Materials and procedure

Participants were recruited from courses from a variety of departments across campus and
were given the opportunity to receive extra credit for completing the questionnaire. Ques‐
tionnaires were to be completed outside of class, following informed consent and were
collected at the beginning of the next two meetings of the class in which they were handed out.
The questionnaire assessed demographic information such as gender, ethnicity, class level and
GPA, as well as the following:

4.2.1. Predictors of college student success

The Current Symptoms Scale [27] was used to assess the total symptoms of inattention and
hyperactivity using a symptom checklist. The 18 items were completed on a scale rating from
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1 (Never or Rarely) to 4 (Very Often). In the present study, internal consistency was .82 for
inattention and .77 for hyperactivity. Higher scores indicated more symptoms of ADHD.

IPIP Depression and Anxiety Scales [28] were used to assess symptoms of depression and
anxiety. The 10 items measuring depression and 10 items measuring anxiety were completed
on a scale of 1 (Applies very closely to me) to 5 (Doesn’t apply to me at all). In the present study,
internal consistency was .90 for depression and.84 for anxiety. Higher scores indicated more
symptoms of depression or anxiety.

The Study Skills Scale [19] is a 14-item measure for assessing one’s study habits on a scale
from 1 (Not at all like me) to 4 (Always or very much like me). In the present study, internal
consistency was .72. Higher scores indicated better self-reported study skills.

Understanding of College Policies Scale (UCP; created for this study) was used to examine
how well students were aware of the requirements for graduation. The 11 multiple choice items
were scored as correct or incorrect. Items inquired about such topics as the minimum GPA
required for good academic standing, the number of credits required to graduate and policies
regarding repeating courses. The score was the total number of items answered correctly.

The Appreciation of the Liberal Arts Scale-Revised (ALAS; [27]) is a 24-item scale for
assessing how important one feels the liberal arts are to his or her education on a scale from 1
(Not at all like me) to 5 (Definitely describes me). For the present study, internal consistency was
strong (α =.88). Higher scores indicated a greater appreciation of the liberal arts.

4.2.2. Measures of college student success

The Student Adaptation to College Questionnaire-Attachment Subscale (SACQ; [9])
assessed a student’s attachment to his or her college on a scale of 1 (Applies very closely to me)
to 5 (Doesn’t apply to me at all). The 14-item measure had strong internal consistency (α =.81).
Higher scores indicate greater attachment to college.

The College Major Satisfaction Questionnaire (created for this study) evaluated the individ‐
ual satisfaction of a student with his or her major on a scale from 1 (Very untrue for me) to 5
(Very true for me). Statements regarding this 15-item scale included “I am excited by the classes
in my major” and “If I had to start college over, I would choose another major.” Internal
consistency was strong (α =.85). Higher scores indicated greater satisfaction with one’s major.

5. Results

5.1. Relations among predictor variables

The predictor variables of inattention, hyperactivity, depression, anxiety, study skills, UCP
and ALAS were related to one another, but generally appeared to represent unique constructs.
However, the measures for psychological well-being were correlated with one another (See
Table 1). In particular, the strong correlation between inattention and hyperactivity was
problematic in that collinearity diagnostics for the subsequent regression analyses indicated a
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strong degree of overlap between the two variables. Therefore, hyperactivity was eliminated
from the regression analyses. Although depression and anxiety were also strongly related,
collinearity diagnostics did not indicate a substantial overlap and as a result, both measures
were included in subsequent analyses.

Inattention Hyperactivity Depression Anxiety
Study
Skills

UCP ALAS

Inattention - .65*** .39*** .25*** -.40*** -.02 -.19**

Hyperactivity - - .29*** .22** -.16* .08 -.06

Depression - - - .57*** -.19** .06 -.15*

Anxiety - - - - -.19** .09 -.11

Study Skills - - - - - -.01 .21**

UCP - - - - - - .13

Note: *** p <.001; **p<.01,*p<.05.

Table 1. Relations among predictor variables.

5.2. Relations among measures of student success

The measures of student success, SACQ, GPA and major satisfaction were marginally related
to one another, but appeared to largely be tapping independent constructs. SACQ was related
to major satisfaction (r =.33, p <.001) but not to GPA (r =.12, p =.16). Major satisfaction was
related to GPA (r =.27, p =.001).

5.3. Student success in different populations

ANCOVAs controlling for year in school were used to examine differences in the three student
success measures according to whether or not the students had transferred colleges. There
were no differences in GPA [F (1, 144) =.42, p =.52, partial η2 =.003], SACQ [F (1, 207) =.27, p =.
61, partial η2 =.001], or major satisfaction [F (1, 188) = 1.96, p =.16, partial η2 =.01] by transfer
status.

ANCOVAs controlling for year in school were also used to examine differences in the three
student success measures according to whether or not students had changed majors. There
were no differences in GPA [F (1, 144) =.42, p =.52, partial η2 =.003], SACQ [F (1, 207) =.27, p =.
61, partial η2 =.001], or major satisfaction [F (1, 188) = 1.96, p =.16, partial η2 =.01] according to
major change status. We considered that perhaps students who had changed majors only once
(e.g., from undeclared to a major) might be similar to those who had never changed majors.
Regrouping the students into those who had never changed majors or who had changed only
once and those who had changed more than once did not substantively alter the results.
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5.4. Predicting student success

Three simple regressions were completed to examine the relative contributions of inattention,
depression, anxiety, study skills, UCP and ALAS in predicting GPA, SACQ and major
satisfaction (see Table 2). In each regression, year in college was entered in the first step to
control for any effects due to this factor. Different predictors emerged for the three measures
of success. GPA was predicted only by the better understanding of college policies. SACQ was
predicted by lower levels of inattention, better study skills and greater appreciation of the
liberal arts, with an understanding of college policies approaching significance. Greater major
satisfaction was predicted by fewer years in college, better study skills, greater understanding
of college policies and greater appreciation of the liberal arts.

Predictor Variable B SE B Β p

GPA

Year -.05 .04 -.12 .22

Inattention -.09 .13 -.07 .51

Depression -.06 .07 -.10 .42

Anxiety .08 .07 .13 .25

Study Skills .14 .11 .12 .22

UCP .08 .03 .22 .02

ALAS .00 .08 .00 .98

SACQ

Year .01 .03 .02 .76

Inattention -.35 .10 -.26 .001

Depression -.09 .06 -.12 .14

Anxiety -.09 .06 -.12 .13

Study Skills .26 .10 .19 .007

UCP .05 .03 .13 .07

ALAS .17 .07 .16 .02

Major Satisfaction

Year -.10 .04 -.19 .01

Inattention -.12 .11 -.09 .30

Depression .01 .07 .02 .85

Anxiety -.04 .07 -.05 .57

Study Skills .31 .11 .22 .005

UCP .06 .03 .15 .05

ALAS .32 .08 .31 <.001

Note: GPA: R =.30, R2 =.09, Adj. R2 =.03, F (7, 117) = 1.60, p =.14.

SACQ: R =.57, R2 =.33, Adj. R2 =.30, F (7, 166) = 11.54, p <.001.

Major satisfaction: R =.51, R2 =.26, Adj. R2 =.23, F (7, 151) = 7.64, p <.001.

Table 2. Summary of regression analyses predicting student success.
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6. Discussion

The present study was designed to identify variables that predict college student success. In
addition to GPA, two less common measures of student success were also included, i.e.,
student adjustment to college and student satisfaction with their choice of academic major.
The predictors included year in college, as well as three measures broadly related to academics:
student study skills, their understanding of college policies and their appreciation of the liberal
arts. Particular emphasis was also placed on students’ psychological well-being as a predictor
of their college success. This was accomplished by including measures of ADHD symptoms,
depression and anxiety. The goal was, therefore, to identify both the academic and psycho‐
logical predictors of three definitions of college student success.

GPA has been the most widely studied measure of student success. In the present study,
regression analyses indicated only one of the seven predictors, students’ understanding of
college policies, as a significant predictor of GPA. This was surprising, as previous research
has indicated, for example, that the mastery of study skills was positively correlated with GPA,
while students’ self-reports of ADHD symptoms have been found to be negatively correlated
with this measure of college student success.

There were three significant predictors for student adjustment to college. Specifically, ADHD
was a negative predictor, whereas both study skills and the ALAS were positive predictors. A
fourth predictor, an understanding of college policies, approached significance. These
outcomes were as expected. Students reporting symptoms of ADHD have been found to have
difficulties with peer relations [21]; as such, it is not surprising that they would experience the
transition to college as challenging. The positive relationship between adjustment to college
and study skills was also expected, as studying is a fundamental activity students engage in
while attending college and thus, facility with this skill will likely promote a sense of belonging.
Similarly, correspondence between the goals of the college and a student’s values also appear
as conducive to a smooth adjustment to college. The data for this study were collected at a
liberal arts institution and it is therefore not surprising that students who reported higher
scores on the ALAS also reported higher scores on the SACQ.

Four of the seven measures were found to be predictors for student satisfaction with their
choice of academic major. Of these, only year in college was found to be a negative predictor.
The negative direction of this predictor was surprising, as we had assumed students’ satisfac‐
tion with their major to increase as they advanced toward graduation. However, it appears to
be the case that many students’ enthusiasm for their major declined as they enrolled in
increasingly challenging courses. Not surprisingly, study skills efficacy is positively associated
with satisfaction with major. The positive relationship between satisfaction with academic
major and an understanding of college policies may reflect students’ understanding of the
academic requirements needed to graduate, including not only the specific courses that are
necessary, but also their prerequisites, as well as a better understanding of the academic
expectations inherent in their courses. Finally, we interpreted the positive relationship between
major satisfaction and the ALAS as reflecting the correspondence between the students’ and
the college’s goals.
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In conclusion, the present study has identified predictors for three measures of college
students' success. Perhaps most surprising was the prominence of understanding college
policies. This measure was a significant predictor for two of these three measures of student
success, GPA, as well as satisfaction with academic major and approached significance for the
third, i.e., student adjustment to college. Two other predictors that were significant for two of
the three measures of student success were study skills and the ALAS. It appears, therefore,
that students perceive effective study skills to be a defining characteristic of what it means to
successful in college, as is the fit between their goals and values as measured by the ALAS and
those of the college they are attending.

At first glance, the three measures of psychological well-being – ADHD, depression and
anxiety – did not appear to be central in determining student success, as only one of these,
ADHD, was found to be significantly related to a measure of student success and then only
for student adjustment to college. As this was unexpected, we examined these results in more
depth. First, it is worth noting that the Shapiro-Wilks Test of Normality indicated that both
ADHD and depression were skewed, with somewhat more cases with fewer symptoms than
would be expected in a normal distribution. Anxiety was normally distributed. It is possible
that this skew may have masked any relationships between ADHD and depression and success
in college. This may have happened because students with these conditions had not been
enrolled in the classes surveyed or they were not able to complete the survey. Because students
in their first semester at the college were not able to enter a GPA and because students with
symptoms of ADHD and depression have been reported to have lower rates of retention, it is
possible that we had a lower than expected number of students with these disorders who
participated. On the other hand, the lack of relationship between ADHD, depression and
anxiety and success in college may be encouraging, as it might suggest that college interven‐
tions are being effective in accommodating students with psychological concerns. However,
as noted above, the previous literature indicates that these psychological variables have
repeatedly been associated with GPA. Thus, while it is heartening to view our findings as being
an indication of the success of these interventions, we suggest caution and instead encourage
additional studies that include multiple measures of student success, as well as a range of
potential academic and psychological predictors.
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Abstract

Children with ADHD and their families face many challenges. The chapter discusses
these difficulties with a case illustration. The write up of the case will demonstrate the
difficulties faced by children with ADHD and their families; highlighting how the dif‐
ficulties in the parents impact the child’s ADHD symptoms. The case illustration will
demonstrate how “normal” the cases can be, and often are missed or dismissed, yet it
causes distress to the children and the adults. The chapter hopes to raise awareness
that not only does the child needs assistance so do his/ her family members. Helping
the parents will significantly aid in the progress of the child.

Keywords: Psychopathology, family difficulties, parents, children with attention-defi‐
cit/hyperactivity disorder (ADHD), management

1. Introduction

Children with ADHD have difficulties in their social and adaptive behavior which are related
to the core symptoms of the disorder [1, 2]. The difficulties are felt within and outside the
family setting [1, 3-5] with factors in their environment increasing the risk of impairment.
Families of children with ADHD have consistently been shown to experience more burdens
including stress [1, 6, 7].

Her parents brought Alice, a 12-year-old Asian girl to a child and adolescent psychiatry service. Her
parents were upset that Alice would not follow their instructions at home. Alice would daydream and
procrastinate with her school assignments despite constant reminders, and her grades were deteriorat‐

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



ing. Alice’s parents appeared frustrated, as they felt Alice intentionally defy their requests, even in
simple day-to-day tasks, and to make matters worse, Alice was disinterested in her studies.

The parents were especially distressed that Alice had posted seductive photos of herself on Facebook, and
their daughter had become increasingly moody and irritable over the past couple of months. They
described Alice as being lazy, deceitful and dishonest. Her father at this point revealed that since the
discovery, he had successfully removed all Internet access at home.

Alice remained quiet, while her parents went on relentlessly in a tirade of dissatisfaction regarding their
daughter’s behavior. When the clinician could, she asked the parents for qualities they admired in Alice,
they were unable to come up with any.

On seeing Alice alone, she was warm and engaging. Alice expressed frustration at not being understood.
Alice expressed she had difficulties in concentrating for long periods. She felt angry with herself for not
finishing her tasks, and noticed she was often distracted easily. About her being distracted easily, Alice
felt, this has been present since as long as she could remember. She later expressed regret over posting
pictures of herself on Facebook. She said she was dared by a friend, and did it without thinking. Alice
said she was petrified of her dad when he found the pictures, as no one at home chose to annoy her father.
Her father, she added, had a “very bad temper”.

The difficulties illustrated above may seem common in many children. However, when these
difficulties considerably interfere with a child’s normal functioning, clinicians should consider
the possibility of the child having attention deficit hyperactivity disorder (ADHD). ADHD is
a common neurobiological condition affecting 5-8% of school-age children [8]. For children
like Alice, the inability to focus, attend to lessons, listen and obey instructions, and the presence
of impulsive behavior often impact their functioning and interaction with others [9, 10].

It is often difficult to sort out what difficulties are caused specifically by the disorder and what
factors add to the difficulties, and how. Adults often see the problems in the children as the
child misbehaving and being under the influence of friends, as this case illustrates. There are
many ways of characterizing the difficulties associated with ADHD [11, 12], with some
researchers categorizing it as:

1. Emotional component, e.g., they are easily frustrated, impatient and emotionally reactive.
The pathology is described as the presence of uncontrolled irritable temperament and has
been suggested to be as a result of inability to inhibit responses, with the impulsivity in
ADHD thought to drive the emotional component seen [11].

2. Social component, e.g., arguing, defiant. Other than poor behavioral inhibition [12], the
social component is often linked to learned behaviors and is frequently related to the
reaction of significant others to the child’s behavior.

2. Behavioral disinhibition

Alice’s parents reported a broad range of behaviors that can be classified as ‘behavioral
disinhibition”. Alice struggled to contain and restrain her behavior. Alice was unable and at
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times was unwilling to inhibit her impulses, resulting in the emergence of inappropriate or
disruptive behaviors. One of the most complained about behaviors by Alice’s parents was that
Alice was excessively responding to things when she was stressed. This caused their commu‐
nication and interaction to deteriorate quickly as many times Alice responded by answering
back to her parents instead of taking time to assess the task or requests from them and to come
to a reasonable response. Alice’s reactions angered her parents as they expected Alice to
respond to them more appropriately and most importantly to comply with their requests.

Behavioral disinhibition is central to understanding many behavioral complications seen in
ADHD, and it is described as being impulsive/ impulsiveness. Behaviors such as uncontrol‐
lable silly and clown-like conduct, giggling too much, and involvement in risk- taking
behaviors, e.g., sexual misconduct, substance use or abuse, engagement with online friends or
interest in prohibited actions, are behaviors often seen as annoying and causing disturbances
or distress to others. These behaviors are beyond the definition of normal behavior and signify
the impulsive behavior seen in people with ADHD.

Inhibition is defined as the ability to control one’s attention, behavior, thoughts, and/or
emotions [12]. In humans, the ability to use one’s inhibition is necessary to override many
strong internal vulnerability and external lure [13]. Inhibition is part of executive function,
which is regulated in the frontal lobe [14].

Appropriate regulation of emotions is reliant on having effective behavioral inhibition [12];
and when this is deficient or defective, this often results in many emotional and behavioral
problems [3, 15]. Many researchers have emphasized the presence of poor behavioral inhibi‐
tion as the central impairment of the disorder [12, 16]. The poor behavior inhibition and poor
impulse control is evident in people with ADHD having greater disinhibition and being less
effective at regulating their emotions [12, 16]. As the consequence, they have the inability to
delay responding long enough to consider the social situation and the consequences of their
behavior [12, 16, 17]. Thus they make frequent hasty decisions and actions that occur in the
moment without them thinking and considering the possibility of high potential of harm,
failure or disappointment to the individual. Learning from their mistakes does not often occur
or is difficult. They are repeatedly unable to use appropriate self-regulation strategies and
social skills [12, 16]. They are unable to persist long enough to complete tasks and are unable
to regulate them from being easily distracted.

Children with ADHD are seen as being disruptive and annoying. Again, this is as a conse‐
quence of their inability to regulate their behaviors and emotions. Their behaviors are highly
intense, unmodulated and often inappropriate in the given context and insensitive to social
expectations [3, 5, 18, 19]. They are often described as interrupting and intruding on others.
The disruptive behaviors often emerge as early as in the preschool years and in many children
persisting into adolescence [20]. Children with ADHD are described as less attentive to social
cues, not listening to adults, and ignoring parental requests.

These difficulties impair their academic and social functioning, use of their recreational time
as well as the relationship with their parents [21]. They are often seen as being less compliant
even oppositional towards adults [22, 23]. It makes it hard for the parent of a child who is often
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annoyed and over-reacting to things around him/ her. Just as frustrating and worrying, many
parents have been called in to their child’s school to listen to numerous negative reports of
their child and some may have triggered negative reactions from their teachers.

Further neurobiological information on impulsivity and inhibition has been suggested to be
as a result multiple pathway models [16, 24, 25] and discussed in-length elsewhere in the book.

Alice felt over controlled being home, and expressed that she chose to keep to herself. Alice added she
would usually confide and feel better when she chatted with friends online. She felt miserable, as she had
no longer had any access to them after her father cut-off the Internet access.

Alice felt she was walking on eggshells when she was at home. She added that she felt tense at home, and
was not able to be herself. She feared that her father would be angry, and he often was angry when he
came home. In many of his angry outbursts, father has asked Alice’s mother to leave the house.

Alice had symptoms of ADHD, which was clearly impacting her performance at school and putting a
strain on her relationship with her parents. Her impulsivity resulted in her making hasty and unwise
decisions, as seen in her risk-taking behavior. The dispute and conflict at home between her parents and
her, her parent’s negative perception of her, further drove her to seek comfort and acceptance with online
friends. Her anger and frustration at her predicament appeared to be taking a toll on her ability to regulate
her emotions. She was seen to be moody and irritable at the time of presentation, and it worsened the
interaction between her and her parents.

3. Diagnosis

ADHD

Oppositional Defiant Disorder

Difficulties with Primary support group

Reactive attachment disorder

The diagnoses arrived at were purely based on detailed psychiatric assessment which involves thorough
history taking and mental state examination of the child and her family. No other assessment devices/
rating scales were employed.

The writers were based in a child and adolescent mental health facility where the service has
only child and adolescents psychiatrists. There are many such services operating with the lack
of staffs e.g. child psychiatrists or allied health personnel, and funding. This should not prevent
clinicians or any mental health professionals assessing any child presenting to mental health
facilities with symptoms suggestive of ADHD. It is most logical to gather enough data from
the parents regarding symptoms of ADHD, i.e. look for any behavioral, emotional and
academic difficulties.

Neuropsychological testing, speech-language assessments, and computerized testing of
attention or inhibitory control may not be available in many centers or settings. These assess‐
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ments are not required as part of a routine assessment for ADHD, but may be indicated by the
findings of the initial psychological assessment [26]. Having no such assessment tools should
not prevent any child and their families to be assessed.

4. Emotional dysregulation

children with ADHD are viewed as being more unsuccessful with regulation and this can be
easily seen as they are easily upset when faced with faced with daunting and frustrating tasks
[12, 13, 27]. As demonstrated in Alice, they respond impulsively.

Emotion regulation refers to the ongoing process of responding to one’s environment with
emotions that are both socially acceptable and context-appropriate for any given situation [13].
It is a process that allows the individual to select, attend and appraise emotionally arousing
stimuli [28]. The expression of emotions is pertinent and it has to be appropriate to help
promote adaptive and goal-oriented behaviors and to fit in with others [29]. These processes
trigger behavioral and physiological responses that can be modulated through understanding
of what influences these components of emotions, with dysregulation of one’s emotion
appearing when these adaptive processes are impaired [28, 30].

From the history Alice seemed easily frustrated, moody and irritable. Alice was not able to
regulate her emotions adequately, giving rise to her being irritable at home especially when
she felt she was confronted by her parents. These clearly complicated things between Alice
and her parents; despite them telling her to consider issues brought up by her parents, Alice
was not able to delay responding.

Emotional dysregulation can be seen in three domains from temper control, affective lability
and emotional over reactivity [31]. Emotion dysregulation is prevalent in ADHD and is a major
contributor to impairment [13, 32, 33]. Reports estimates, prevalence of between 24% and 50%
children with ADHD has emotional dysregulation [33-35], and it is more severe in males [13].

Furthermore, children with ADHD has been described as emotionally explosive [1, 13]. The
difficulties with self-regulating their emotions is seen in them being easily frustrated, and
having low frustration tolerance, with frequent temper outbursts and mood lability [16, 36].
They are seen seen to be easily angry, hot-tempered, sensitive thus easily annoyed and reacts
to the slightest comments. They fight with parents, teachers and even their peers [1, 37, 38].
Many children end up facing numerous limitations in their activities with friends at school or
within the neighborhood, with some children consequently having no friends. Peers avoid
being with the child due to their negative, harsh and at times aggressive behavior.

It has been proposed that genetic factors play a role in the etiology of emotional dysregulation
in children with ADHD [33, 39, 40]. Failures of parental emotion regulation, high levels of
parental criticism contribute to the development of emotion dysregulation in children with
ADHD [41, 42], and these issues were illustrated in Alice and her family.

Emotional dysregulation is thought to have a greater impact than hyperactivity and inattention
on an individual’s well-being and self-esteem [33]. Individuals with combination of ADHD
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and emotional dysregulation face more impairment in peer relationships, family life, occupa‐
tional attainment, and academic performance than those with ADHD alone [1, 33]. Other than
it is a major source of impairment, the presence of emotional dysregulation indicates poorer
clinical outcome [30].

The presence of oppositional behavior and difficulties with self-regulation are often an
indication of more serious difficulties [12, 16].

5. Peer and school challenges in ADHD

Having friends is important; children learn to socialize, communicate, cooperate, and negotiate
having friends. They also learn to manage disagreements and challenges. Friends are an
important source of influence, both positive and negative, especially outside the home
environment [43, 44]. Friends play a key role in the development of personal competence and
identity, with having friends predictive of the child’s later psychological functioning as they
are an important source of support [45]. Peer relationships are important especially for
adolescents with presence of peer rejection linked to long-term negative outcomes including
academic problems, school dropout, delinquency, even cigarette and substance use [5, 19, 45].

The core symptoms of ADHD, i.e. inattention and hyperactivity/impulsivity impede effective
functioning with peers [19, 46, 47]. Between 50% and 80% of children with ADHD are rejected
by peers [19, 48]. Inattentiveness limits opportunities to acquire social skills through observa‐
tional learning and to attend to social cues necessary for successful social interaction, while
hyperactive and impulsive behaviors contribute to unrestrained and overbearing social
behavior that makes children with ADHD highly aversive to their peers [3, 5, 46, 47].

Peers often report children with ADHD exhibit more negative behaviors, such as “interrupting
or intruding on others”, are noisy and others often find them as socially immature. This is
primarily because these children exhibit deficits in social skills such as reduced capacity for
social reciprocity and difficulties in understanding social cues [49]. In addition, children with
ADHD have reduced ability to monitor and evaluate their own behaviors [19, 50]. They are
unable to wait for their turn or to learn from being told before, resulting in them to be lower
on social preference among their peers. They are less well-liked and have fewer dyadic
friendships [19, 50]. The deficits in peer rejection often occur early in age and these children
are often excluded from popular social groups [47].

The presence of ADHD symptoms in children impact the child’s school functioning, perform‐
ance and achievement [26, 51]. A significant proportion of children with ADHD faced
significant difficulties in school with learning [52, 53], low academic achievement [54], and
absenteeism [21, 55-57].

To add to their challenges in school, even among their teachers, children with ADHD are
perceived as being less socially competent [58] and at times challenging. Teachers play an
important role in the lives of children, including in children with ADHD. They have daily
contact with the children, and they are often the first to notice the difficulties in the children
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with ADHD. Teachers often make inferences about the child’s present and future academic
achievement and general classroom behavior of their students, thus creating expectations for
and perception of the child [54, 59, 60]. Like parents, teachers report feeling more stressed when
handling and interacting with children with ADHD as the interactions are more negative [61].
Similarly the perceptions and expectations of teachers affect their interactions with the
children, which in turn affect the children’s behavior and academic success [59, 60].

6. Co-morbidity

Approximately two thirds of children with ADHD have at least one other coexisting condition
[62, 63]. Disruptive behavior is one of the most common behavioral difficulties with an estimate
of between 30% and 50% of children with ADHD have them [63-65]. Children with ADHD,
particularly those exhibiting more impulsivity, are likely to be diagnosed with oppositional
defiant disorder. They have more difficulties restricting their behavior in conformance with
instructions especially from adults, deferring gratification and resisting temptations [12].
Additionally the presence of conduct disorder or oppositional defiant disorder significantly
complicates the acute presentation of ADHD and its management. The disruptive behavior is
associated with more aggression and delinquency, and disrupts academic achievement [12,
66-69]. The emergence of disruptive behavior in Alice clearly caused a lot of animosity between
her parents and Alice.

7. Depression

Alice did not have sufficient symptoms to warrant a diagnosis of a depressive disorder,
however she did reveal some symptoms to suggest she was depressed. Many children with
ADHD describe chronic unhappiness even though they do not fulfill the criteria of major
depression (MD). Presence of depression is common with between 5% and 40% of children
with ADHD meeting the criteria for MD [62, 70, 71]. Major depression in children with ADHD
is often recurrent and the prevalence increases significantly around puberty [72]. Presence of
depression further complicates the picture as it is linked with increasing disruptive behavior,
and further impairments in academic performance, peer relationships, and family relation‐
ships [71, 73]. The presence of MD in ADHD children is as well associated with significant
long-term psychiatric morbidity [72].

Adolescents with ADHD and co-morbid mood disorders are at increased risk for suicide
attempts [72, 74]. The rate of suicide is much higher in patients with both ADHD and MD as
compared to patients with MD alone because both disorder may aggravate the symptoms of
the other [75]. Even though Alice did not have any suicide attempt, she did express death
wishes; hence, it was crucial that the clinician closely monitored her mood symptoms. This
was done with regular and close follow-up visitation. With the ongoing difficulties within her
family still continuing, Alice was at definite risk of developing depression. Noticeably, her
relationship with her parents had deteriorated.
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Alice found solace in friends online. Both inattention and hyperactive-impulsivity domains in
ADHD are important risk factors for excessive use of Internet. Internet addiction is also found
to be associated with symptoms of ADHD [76]. Significant associations have been found
between the level of ADHD symptoms and the severity of Internet addiction in children [76,
77]. It is postulated that the rapid response and immediate reward of the Internet makes it
attractive for children with ADHD who easily bored and have aversion to delaying rewards.
Thus it is not surprising the lack of self-control and inhibition makes them vulnerable to
Internet Addiction [76, 77].

Other difficulties, i.e., bipolar and substance use and abuse, are discussed elsewhere.

Subsequent Sessions

Over the subsequent sessions, Alice established a comfortable relationship with the clinician. She would
walk in and eagerly share her difficulties. In one of the session, Alice shared she was upset that her teacher
complained to her parents that Alice had kissed a boy outside school. At this point, her relationship with
her parents was at its worst.

Her clinician was able to explore the family dynamics. The authoritarian parenting characteristics, the
family environment, its lack of emotional warmth and support, and the parental psychopathology were
clearly impacting Alice. Her behaviors may have served an important purpose within the family. It
appeared to be an avenue for focus to be directed to her, instead of the very evident conflict between her
parents. The clinician felt Alice was attempting to keep her parents together, as they appeared to be
united in their stance and approach handling her. The high levels of conflict at home had conferred Alice
at a heightened state of anxiety and hypervigilance, which were clearly taking a toll on her ability to
regulate her emotions.

The clinician felt at this point it would be essential to make Alice’s parents conscious of the dysfunc‐
tionality within the family. This was very difficult as her father was suspicious and untrusting of the
clinician. To the clinician, it appeared that the father was fearful of the loss of autonomy over his family.
Hence it showed showed in the father’s presentation to the clinic. Her father portrayed a very defensive
and almost aggressive stance. In view of the clinician’s difficulty with the client’s father, the clinician
decided to engage the mother in order to facilitate some changes.

8. Family background

Alice came from an upper class family. Her father was a businessman, while her mother was a housewife.
She had an older sister with whom she did not have a close relationship. She felt looked down upon by
her sister, and her parents made constant comparison between her and her sister. Her sister was doing
exceptionally well.

8.1. Alice’s mother

Alice’s mother had a difficult childhood. Her father passed away when she was very young. At the age
of 10 years, she was expected by her mother to look after her younger siblings, whilst her mother worked.
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Mother was expected to be independent and she was constantly reminded of her role as the eldest, and
to not be a burden to her mother. Alice’s mother lost a normal childhood, and grew up with a mother
who showed no warmth, was critical, and imposed huge demands on her that she carried out dutifully.
When the clinician asked her what she saw when she looked at her own daughter, mother added that she
saw a lazy child, who was so different from how she was, as a child. Upon reflection, mother then added
that she indeed had become exactly like her own mum. At this juncture mother became very distressed
and tearful.

When the clinician asked her how she felt when she had discovered those letters, mother added that she
was not surprised. Alice had, over past 6 months, placed letters of death wishes on mum’s pillow. The
clinician asked her how she responded to Alice, on reading the letters. Mother mentioned that she never
asked Alice about the letters, as she felt her daughter was seeking attention, and if she asked her, it would
encourage her further. Once again, she cried upon realizing the impact of what she had just said. It was
a difficult session for mother, but one that allowed her to self-reflect, and impelled her to make changes,
for the sake of her daughter. Mother realized she did love her daughter still, but mother had great
difficulties to express her love, to show she cared, and it affected her bonding and ability to secure a
loving relationship.

9. Parenting and parent-child relationship in children with ADHD

Parenting is challenging enough and the case demonstrates the reality that parenting children
with ADHD is a big challenge to many parents. Symptoms of the disorder such as hyperac‐
tivity, impulsivity and inattention make parenting a child more difficult [65, 78, 79]. Although
the presentation may change throughout the developmental years, the difficulties are often
ongoing [9, 63]. It is often more challenging during the adolescent years.

For school-going children like Alice, the inability to focus, attend to lessons, listen and obey
instructions, difficulties in play or recreational activities and to interact pleasantly with others
clearly impairs their academic and social functioning [7, 9] as well as the relationship with their
parents [80]. It is stressful dealing with a child’s noncompliance and oppositional behavior.
Parents frequently misinterpret their child’s behavior and intentions, and are often frustrated
as “correcting their child’s behaviors” is every so often associated with more oppositional
behaviors from the child. This was how Alice’s parents felt towards their daughter. Children
with ADHD tend to exhibit higher than average rates of noncompliance [81], and in adolescents
with ADHD, as discussed, it is not uncommon to see an increased in emotionality, especially
in the form of anger [82]. This results in parents expressing their child as being non-compliant
and oppositional [22, 23, 81]. Parents are not aware of their child having a disorder, or even
aware what behaviors are related to the disorder. All they think about is how frustrating it is
for them to handle their child.

Alice’s parents felt managing their daughter was indeed challenging, especially in her
adolescent years; they felt Alice was the major source of stress for the family. The problematic
parent child interactions are often ongoing and repetitive, characterized by parents requesting
for compliance, followed by the child’s refusal to comply. This often results in either escalation
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of parents control and demanding compliance. This eventually leads to occurrence of occur‐
rence of annoyance and increasing control control over the child while in other instances the
parents give up. Despite this, there is still presence of frustration and anger in the environment.
Many are unaware that the parent child interactions negatively reinforce each other in ways
that increase the probability and severity of the child’s problematic behaviour(s) and the
deterioration of the parent child relationship.

Presence of negative emotions and cognitions, e.g., in a distress parent consistently influences
one’s evaluations of others with major consequences on their interactions with their children
[83-85]. As the case demonstrates, the parents and the child are both angry and distressed with
each other. There is as well presence of distrust milieu, both parties perceiving the other as
intentionally frustrating resulting in the behavior of being noncompliant with the other. The
presence of many conflicting interactions between parents and children often results in angry
or distraught interactions, with each perceiving the other as intentionally frustrating, being
uncooperative. This often results in both sides trying to out-do the other. The environment is
often of greater negative affect, with less positive involvement and parenting responsiveness.
It is no wonder that both parties could not exert some control on their own behaviour and
emotions, and to try to find a compromise. Each party feel, they are right.

Unresolved parental reactions to their own or family crisis impacts the parents’ parenting
styles [84, 85]; with Pianta and Marvin [84] and Sheeran, Marvin [85] stating the resolution of
the matter, influences their mental representation of strategies in managing their difficulties.
The lesser positive parenting responsiveness invariably leads to the use of more harsh and
inconsistent discipline, and more coercive exchanges than in families of nonproblematic
children [86].

Like any parents, parents of ADHD children may have their own difficulties. However, parents
of ADHD children are at increased risk of having other psychiatric disorders as low self-
confidence [22, 87] and depression [88, 89]. Presence of parental stress, marital disharmony,
high expressed emotions etc. affects parental functioning, family involvement and the parent
child interaction [90, 91]. Without doubts, problematic parent child relationships adds to the
parenting distress [37, 92].

Aspects of parenting are significant and are often over-shadowed by the difficulties in children
with ADHD. Parenting style is a constellation of attitudes, behaviors and interactional styles
or patterns of parenting practices [93]. Invariably how parents behave and interact with their
children creates an emotional climate for the parent–child relationship [20, 93-95]. Parenting
practices and behaviors are directly linked to children’s emotional, behavioral regulation,
social and interpersonal competence [93]; with substantial associations demonstrated between
undesirable parenting behaviors/ styles with problems in their off-springs [96]. Other than
maladaptive parenting practices [92, 97], parental perceptions and ideas [37, 97], differences
in parenting and disagreements between the couple [81, 86, 90, 98] are factors which contribute
to the development and escalation of the child’s problematic behaviors [99]. These issues
distract the parents towards finding a more workable intervention for their child with
difficulties.
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The psychodynamic model emphasizes the importance of emotional relationships between
parents and their child plays a significant role in the development course of children. The
emotional relationships between parents and child are thought to be as a result of parenting
behaviors and attitudes influencing the parents and their child’s behaviors, and later influ‐
encing the child’s relationships with other adults and peers [100-102]. In this dynamic family
system, the internal representation of each party is just as influential [100, 103].

This notion is supported by Maccoby [104] who stated that the parent child interaction is a
reciprocal process with parents influencing their children and the children’s behaviors may
influence the way they are treated by their parents. While it is evident that parents often exhibit
a range of emotions toward their children, in Alice’s parents there is a predominant and
persistent feeling of hostility and displeasure. Their interaction with their daughter was often
distant, hostile, and at times disengaged, which supports the hypothesis that parental beliefs
and perceptions influence specific parental behaviors and the emotional climates concerning
their child [93, 95, 105].

Perception toward the child’s symptoms is important as it significantly influences parents’
interaction with their children [106]. In parents of ADHD children Alizadeh, Applequist [87]
reported parents showed less warmth and involvement in the parenting of their children and
they are more prone to greater use of corporal punishment. Similarly, Gau [107] found mothers
of children with ADHD were less affectionate, more overprotective and controlling toward
their children than mothers of controls. Margari, Craig [108] found parents with ADHD
children tend to be more controlling, disapproving and rejecting of their children. The parents
tended to use more verbal direction, repeated commands, added with more verbal reprimands
and correction of their children. Margari, Craig [108] reported in these parents, they are also
less rewarding and responsive than parents of children without ADHD. This is not surprising
surprising as having a child with chronic difficulties and different from others affects the
parents’ beliefs, perceptions, attributions, etc. about the child and of other things faced by the
parents.

Parents are often unaware of their reactions to the children’s behaviors and emotions, which
are often modeled by the children and affecting most notably their self-image. Alice’s mother
was getting more and more tired and irritable having to deal with her daughter’s chronic
difficulties and she was feeling alone and unsupported. Having to handle their daughter alone
aggravated the marital disharmony. Many parents may not be aware of the symptoms and the
severity of the problems that their child has. In this instance, Alice’s parents labeled her as
“bad, stubborn”, they were unable to acknowledge their daughter was struggling as well. The
parents’ expectations and their beliefs, perceptions, and attribution about the child affect the
parents’ behavior toward the child. Thus if the parents feel their child is exhausting for them,
it creates more tension in their relationship. Some parents may initially be overwhelmed with
guilt feelings and blamed themselves for the children’s misbehaviors however when the
situation deteriorates, and things worsened, feelings of hopelessness and helplessness creep
in. In other parents, they may have difficulty accepting the fact that their child is suffering from
a disorder, given the stigma attached to the illness.
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Mothers are the principal caregivers in many families across different cultures and countries.
In countless instances, mothers are the parent who interacts and has to deal with their children
in situations where the child exhibits most of the ADHD symptoms. Mothers are the ones most
often helping their child do their school work, even organizing their school bag, their room,
getting their children organized and to get through their daily activities. Inevitably, mothers
are more likely to be blamed for their child’s poor academic and social performances [109]. It
is not surprising mothers of children with ADHD often report greater psychological distress
and receiving lesser support from their families than do mothers of normal children [107, 110].

Maternal affection buffers children with attention problems from developing social and
adjustment problems [50], and this was considerably absent in the family discussed. Alice’s
mother was not able to offer comfort to her daughter, as the mother was distressed with having
to handle her daughter on her own. This is not surprising as seen in the case described. As the
situation continued and with no end insight, the severity of the difficulties increased. Predict‐
ably, the impairment increases, and it seemed the parents are the ones who often feel the impact
more than their children [79]. Alice’s parents, especially her mother, had become averse to
being with Alice. Mother felt distress knowing her daughter was around. By the time the family
was seen, the parents were very critical of their daughter, and it worried the clinician. The
adults were not able to see any strength in Alice. Their perception of their daughter and the
difficulties made the child parent interaction and parenting challenging.

Additionally, the difficulties are complicated by the presence of comorbidity and psychosocial
stressors in the parents themselves. Family dysfunction or disadvantage is associated with
early conduct complications [20]. This was clearly happening in Alice’s family as her parents
were struggling in their own marital relationship and often reacted hastily and angrily to their
daughter’s struggles.

Alice’s father was impatient and often angry, and in his outburst he had told his wife to leave
their matrimonial home. Unaware to the couple, it made Alice anxious and worried. Alice’s
father displayed poor emotional regulation resulting in frequent anger outbursts. Further
history revealed that the father was brash in his manner with his family. In the clinical sessions,
the clinician found father had difficulties to engage in the session. This raised the possibility
of undiagnosed ADHD in the father.

ADHD is one of the most heritable psychiatric disorder [111, 112]. Parents of children with
ADHD are more likely to have ADHD themselves [113, 114]. Subsequently, the parenting
difficulties observed in families of children with ADHD may be accounted for, at least in
part, by parental ADHD [114]. Presence of parental ADHD symptoms significantly impairs
parents’  parenting  of  their  children,  affecting  the  parental  and  child  interactions  and
relationship [37, 114, 115]. Adults with ADHD have similar impairment in their executive
functioning such as self-regulation of  attention,  inhibition,  and organization.  This effects
their  time  management,  planning,  memory,  motivation,  persistence,  and  emotional
regulation, i.e., they are likely to have more difficulties managing their child particularly
those with oppositional behaviors [79, 115, 116].
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In most parents, their ADHD symptoms have not been assessed. Many of the adults are not
aware of the symptoms and how the symptoms may affect their functioning as parents. The
symptoms of inattentiveness and impulsivity are likely to cause adults with ADHD to engage
in harsh or lax parenting behaviors when dealing with their child’s problems [113, 117]. It is
more difficult for parents to refrain themselves during discipline encounters therefore they are
likely to use more negative and coercive methods. As the presence of ADHD results in
difficulties with self-regulating, this may effect parents ability to think through about long-
term gains [113, 118]. The short attention span and impulsivity may make it difficult for a
parent to stay focused or be consistent in monitoring or carrying out rules [81, 118]. Addition‐
ally, they have problems with decision-making, e.g., they will have hitches with monitoring
their child’s behaviors, progress, or whereabouts. The consistency of the external feedback
provided by parents of ADHD children is an important element for these children to remain
on track with tasks, behaviors, etc. Harvey, Danforth [118] reported mothers with ADHD
tended to use more repetitions during mothers with ADHD tended to use more repetitions
during attempts to get their child to comply. This often results in arguments because repeated
and angry requests from mothers are often ignored.

Affective lability is also seen in adult ADHD [113]. Fathers displaying features of impulsivity
were found to have more arguments with their children during the interactions [118]. They
were more demanding, are more power-assertive and they are less likely to express warmth
toward these children [119]. When fathers do attend to their children’s noncompliance, they
demand more compliance and obedience at the expense of not or less expressing nurturance
[118-120]. Similarly in mothers with ADHD, they are more emotionally reactive, causing likely
to use more to use harsh or physical forms of punishments [116]. Like-wise maternal ADHD
symptoms have been associated with lower level of positive parenting, lesser involvement and
inconsistent discipline [113, 118]. In adolescences, this dyadic interaction with their parents
often results in the relationship to be hostile or distant.

Fathers are often less talked about as the source of emotional support and attachment. Fathers
are equally an important source of support and resource for their children’s well-being,
cognitive development, and social competence [119, 121-123]. Studies of fathers with ADHD
children found fathers’ parenting style play a significant role in their interaction with their
children [119] including the engagement and progression of adolescent delinquent behaviors
[118, 122, 124]. Fathers of children with ADHD, particularly when handling their sons, are
more demanding and controlling [125, 126] and argumentative [118]. Other than being
demanding, both Buhrmester, Camparo [126] and Gerdes, Hoza [120] reported fathers of
ADHD children were less likely to express warmth 
towards their children while Harvey, Danforth [118] found in fathers with ADHD, the
inattentiveness and impulsivity results in lax parenting. The presence of a supportive father
may certainly help lift the burden of mothers handling the child alone. Likewise, support
between parents and parenting similarity has been found to be associated with greater marital
adjustment and and lesser marital conflict among parents of ADHD children [81].
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10. Impact: Why the need to be aware of parenting difficulties?

It is not easy to parent a child with ADHD. Lower quality of life has been reported in families
with ADHD children [79, 115, 127], complicated by the presence of adversities, conflicts [23,
128-131], and psychological difficulties [88, 89]. These factors significantly impact family
functioning which may precipitate and/or aggravate the child parent relationship and
parenting difficulties [131]. Hence it is important for clinicians and mental health workers to
consider these difficultieswhen interacting with a family of a child or adolescent with ADHD.

In psychiatry, family factors are taken into consideration in the formulation of clients’ presen‐
tation and symptoms, i.e., in precipitating, perpetuating, predisposing or aggravating patient’s
symptoms, in treatment and in prognosis [132]. Over the past decade, much attention has been
given to the understanding of the parent child interaction, with regards to attachment styles
and parental behaviors, etc. and their impact on children. A significant number of researches
have recognized the family environment plays an important role in the development, out‐
comes, and manifestation of difficulties in children with ADHD [37, 50, 128]. Both parental
psychopathology and parenting behavior have been identified as important environmental
risk and/or protective factors in children with ADHD [37, 133]. Family dysfunction impacts
not only the family functioning and certainly clinical outcomes. Family functioning influences
continuity and/or exacerbation of the child’s ADHD symptoms [37, 86]. The difficulties related
to the parents and family dysfunction are often linked to the frequency and severity of ADHD
symptoms [20, 134-136]. Whereas improvement in outcomes linked to ongoing family
engagement particularly active parental involvement and participatory collaborations
between care-givers and healthcare providers [97, 137].

These phenomena can be explained as the family interaction is continuous and ongoing,
and invariably children are affected by the dynamics in the family. Parents are the main
source of their children’s socialization and emotional regulation [44, 96], and children often
model their  parents’  regulation and expression of  emotions [44,  138].  Accordingly,  posi‐
tive parenting constitutes  having parenting attitudes and behaviors  which are accepting
and  nurturing  (acceptance),  while  negative  parenting  practices  encompasses  parenting
styles which are rejecting and controlling [95]. In negative parenting practices, there is a
constant need need for parents set fixed rules with rigid boundaries, with the necessity for
constant  supervision [139,  140].  The parents  often make endless  demands on their  chil‐
dren and readily confronts the child who disobeys with more continuous demands made
[140]. In this style of parenting there is often presence of hostility when dealing with the
child [141]. As studies have indicated, parents with ADHD children often are controlling,
disapproving and hostile of their children [20, 37, 108].

It is not unusual for parents to react to their child’s noncomplaint and disruptive behavior in
a less positive manner, and this is often seen among parents with ADHD children [86, 125].
The use of punishment and harsh discipline are often thought to be associated with good
parenting. Parents feel using frequent punishment allows them by doing so, they are able to
control their children’s behaviors. Likewise, parents often exert control on their children in the
pretext of having to protect their children from possible harm or from going astray. Many
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parents often believe their parenting is adequate, appropriate or the best for their for their
children. Many parents parenting styles with them having to be able to control and to discipline
their child. The reality is, using more control with presence of punitive interactions, often
results in retaliation and noncomplaint behavior from the child, especially among adolescents.
Many parents are unaware of the importance and the need for them to be equally nurturing
and supportive of their children.

Evidence supports findings of reciprocal pathways between child disruptive behavior and
parent–child interaction difficulties. Being in a chaotic, harsh, unsupportive or unrespon‐
sive family environment exacerbate inattentive, impulsive, and hyperactive behaviors [37].
Cunningham  and  Boyle  [20]  found  mothers  with  pre-school  children  with  ADHD  and
oppositional  behavior  cope with their  children’s  behaviours  using more controlling and
negative strategies. The mothers used more reprimands and corporal punishments. Often
this does not settle the child. Querido, Warner [142] and Carpenter and Mendez [143] found
harsh parenting is  predictive of worsening behavior as the presence of punitive interac‐
tions and low level of warmth do not offer any comfort, feeling safe, and support to the
child [15]. The presence of harsh, punitive, and controlling parenting behaviors as seen in
authoritarian parenting styles hinders the development of a child’s social competence. This
parenting style is linked to the presence of aggressive and defiant behavior in children [15,
69, 136, 142, 144, 145].

Over the recent years, studies have focussed on the attachment theory specifically on the
quality of parenting and understanding how socio-emotional dysfunction impacts children’s
behavior and development. Attachment is the deep and lasting affective and close relationship
between a child and their care-giver(s), which is established in the early years of a child’s life
[100, 101]. The parent child relationship is crucial as it lays the foundation of attachment and
socialization which eventually dominates and affects the child’s emotional, interpersonal
development, and well-being [146]. Consequently in vulnerable children, the presence of
secure attachment provides safety and protection through the existence of a trusting, safe, and
secure environment [147, 148]. The presence of a secure, supportive, and trustworthy caregiver
allows distressed children to use their care-givers as a secure base to regulate their anxiety and
distress; the child finds comfort and support when confronted with stressful stimuli or
situations [148].

Growing up with an insensitive and unresponsive, or unavailable caregiver often puts the
child at risk for developing an insecure attachment relationship [102]. Alice could not find
comfort from her parents as the adults were entrapped in their own burden. Her parents were
unable to provide relief and nurturance to their daughter, especially in her times of need. This
is not surprising as parents who lack or not able to provide self regulation skills are unable to
offer the framework necessary for the development of such skills in their children [20, 137].
Thus, they are less able to support their child, which leaves the child feeling insecure and
vulnerable. Insecurely attached individuals are indeed more vulnerable to problems concern‐
ing affective and behavioral regulation [149]. Lower levels of conduct problems even in
children as young as pre-school-going age has been reported in parents exhibiting parental
warmth in combination with other positive parenting behaviors [123, 150]. The presence of a
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secure attachment and base allows a child with with ADHD the awareness and security they
will be supported as they work through their difficulties.

11. What elements constitute negative parenting behaviors and interfere
with establishment of a secure family base?

Researchers have shown negative parenting behaviors as:

1. Over-controlling [151, 152]: This describes the parenting styles which resembles the no-
nonsense parenting with decrease in responsiveness and increase in demandingness. In
this parenting style, parents are involved in all decision-making, and are overprotective.
There is presence of frequent instructions to children, e.g., on how to behave, think, or
feel, in view to influence the child. This style of parenting has been shown to mediate
higher risk for anxiety and depression [141] and delinquency in children [123, 136].

2. Harsher discipline characterized by presence of constant yelling, nagging, threatening or
the use of physical aggression (hitting, beating). This harsh parenting relates to the
emergence and escalation of aggressive and defiant behavior in children [15, 123, 143].

3. Over-indulgent: This style of parenting reduces the child’s opportunities for learning.
There is constant parental interference with parents over doing their role. Their parenting
style interferes with the child's attempts at gaining age normative autonomy and emo‐
tional independence. There is no restrictions, and no boundaries to what the child wants
and desire [94, 153].

4. Inconsistent parenting [119], often exhibits inconsistent availability and therefore disci‐
pline. It is akin to low parental involvement and often may worsen the child's ADHD
symptoms [137].

5. Rejection and hostile parenting characterized by presence of disapproval, and low levels
of parental warmth and responsiveness. Parents often exhibit coldness or are unrespon‐
sive, dismissive and disapproving of their child. They often respond to their children’s
expressions of needs or emotions with criticizing or minimizing and even nagging. This
often convinces a child that positives, especially from a significant other, are difficult to
obtain and are independent of the child’s actions. Presence of high levels of parental
rejection is often associated with poor child emotion regulation [138] and increasing
sensitivity to develop anxiety and depression [153].

6. Negative and unreasonable parenting beliefs [106, 154].

7. Dissimilarity in parenting [81]: dissimilarities between parents would not only impact on
the problems in the child, it will as well cause higher marital conflicts and dissatisfaction
between the couple.

8. Higher levels of parenting stress are often associated with the presence of marital
disharmony, divorce, separation, remarriage, parental depression [37, 136]. Stressed
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parents exhibit either hostility, over-protectiveness or are unavailable when dealing with
their children.

The negative parenting behavior as stated above, i.e., hostile, unavailable, inconsistent
parenting along with parental stress and psychopathology often influences the parent child
interactions and family functioning. In children these circumstances predict treatment
outcomes [110].

Parents from every background love their children and want to protect them from all sorts of
harm and misfortune. Qualities in parents such as the presence of parental affection and
sensitivity, the amount and nature of control strategies, and monitoring are key aspects of
healthy child development [104, 155]. The existence of warmth, acceptance, and communica‐
tion becomes increasingly important during adolescence. Parents are an important source of
support, especially among adolescents. They can still exert influence over their children’s
behavior by providing the existence of being responsive and sensitive while creating a caring
and safe family environment, and not just the presence of strict control. As a matter of fact,
strict control, especially during adolescence, is associated with deviance and misconduct
[156-158].

The manner in which parents respond to their children’s emotions and behaviors, their
perception and managing of their children’s behaviors impacts the outcomes of the difficulties,
the child’s self-image and problem-solving skills. Bowlby [159] hypothesized early experiences
with primary caregivers are internalized by the child as generalized mental representations or
internal working models i.e. the child’s image of the self as well as the image of others. These
cognitive representations of early relationships serve as templates for functioning in future
relationships [100, 103] and shapes how the child responds to external events [102, 160]. These
mental representations (organize a person’s adults’ later attachment-related representations
and) play a key role in guiding interpersonal behavior and regulating affect during adolescence
and adulthood [161, 162].

In positive parenting, parents create an environment of secure attachment by balancing giving
the child their attention while creating the presence of a nurturing environment. In this style
of parenting, appropriate attention is given, and there is often positive affect felt through the
expression presence of positive emotions. Communication is encouraged; there is presence of
proper discipline and structure, with clear rules, instructions. There are, and consistent
monitoring of how things are balanced with use of praises [163, 164]. Parents react positively,
allowing their children to learn to control their impulses using their cognition [149]. This style
of parenting serves as protective factor that results in and facilitates the development of proper
self-regulation [149].

In dealing with children with ADHD, parents need loads of patience and consistency as the
case demonstrates. It is not easy dealing with a child who is active, has difficulties to stay focus
to listen to parents, to follow as parents want them to. It is not surprising that parents with
ADHD children tend to be more controlling and disapproving of their children. They fre‐
quently give their attention to their child’s overactive and impulsive behaviors. They invari‐
ably repeat their commands, and become increasingly impatient with little reaction from their
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child. More verbal commands follows accompanied by them attempting to correct their child’s
behavior and subsequently trailed by verbal reprimands. This is a common scene with parents
of children with ADHD.

Positive family environments are crucial in promoting children’s emotional and behavioral
wellbeing. Positive and secure bonding the child’s trust in themselves and others, while
inadequate and defective bonding results in patterns of insecurity and self-doubt. Being in a
positive family environment also buffers the difficulties associated with the disorder. The
authoritative parenting style has been shown to be associated with better social competence,
fewer behavioral problems [142, 143, 165], decreases the development of conduct problems
[20, 37, 136], and even has impact on aspects of children’s school readiness [165, 166]. Parental
warmth, in combination with other positive parenting behaviors, has been associated with
lower levels of conduct problems [150] even in kindergarten and first grade children [20].

Johnston [125] found among parents with older ADHD children with higher oppositional
behaviors, report of feeling less competent as parents than those of ADHD children without
or exhibiting less oppositional behaviors. This has been seen in other studies [87, 110, 116].
This is not surprising as it is indeed difficult handling a child with ADHD, and when stressed,
parents are often left feeling frustrated or irritable and accompanied by feelings of being
powerless and insufficiency. Being in this state often leads to ineffective parenting and often
has negative consequences the child.

Qualities in parents such as the presence of parental affection and sensitivity with the existence
of warmth, acceptance, and appropriate involvement are key aspects of healthy child devel‐
opment. Appropraite parenting behaviors result in a positive interaction with the child, such
that the child feel safe and reassured. There are more active listening, expressions of encour‐
agement, with opportunities and experiences for the child by allowing them to learn through
trial and error, while tolerating their child’s negative affect.

12. Role of professionals

The families of children with ADHD experience difficulties in many areas of functioning as
illustrated with Alice. The presence of the difficulties in the child as well as comorbidities
signifies risk factors for insecure attachment with impact on the parent child relationship. The
existence of these factors and its consequences must be recognized.

ADHD creates a huge impact not only on the child alone but also upon the whole family. From
the very initial consultation, parental factors, such as perception of parents/caregivers, the
dynamics within the family, emotional difficulties of parents themselves, and their parenting
skills, areas 
of concernin the family that needs consideration.

In pharmacological treatment of ADHD, the effectiveness of medication has been well
established. However, medication alone cannot and should not serve to be the sole modality
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of treatment. Of recent, increasing evidence has demonstrated the role of multi-modal
treatment for effectively addressing the diverse difficulties of children with ADHD [167].

To be most effective in helping children and their families, it is commended that health care
professionals have a good understanding of the individual and their family development.
Family difficulties are common as discussed in Alice’s family, i.e., parental depression,
aggression, marital discord, and hostile parent child interactions. While child characteristics
are important, the discussion emphasizes on the need to look at what other factors contribute
to attachment difficulties and family destabilization. Thus, the assessment should include
family factors that may have an impact on the child and their family functioning, which is often
related to the origins of behavior problems in the child [135, 136].

Understanding family dynamics is most essential, in order to examine the interactions among
family members, and identify factors that are triggering or maintaining undesirable behaviors.
These dynamic interactions between social, biological, and psychological factors of the child
often lead to longstanding distress in the child and their family. The family environment if
often viewed as the earliest setting for dysfunctional attitudes, behaviors and interactional
patterns which often results in self-esteem issues, symptoms of depression and anxiety [94,
153, 168] as well as learning antisocial behaviors [169]. In order to facilitate the child’s progress
towards recovery, positive changes within the child’s family 
must be addressed.

Positive parenting styles are significantly associated with development of more appropriate
behavior in children including their inhibition capacities [164]. Parents often misunderstand
the use of punishment in changing a child’s behavior. It has well been demonstrated that once
punishment ceases, children often return to their previous behavior(s). Using harsh punish‐
ment does not help establish new and wanted behaviors; in fact, it is linked to the presence of
more undesired behavior, including withdrawal of the child from their parents. Additionally,
children often model their parents’ behavior(s). In clinical setting it is common parents report
their children hitting back their parents when in anger or frustrated.

Much of the evidence indicates family therapy being efficacious for children with ADHD refers
to multimodal forms of family therapy. This often includes pharmacological treatment along
with family therapy or parent training, and individual therapy for children [170-172]. Though
further research is still necessary examining the effectiveness of family therapy as an relevant
intervention for children with ADHD [173], other clinicians and researchers emphasize the
need to routinely focus on children’s attachment and attachment difficulties in clinical settings
and to incorporate it in the treatment option [149, 172].

There is now increasing evidence of the implication of parent training programs, with results
showing the improvement of the child’s behavior [170]. In working with children like Alice,
parent work and individual therapy with the parent(s), are essential. A broad-based psycho‐
dynamic approach was taken working with Alice’s mother. To begin with, a client-centered
approach was initiated. It was discovered Alice’s mother was vulnerable and needed emo‐
tional support. Alice’s mother needed to work through her own challenging childhood
experiences and a conflictual marriage with an over controlling husband. With psychotherapy,
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Alice’s mother was able to mourn her losses she had sustained since her childhood. It was
through reflection that she was finally able to view herself, her needs and the needs of her
child, and how pathological her responses to Alice had been. With the employment of object
relations theory in therapy, Alice’s mother was able to view that she was parenting Alice
similarly, to her own mother, whom she had vowed never to become.

Clinicians work to facilitate changes in the internal working model of many of their clients.
After several sessions, Alice’s mother no longer perceived Alice negatively. Alice too was able
to form a more trusting and comfortable relationship with her mother. Parenting skills were
later introduced. Alizadeh, Applequist [87] further emphasize the usefulness to educate
parents in their recognition that ADHD is not their fault, nor is it a consequence of something
that they have done in the past.

The clinician had hoped to engage Alice’s father into therapy however, the huge resistance
that Alice’s father demonstrated made it difficult. Father was unhappy that his wife was
attending therapy, and made it apparent. Alice’s father’s own difficulty in managing his
emotions, his own psychological issues and immense need for control, and most immediate,
a very high likelihood of Adult ADHD, would need to be addressed at some point.

Current progress:

Alice still attends treatment, where she now is on daily long-acting stimulant, and doing well in school.
Her much improved relationship with mum at times does have difficult phases, where she struggles to
communicate and at times hides the truth from her mother. Overall their relationship had improved
significantly. The difficulties with dad remain.

Alice was noted to be less impulsive, she was more able to think through things carefully, and was able
to make wiser choices on her own. One of them was her choosing to end the strained relationship with
her boyfriend, who himself had significant emotional difficulties. The triumph for the year for Alice was
she was awarded a prize of being the student with the most improvement shown in the year

The purpose of this chapter was to illustrate the magnitude of complexity in dealing with a
child with ADHD. The interplay of roles within their families, and the huge impact that family
difficulties have on a child with ADHD warrants the need for mental health professionals to
look beyond the core symptoms of the disorder. In recognizing, assessing and treating family
difficulties of children with ADHD, clinicians often need to incorporate several modalities of
treatment demonstrated. This is to increase the likelihood. This brings us back to the very core
hallmarks of child psychiatry, which serves to remind us that one cannot treat children without
treating their families. There is no denying that the mental well-being of parents is utmost
important; the captain of the ship has to be working well to maintain the mental health and
well-being of the members of the ship (called family).

In the best attempt to maintain confidentiality, the real name of the child was not used. Her
ethnicity, place of residence, the name of her parents, and socio-demographic details have been
intentionally omitted. This was in order to preserve, in the best interest of the child and her
family, to disguise her identity. This is also in accordance to adhere to the ethics of publishing.
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Abstract

Understanding the history of the development of diagnostic criteria for ADHD, the
parallel growth of the ADHD drug market, and factors that improve the symptoms
of ADHD provides insight into alternative approaches to treatment and the potential
for prevention. This chapter sheds light on the rise of ADHD as a diagnostic disorder,
and highlights the growth of the ADHD drug market and associated drug sales. The
chapter concludes by exploring the potential strategies for preventing ADHD,
reviewing research on sleep, omega-3 supplementation, and meditation.

Keywords: ADHD, Executive Function, Meditation, Prevention, Transcendental
Meditati

1. Introduction

ADHD is considered the most common chronic disorder of childhood. In the USA, 11% of
children aged 4–17 have been diagnosed with ADHD, a 16% increase since 2007 [1]. Some
studies suggest that this is a significant underestimation, because the diagnosis may be missed
in as many as 50% to 75% of girls (girls often do not exhibit the more disruptive behaviors
associated with the disorder). In comparison, all cancers combined affect less than 4% of the
population. From this perspective, ADHD might be considered an epidemic among today’s
children.

Why is it that today greater than 1 in 10 children have ADHD? Where did it come from? When
did it appear? What are the possible causes? To gain perspective on the current prevalence of
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ADHD, it is useful to follow the history of the disorder. This can also provide insight into the
possibilities for prevention.

2. Origins of drug treatment for ADHD

The first documentation of a disorder relating to impulsiveness in children was in Britain in
1902. Dr. George Still suggested that overactivity and defiant behavior was a “defect of moral
control” caused by a genetic tendency toward moral deviation, or the result of an injury at
birth. Later, in the 1920s, child survivors of the 1917–1926 pandemic of encephalitis exhibited
symptoms of severe behavioral disturbances including hyperactivity. Their behaviors were
termed “post-encephalitic behavior disorder”.

Drug treatment to control behavior and improve attention emerged when in 1937, Dr. Charles
Bradley postulated that amphetamines might help calm children who were in a treatment
center for behavioral and neurological problems. Dr. Bradley accidently discovered that
children taking the drug also happened to do better in school.

The turning point was in the late 1950s when Dr. Leon Eisenberg conducted the first random‐
ized controlled study of the use of Ritalin for children with hyperactivity. He found the drug
to be effective, and therefore concluded the children’s behavior was a result of impaired brain
functioning, coining the phrase “minimal brain dysfunction” to explain the symptoms. This
“dysfunction” was then defined as a mental illness in the Diagnostic and Statistical Manual of
Mental Disorders (DSM). The DSM, published by the American Psychiatric Association, covers
all mental health disorders of children and adults. The book is considered the “bible” of
psychiatric diagnoses. Once a condition is labeled and listed in the DSM, it has credibility and
legitimacy as a mental disorder.

In 1961, soon after Dr. Eisenberg’s results were published, Ritalin was approved by the FDA
for use with children. Ten years later, 150, 000 children were taking the drug. There was,
however, no actual scientific evidence underlying the assumption that hyperactivity was the
result of brain dysfunction. Consequently, in 1979 the FDA ordered that “minimal brain
dysfunction” be eliminated as a diagnostic term.

Around this time, psychiatry was moving from the view that behavior problems are the result
of environment (home life and parenting) to the belief that the problems are the result of
chemical imbalances. Though, again, there was no scientific foundation for this shift in
thinking. The growing availability and use of drug treatment was serving as de facto evidence
that the problems must be chemically based since they could be treated, with some effect, by
chemicals.

3. Initial concerns about drug treatment

By 1980 the description of hyperactivity in the DSM had morphed into ADHD, with a
broadening symptom list. It was beginning to encompass what might previously have been
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accepted as common differences in how children behave. By this time, 500, 000 children were
taking Ritalin. Parents were told the drug was mild, safe, and effective.

The active ingredient in Ritalin and most other ADHD medications is methylphenidate, which
is an amphetamine. The US government classifies these drugs as Schedule II drugs. Schedule
II drugs, which include opiates, are defined as having high potential for abuse, and may lead
to severe psychological or physical dependence. ADHD drugs are in the same drug classifi‐
cation as opium, cocaine, morphine, and oxycodone.

From 1990 to 1997, the use of Ritalin increased 700%. In 1996, the US Drug Enforcement Agency
(DEA) convened a national conference of experts in research, medicine, public health, and law
enforcement to examine the use of the drug with school-age children for the treatment of
ADHD. The DEA enforces laws and regulations pertaining to controlled substances. The
agency was alarmed by the tremendous increase in the use of Ritalin (the only ADHD drug
on the market at the time), and concerned about the dangers of the drug as a Schedule II
substance.

Below is an excerpt from comments made by Gene R. Haislip, Deputy Assistant Administrator
of the DEA’s Office of Diversion Control, at the conclusion of the conference.

“...there is also strong evidence that the drugs have been greatly over-prescribed
in some parts of the country as a panacea for behavior problems. These drugs have
been over-promoted, over-marketed and over-sold, resulting in profits of some
$450 million annually. This constitutes a potential health threat to many children
and has also created a new source of drug abuse and illicit traffic. The data shows
that there has been a 1, 000 percent increase in drug abuse injury reports involving
methylphenidate for children in the 10 to 14 age group. This now equals or exceeds
reports for the same age group involving cocaine. The reported numbers are still
small but experts feel that this is only the "tip of the iceberg. “[2]

Though 20 years later there is continued debate as to whether ADHD medication is overpre‐
scribed, the issues raised by the DEA remain, as the number of prescriptions for these drugs
rise every year.

4. MTA Study

What has been considered the definitive study about treatment for ADHD was published in
late 1999. The US government funded Multimodal Treatment Study of Children with ADHD
– “MTA” for short – involved 18 nationally recognized authorities in ADHD at 6 different
university medical centers and hospitals to evaluate treatments for ADHD. The study followed
579 elementary school children, aged 7–9, who received either (1) medication alone, (2)
psychosocial/behavioral treatment alone, (3) a combination of both, or (4) routine community
care.

The study reported that the most effective treatment was a combination of medication and
psychosocial/behavioral treatment. Second was medication alone, which was reported as more
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effective than routine community care. The drug and behavioral interventions in the study
were very intensive. They included training sessions with the parents as well as regular
meetings with the child, parents, and even teachers. The regimens also included behavioral
therapy in the classroom by a special teacher’s aide, and special summer camp for the children.
When compared with community-based programs where the doctor would see the child once
or twice a year, these intensive study interventions showed improvements over the commun‐
ity-based treatment.

However, all children actually tended to improve over the course of the study, differing only
in the relative amount of improvement. For some outcomes that are important in the daily
functioning (e.g., academic performance, familial relations), only the addition of behavioral
therapy with medication produced improvements better than community care. Of note,
families and teachers reported somewhat higher levels of satisfaction for the treatments that
included the behavioral therapy components.

In 2007, several follow-up studies of the children in the 1999 study painted a very different
picture than that of the initial study. After three years of treatment, there were no significant
differences in symptoms among the children who received the intensive drug treatments and
those who did not. Further, those on the drug regimens had significantly higher rates of
delinquency and substance use [3]. The study also showed that the children in the drug groups
experienced growth retardation.

5. Concerns about safety and long-term effects

Though the MTA study showed that behavioral intervention along with medication was
shown to be most effective, it was drug treatment alone that most often became the treatment
of choice. By 2004, the market for ADHD-related drugs in the USA had grown to over $3 billion
annually.

By 2005, concerns were emerging about the safety of the drugs. The FDA announced safety
concerns about the drugs causing hallucinations, suicidal ideation, psychotic behavior, and
aggressive and violent behavior. The agency convened an advisory panel to examine the safety
issues. The panel recommended that “black box” warnings be placed on all ADHD drug
products. Black box warnings tell the consumer that the drug has a significant risk of serious
or even life-threatening side-effects.

However, after hearings were held, including testimony from doctors who were often
consultants paid by the drug makers, the FDA rejected the advisory panel’s recommendation.
This was the first time in the history of the FDA that the agency rejected an advisory panel’s
recommendations. But, in 2006, with the evidence mounting about the potentially harmful
effects of the medication, the FDA convened a second pediatric advisory panel, with the
objective to examine the relationship to cardiac risk including sudden death. This time the
FDA took the panel’s advice to require black box warnings on the drugs.

Also in 2005, while concerns were surfacing about the safety of the ADHD drugs for children,
the makers of Adderall announced the results of a study showing significant improvement in
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ADHD symptoms in adults taking the drug. Magazine articles began appearing about adult
ADHD (even though at the time ADHD was defined as a disorder of childhood, with symp‐
toms appearing before age 7).

The effectiveness of drug medication continues to be questionable. In 2009, another follow-up
study of the MTA groups was published. Eight years after the original intervention, there was
again no difference in symptoms among those who continued on medication and those who
did not. And those who continued on the medication were about an inch shorter and six
pounds lighter than their counterparts who were not on the drugs [4].

At this point, Dr. William Pelham, one of the original researchers of the 1999 study as well as
on the follow-up studies, was quoted as saying “The stance the group took in the first paper
was so strong that the people are embarrassed to say they were wrong and we led the whole
field astray” [5].

There is now growing exploration of the long-term effects of ADHD medication. In early 2010,
the Government of Western Australia Department of Health reported on a study it conducted
[6]. They described the study as “the first of its type in the world” and found that “long-term
use of drugs such as Ritalin and dexamphetamine may not improve a child’s social and
emotional well-being or academic performance.” In a statement, the Chair of the Ministerial
Implementation Committee for Attention Deficit Hyperactivity Disorder in Western Australia
said "We found that stimulant medication did not significantly improve a child’s level of
depression, self-perception or social functioning and they were more likely to be performing
below their age level at school by a factor of 10.5 times."

In spite of the growing number of studies indicating the questionable long-term effectiveness
of ADHD drugs, there has been little abatement in the number of children prescribed these
drugs. A recent study of medication trends reported a 36% increase in ADHD prescriptions
from 2008–2012, with the number of adults on these drugs growing even faster, with a 53%
increase over the same time period [7]. Drug sales continue to grow, expecting to reach almost
$13 billion in 2015, and more children identified with the disorder. With no clear understanding
of the causes, it raises the question as to whether this is the result of increased prevalence,
better diagnostics, or better marketing.

ADHD is now one of the most researched psychiatric disorders of childhood. Usually, such
extensive research leads to a more specifically and more narrowly defined description of a
disorder. However, with ADHD, the description has grown broader and more inclusive rather
than narrower and exclusive, encompassing a wide variety of temperaments, learning abilities,
and social and behavioral responses.

6. Alternative treatments and prevention

For some children and adults, ADHD medication can be life-changing. However, like all
medication, ADHD drugs do not work for everyone. In general, medication tends to be
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effective for some users, not effective for others, and have adverse effects for the remaining
users.

Current medications do not cure ADHD. They can help control the symptoms, and can help
a child pay attention. It is not clear, however, whether medication helps children learn better.
Further, studies do not show long-term functional benefit from medication.

The American Academy of Pediatrics recommends behavioral approaches as the first line of
treatment for young children. For elementary school age children and adolescents, if behav‐
ioral therapy alone is not sufficient, then medication is recommended – preferably along with
behavioral approaches [8]. Though the guidelines recommend behavioral approaches as first-
line therapy, or if necessary, both medication and behavioral approaches, less than half of
children treated for ADHD receive behavioral therapy. Studies do not show long-term
functional benefit from medication. In contrast, behavioral approaches help children learn self-
control, critical for functionality and success.

Though millions of adults and children are affected by ADHD, there is little or no study of
means of preventing the disorder. While ADHD medication can be effective for a percentage
of those with symptoms, medication as prevention would be a dangerous strategy. Studies
have shown that for those who do not exhibit symptoms of ADHD and evidence of biochemical
imbalance or developmental impairment, these drugs can be harmful. In surveys of nonmed‐
ical use, or abuse, of ADHD drugs, adverse events were frequently reported, including sleep
difficulties (72%), irritability (62%), dizziness and light-headedness (35%), headaches (33%),
stomach aches (33%), and sadness (25%) [9].

Non-pharmaceutical approaches may hold the greatest promise for both prevention and for
self-management and learning. Parents and adult sufferers frequently turn to diet and
nutrition to treat symptoms following anecdotal reports of the association between food
additives, environmental toxins, or nutritional deficiencies, with the expectation that address‐
ing these issues may reduce symptoms or prevent development of ADHD, though there is
scant research on the effectiveness. There are however, some alternatives that show promise
as both treatment approaches and as potential means of prevention. These will be discussed
in the following sections.

7. Omega-3

One notable dietary supplement that has shown research-based benefits is the use of omega-3
fatty acid supplementation [10, 11]. Omega-3 increases myelination, development of a fatty
layer around the cell fibers. Myelination increases the speed of information processing. Studies
have shown that those with developmental delay in motor and cognitive milestones have
significant reductions in myelination [12], offering an explanation for the mechanisms of how
omega-3 can improve symptoms of ADHD. Since omega-3 fosters development of myelina‐
tion, and myelination increases brain processing, supplementation with omega-3 may offer a
viable preventive approach.
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8. Sleep

Insufficient rest can have serious detrimental effects on learning, mental health, and brain
development, including memory. Memory reprocessing during sleep is an important compo‐
nent of how our memories are formed and ultimately shaped [13]. Studies show that sleep
facilitates learning, theoretically because it prevents interference from on-going sensory input
and cognitive activities that normally occur during waking. Similarly, research has shown that
restful waking (e.g., lying in a dark room) also facilitates learning, and can contribute to the
facilitation of learning that occurs during sleep [14].

A study of behavioral sleep intervention modestly improved the severity of ADHD symptoms
in a community sample of children with ADHD, most of whom were taking stimulant
medications. The intervention also improved the children’s sleep, behavior, quality of life, and
functioning, with most benefits sustained to six months post-intervention [15].

Study of sleep duration found that children having longer duration of sleep per night were at
lower risk of ADHD symptoms than those who slept only 7.7 hours or less [16]. Thus, im‐
proving the quality of sleep and duration of sleep can have important implications for
reduction of ADHD symptoms including behavior regulation and executive function, and
importantly, for reducing the risk of ADHD.

9. Stress

Stress can play a significant role in ADHD symptoms. Stress interferes with executive function
and behavior regulation [17, 18], resulting in difficulties with working memory, organization,
attention, and impulse control. Stress also limits mental flexibility and reduces coping
strategies.

Many of the symptoms associated with ADHD are also symptoms of chronic stress (Table 1).
The Diagnostic and Statistical Manual of Mental Disorders (DSM-V) symptoms of ADHD can
be viewed as the way in which these symptoms appear in children.

Symptoms of Stress Symptoms of ADHD

Inability to concentrate Difficulty sustaining attention
Not listening when spoken to

Difficulty organizing Difficulty organizing

Memory problems Forgetfulness

Poor judgment Speaks without thinking

Short temper Impulsivity

Table 1. Symptoms of stress closely match symptoms of ADHD

The part of the brain responsible for developing means of adjusting to stress is the prefrontal
areas. Children with ADHD have been shown to have impaired function of this area [19]. This
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region is responsible for developing coping strategies, influencing the ability to handle stress.
Children exposed to trauma or other adverse experiences during childhood are almost three
times more likely to have ADHD. Chronic acute stress leads to elevated levels of cortisol. In
children with ADHD, high cortisol levels interfere with executive function, self-regulation,
and learning [20].

Chronic physical or psychological stress can change the brain. The body's natural response to
stress is to activate the sympathetic nervous system, or “fight or flight” response. This results
in changes to the levels of dopamine, norepinephrine, serotonin, and cortisol. These changes
interfere with memory, and lead to increases in irritability, aggression, impulsivity, suicide,
and alcohol and drug abuse. Chronic stress damages or kills brain pathways. As much as 34%
reduction in cells in the prefrontal cortex have been reported [21]. Modalities that reduce stress
can have a positive effect on ADHD symptoms.

In addition, early intervention with stress-reducing strategies in the presence of trauma,
emotional or physiological stress, or even severe illness, has the potential to prevent the
development of ADHD symptoms. Recognition of the relationship of stress and the symptoms
of ADHD helps to understand the underlying factors influencing these symptoms, and helps
improve screening and treatment approaches.

10. Stress reduction and meditation

Given the role stress seems to play in the cognitive function and symptoms of ADHD, it is
logical to explore stress reduction techniques as a means of minimizing the effects of stress
and potentially preventing ADHD. Commonly suggested stress management options include
exercise, deep breathing, yoga, and meditation. Research in techniques is limited, but medi‐
tation shows promise as both a behavioral strategy for treatment and as prevention through
stress reduction.

Recent neuroscience research has shed light on the differences in different forms of meditation,
how they work, the areas of the brain affected, and the overall effects. Different techniques use
different procedures for reaching a state of relaxation, and have different effects [22, 23].

Meditation practices have been classified into three types based on their EEG results. The three
types are (1) techniques of concentration, also called focused attention, (2) mindfulness-type
meditation, also called open monitoring, and (3) transcending, also called automatic self-
transcending [24].

Techniques of focused attention are concentration techniques, where attention is kept on the
object of meditation, such as an event, image, or sound. Open monitoring or mindfulness-
based techniques involve dispassionate non-judgmental monitoring of experience. Automatic
self-transcending meditation is defined as effortless transcending of the meditation process
itself [24, 25]. Each of these techniques has their own unique EEG signatures.

Preliminary research investigated the effects of mindfulness training on 24 adults and 8
adolescents diagnosed with ADHD, who received an 8-week mindfulness training program.
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Seventy-five percent of these individuals finished the eight-week program. After the mind‐
fulness training, both adults and adolescents exhibited statistically significant decreases in
inattention and hyperactivity [26].

The Transcendental Meditation (TM) technique falls into the category of automatic self-
transcending [27]. Concentration and open monitoring meditations both require some mental
effort (i.e., holding attention on its object or maintaining attention on an on-going experience,
respectively). The Transcendental Meditation technique automatically leads to a relaxed state
where the mind is not actively engaged in controlling or directing the thinking process. The
awareness actually goes beyond the active level of thought to experience what is referred to
as transcendental or pure consciousness.

Transcendental Meditation is practiced for 10–20 minutes twice a day, with eyes closed. The
technique is simple, and easy to do. It does not involve concentration or controlling the mind
– both of which are difficult for an individual with ADHD.

Measurement of brain function during the Transcendental Meditation technique shows
increases in brain coherence both during the practice of the Transcendental Meditation
technique and afterwards in activity [24, 28, 29]. The primary areas of the brain activated are
the frontal and prefrontal executive areas responsible for attention, executive function,
emotional stability, and anxiety (Figure 1) [28, 30].

Study of college students practicing the Transcendental Meditation technique showed reduced
stress and anxiety, and improved cognitive processes compared to controls [31, 32]. Effects
include balancing the neurohormones including cortisol and serotonin [33, 34, 35] during
meditation and during activity.

The use of the Transcendental Meditation technique for stress reduction in adolescents has
resulted in improvement in school behavior, decreases in absenteeism and rule infractions,
and reduction in suspensions due to behavior-related problems [36]. Students practicing the
Transcendental Meditation technique show increased emotional regulation and improved
well-being [37], as well as improved academic performance.

Students with ADHD who were practicing the Transcendental Meditation technique in school
showed reduced stress and stress-related symptoms including anxiety, anxiousness, and
depression. Improvements in behavior regulation and emotional control were also significant.
In addition to reduction in stress-related symptoms, there were improvements in cognitive
function, including the ability to initiate tasks, working memory, planning, and organizing.

In an effort to more objectively diagnose ADHD, rather than completely relying on subjective
questionnaires, the US Food and Drug Administration (FDA) recently approved a device for
measuring brain waves that can be used as a means of diagnosing ADHD. The device measures
theta/beta brain frequencies ratio. Theta/beta ratios are higher in children with ADHD.

The Transcendental Meditation technique has been shown to improve theta/beta ratios
through the effortless practice of the technique. In a randomized controlled trial of the
Transcendental Meditation technique, EEG coherence, theta/beta ratio, and executive function
were measured in middle school students with ADHD. After three months, the group

Evolution of a Disorder and Insights into Prevention of ADHD
http://dx.doi.org/10.5772/61069

287



practicing the Transcendental Meditation technique showed improvements in theta/beta
ratios. At the 6-months post-test, theta/beta ratios were in the normal range [38].

11. Conclusion

Understanding the history of the development of diagnostic criteria for ADHD, the parallel
growth of the ADHD drug market, and factors that improve the symptoms of ADHD provides
insight into alternative approaches to treatment and the potential for prevention.

Recognition of the role fatty acids, sleep, and stress play in cognitive function and behavior
regulation in ADHD offers opportunities to intervene to alter the course of the disorder.
Interventions that immediately address reducing the effects of the stressors, improve sleep,
and enhance myelination have the potential of reducing the damaging effects on the brain,
and possibly avoiding manifestation of the symptoms of ADHD.

Figure 1. fMRI showing increased activation in the frontal areas of the brain during the practice of the Transcendental
Meditation technique (Courtesy of M. Ludwig, 2012)
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Initial research supports the value of Transcendental Meditation as a promising behavioral
tool not only for reducing symptoms of ADHD in adults and children but also for enhancing
brain development, and for potentially preventing the future development of symptoms.
Strategies for improved sleep and omega-3 dietary supplementation may also be beneficial
strategies for intervention and prevention.
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Abstract

Medication and behavioral treatments have been used for ADHD treatments;
however, both have limitations. Mindfulness meditation has been shown to improve
attention and self-control, (or self-regulation), which could help the core ADHD
symptoms of inattention, impulsivity, and hyperactivity. This chapter aims to review
the latest literature on the effectiveness of mindfulness meditation on ADHD, to
explore the brain mechanism underlying ADHD intervention, and to propose a
mindfulness-based preventive intervention for ADHD symptoms and treatments.

Keywords: Mindfulness meditation, attention, self-control, IBMT, brain mechanism

1. Introduction

People with attention deficit/hyperactivity disorder (ADHD) have problems sustaining
attention over prolonged periods of time, have difficulty to hold goals and plans in mind, and
have difficulty inhibiting a prepotent response. Consequently, this neurodevelopmental
disorder is characterized by symptoms of inattention, impulsivity, and hyperactivity and can
influence brain structure and function [1]. Medication (mostly stimulants) and behavioral
treatments (e.g., cognitive behavioral therapy) have been used for ADHD treatments; however,
both have limitations. For example, medication works only short term and often has side
effects, and treatment fidelity is often low [2].

Mindfulness meditation is often described as non-judgmental attention to experiences in the
present moment [3, 4]. It has been suggested that mindfulness meditation involves a systematic

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



training of attention and self-control [3]. It is thus reasonable to suggest that the underlying
brain mechanisms of mindfulness may involve similar brain regions and networks as these
mental processes [3–5]. Mindfulness meditation has been shown to improve attention and self-
control [3, 6–10]. Since poor attention functioning is a core symptom of ADHD [11] and
executive functioning deficits in ADHD are common [12–14], mindfulness meditation that
purportedly strengthen these processes may help the ADHD symptoms and treatments.

In this chapter, we first introduce attention and self-control (or self-regulation) networks and
the brain mechanism underlying ADHD intervention. We also summarize the latest literature
on the effectiveness of mindfulness meditation on ADHD and then propose a mindfulness-
based preventive intervention for ADHD symptoms and treatments.

2. Attention and self-control networks

Attention can be viewed as a system of anatomical areas that consists of three or more
specialized networks. These networks carry out the functions of alerting, orienting and
executive control, or resolving conflict [15]. Figure 1 illustrates what is known of the anatomy
of attention networks that involves in mindfulness practice, especially executive control
(attention) network [6,15]. The executive attention network shares with the brain circuits of
self-regulation, mainly in the anterior cingulate cortex (ACC) and its adjacent medial prefrontal
cortex (mPFC) and striatum/basal ganglia [16–18]. In mindfulness meditation, attentional
control is required to stay engaged in the practice, and meditators often report improved
attention control as an effect of repeated practice [6, 9]. Research has shown that the executive
control (attention) network is heavily involved in mindfulness practice [3–6, 9,10]. In sum,
ACC/mPFC and striatum play an important role in attention control and self-control following
mindfulness.

3. Brain mechanism involved in ADHD

Functional neuroimaging and structural neuroimaging have identified brain abnormalities
involved in ADHD. The hypofunction of the brain regions, including the cingulo-frontal–
parietal cognitive attention network, has been consistently observed across studies [19]. Meta-
analysis has also shown a ventral–striatal hyporesponsiveness in ADHD [20]. These are major
components of neural systems related to ADHD, including attention and self-control net‐
works, motor systems, and reward/feedback-based processing systems. The ADHD neuroi‐
maging research related to these network dysfunction is also associated with the core
symptoms of inattention, impulsivity, and hyperactivity. This evidence suggests the biomark‐
ers of diagnosis and treatment in ADHD prevention and intervention. However, these network
abnormalities are not the only factors responsible for ADHD; instead, they are only part of the
pathophysiology of ADHD [20]. In order to fully characterize the disorder, we should not only
consider the dysfunction of prefrontal–striatal circuitry but also consider the large-scale neural

ADHD - New Directions in Diagnosis and Treatment294



training of attention and self-control [3]. It is thus reasonable to suggest that the underlying
brain mechanisms of mindfulness may involve similar brain regions and networks as these
mental processes [3–5]. Mindfulness meditation has been shown to improve attention and self-
control [3, 6–10]. Since poor attention functioning is a core symptom of ADHD [11] and
executive functioning deficits in ADHD are common [12–14], mindfulness meditation that
purportedly strengthen these processes may help the ADHD symptoms and treatments.

In this chapter, we first introduce attention and self-control (or self-regulation) networks and
the brain mechanism underlying ADHD intervention. We also summarize the latest literature
on the effectiveness of mindfulness meditation on ADHD and then propose a mindfulness-
based preventive intervention for ADHD symptoms and treatments.

2. Attention and self-control networks

Attention can be viewed as a system of anatomical areas that consists of three or more
specialized networks. These networks carry out the functions of alerting, orienting and
executive control, or resolving conflict [15]. Figure 1 illustrates what is known of the anatomy
of attention networks that involves in mindfulness practice, especially executive control
(attention) network [6,15]. The executive attention network shares with the brain circuits of
self-regulation, mainly in the anterior cingulate cortex (ACC) and its adjacent medial prefrontal
cortex (mPFC) and striatum/basal ganglia [16–18]. In mindfulness meditation, attentional
control is required to stay engaged in the practice, and meditators often report improved
attention control as an effect of repeated practice [6, 9]. Research has shown that the executive
control (attention) network is heavily involved in mindfulness practice [3–6, 9,10]. In sum,
ACC/mPFC and striatum play an important role in attention control and self-control following
mindfulness.

3. Brain mechanism involved in ADHD

Functional neuroimaging and structural neuroimaging have identified brain abnormalities
involved in ADHD. The hypofunction of the brain regions, including the cingulo-frontal–
parietal cognitive attention network, has been consistently observed across studies [19]. Meta-
analysis has also shown a ventral–striatal hyporesponsiveness in ADHD [20]. These are major
components of neural systems related to ADHD, including attention and self-control net‐
works, motor systems, and reward/feedback-based processing systems. The ADHD neuroi‐
maging research related to these network dysfunction is also associated with the core
symptoms of inattention, impulsivity, and hyperactivity. This evidence suggests the biomark‐
ers of diagnosis and treatment in ADHD prevention and intervention. However, these network
abnormalities are not the only factors responsible for ADHD; instead, they are only part of the
pathophysiology of ADHD [20]. In order to fully characterize the disorder, we should not only
consider the dysfunction of prefrontal–striatal circuitry but also consider the large-scale neural

ADHD - New Directions in Diagnosis and Treatment294

systems involved in ADHD based on recent advances in systems neuroscience-based ap‐
proaches to brain dysfunction [21].

4. Mindfulness-based preventive intervention for ADHD

In addition to the pharmacological and behavioral treatments, mindfulness meditation has
also been shown to improve attention and self-control [3, 6–10]. Given that poor attention
functioning is a core symptom of ADHD [11] and self-control (executive functioning) deficits
in ADHD are common [12–14], mindfulness meditation could strengthen these processes and
may help the ADHD symptoms and treatments. We here propose the integrated translational
model for mindfulness meditation as prevention strategies on ADHD [3]. As shown in Figure
2, mindfulness meditation includes at least three components that interact closely to constitute
a process of enhanced self-regulation: enhanced attention control, improved emotion regula‐
tion, and altered self-awareness that targets the core symptoms of ADHD.

Previously in healthy population, we have applied one form of mindfulness meditation, the
integrative body–mind training (IBMT) [3, 6], originating from an ancient eastern contempla‐
tive tradition, which involves body relaxation, mental imagery, and mindfulness training.
Eighty undergraduates were randomly assigned to an experimental group (IBMT) or a control
group (relaxation training) for 5 days of short-term training (20 min per day). The IBMT group
showed significantly greater improvement of performance in executive attention as measured

Figure 1. The anatomy of attention and self-control networks. Square, alerting network; circle, orienting network; tri‐
angle, executive control network. Executive attention shares with the brain circuits of self-control, mainly in ACC/
mPFC. We call this as attention/self-control networks.
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by the attention network test (ANT). They also reported lower anxiety, depression, anger, and
fatigue and higher vigor. In addition, we found that after a stressful task, IBMT participants
showed significantly reduced stress responses, as measured by salivary cortisol, and increased
immunoreactivity, as measured by salivary immunoglobulin A [6]. These results indicated
that brief mindfulness meditation – IBMT – can improve attention and self-regulation ability.
A similar study showed that in comparison with a book listening control group, 4 days of
meditation training enhanced the ability to sustain attention [8]. If the participants practiced
1 month of IBMT (10 h in total), we found improved efficiency of executive attention, alertness
(sustained attention), and basal cortisol and immune function [3, 22, 23].

We further studied the brain and body mechanisms of IBMT [18]. During and after 5 days of
training, the IBMT group showed significantly better physiological responses, including heart
rate, respiratory amplitude and rate, and skin conductance response than the relaxation
control. In addition, the IBMT group has significant differences in heart rate variability (HRV)
and EEG power during and after training, suggesting greater involvement of the autonomic
nervous system (ANS). Imaging data demonstrated stronger subgenual/ventral ACC activity
in the IBMT group, and ACC theta was correlated with high-frequency HRV, suggesting
control by the ACC over parasympathetic activity. These results indicate that after 5 days of
training, the IBMT group shows better regulation of the ANS through a ventral midline brain
system than does the relaxation group. This altered state probably reflects training in the
coordination of body and mind given in the IBMT, but not in the control group [18]. Other
studies also showed the ACC involvement [3, 4, 24]. Taken together, these evidences suggest
that mindfulness practice is associated with enhanced attention, self-control, and awareness
involving neuroplasticity in the ACC/mPFC, striatum, insula, and other brain areas [3, 4].
These biomarkers can be the target of diagnosis and treatment of ADHD.

Figure 2. Integrated translational model. Mindfulness meditation includes at least three components that interact close‐
ly to constitute a process of enhanced self-regulation: enhanced attention control, improved emotion regulation, and
altered self-awareness that targets the core symptoms of ADHD.
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Children and adolescents with ADHD often receive different formats of mindfulness medita‐
tion (e.g., MYmind program), with either the patients receive training only, or the caregivers
receive concurrent mindfulness training as well [25, 26]. Overall, results are promising and
demonstrate feasibility of mindfulness meditation in ADHD population. However, methodo‐
logical issues pertaining to small samples, a lack of active comparison groups, and short follow-
up periods limit generalizability suggest the need for longitudinal randomized rigorous trials
[25, 26].

Studies in adult ADHD samples also provide promising preliminary support for mindfulness
meditation (e.g., mindful awareness practices). In addition to mindfulness training, some
studies have included mindfulness training as a component also showed the positive results
related to ADHD symptoms (e.g., modified dialectical behavior therapy, mindfulness-based
cognitive therapy). In sum, existing studies support the acceptability and feasibility in child,
adolescent, and adult with ADHD and preliminary effectiveness of mindfulness in the
treatment of ADHD [14]. Future studies are required to address methodological limitations of
these studies.

5. Other factors in ADHD treatment

As one form of ADHD treatment, mindfulness meditation can be subdivided into methods
involving focused attention and those involving open monitoring of present-moment experi‐
ence [3–5]. These two techniques involve different attention and self-control strategies that
may help ameliorate different ADHD symptoms. For example, “attention deficit” means brain
hypoactivity that could not support attention functioning (e.g., sustained attention), whereas
“attention hyperactivity” indicates overactivity that includes impulsivity. Thus, focused
attention and open monitoring mindfulness may sensitize two extremes of attention problems
in clinical practice using mindfulness intervention.

Regarding the ADHD different subtypes in responding to mindfulness intervention, clinical
observations showed that there are differences in the ease of engaging in mindfulness based
on the ADHD subtypes. In general, inattentive subtypes have easier time with quiet sitting
practice and combined or hyperactive types struggle more because of restlessness. The latter
responds more to body movement-based practice over quiet observation. Once engaged in the
mindfulness practices, there also may be differences in outcomes. So far, there has not been
enough research (studies with enough power) to tease out the effects of subtypes.

In addition, many other factors such as cultural differences in clinical strategy and social
support can further complicate ADHD treatment. For instance, at least 9% school-aged
children in the United States have been diagnosed with ADHD and are taking medications
because ADHD is thought as a biological disorder with biological causes and the preferred
treatment is stimulant medications such as Ritalin [27]. However, only less than 1% kids in
France are diagnosed and medicated for ADHD. The drastic difference may due to the fact
that in France, ADHD is viewed as a medical condition that has psychosocial and situational
causes. Therefore, instead of using medications to treat children, French doctors look for the
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underlying social issue that is causing the problematic behavior. The common treatment for
these underlying social context problems is psychotherapy or family counseling. This is a very
different perspective from the American doctors, who tend to attribute all symptoms to a
biological dysfunction such as a chemical imbalance in the child’s brain [27].

6. Future directions

ADHD has often been thought to reflect dysfunction of prefrontal–striatal circuitry, but the
involvement of other circuits has frequently been largely overlooked. Recent systems of
neuroscience-based approaches to brain dysfunction have facilitated the development of
models of ADHD pathophysiology, which include a number of different large-scale resting-
state networks such as prefrontal–striatal, frontoparietal, dorsal attentional, motor, visual, and
default networks. A better understanding of large-scale brain systems in ADHD could greatly
advance our diagnosis and treatment of ADHD [21].

Recent commercial claims suggest that computer-based cognitive training (e.g., working
memory) can remediate ADHD impairments and provide lasting improvement in attention,
impulse control, and other cognitive and social functioning. However, the meta-analysis
indicates that training attention or executive functions did not significantly improve attention
and the targeted executive functions. The future rigorous RCT cognitive training studies may
provide the possibility to improve executive function deficits and benefit ADHD [28]. We term
this type of training as “network training” that exercises certain brain circuits using repeated
cognitive tasks (e.g., working memory). In contrast, mindfulness meditation focuses on
changing brain and body state that can affect many networks; we call it as “state training” [9,
10, 22]. Since network training and state training involve different brain networks, the
combination of these two methods may be more effective [10]. In sum, a holistic approach to
ADHD preventive intervention could be the trend in the field.

It should be noted that although the empirical evidences have shown the promising effects of
mindfulness meditation on attention control, emotion regulation, and impulsivity reduction
in healthy and ADHD populations, future research should consider the use of longitudinal
randomized clinical trial to validate the effectiveness of mindfulness-based intervention for
ADHD [29] and how this intervention could better transfer into school and workplace
environment. If supported by rigorous studies, the practice of mindfulness meditation could
serve as the treatment of clinical disorders and might facilitate the cultivation of a healthy mind
and increased well-being.
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Chapter 14

Therapy for ADHD
Directed Towards Addressing
the Dual Imbalances in Mental
Effort and Reward as Illustrated
in the Mental Effort-Reward
Imbalances Model (MERIM)
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Abstract

In this chapter we describe a clinical model for ADHD: the Mental Effort Reward
Imbalances Model (MERIM). We use this model to explain some of the behaviour
commonly observed in children with ADHD and to guide approaches to treatment.
The MERIM views the behaviour associated with ADHD as an outcome of  two
unfavourable  imbalances:  1.Imbalance  of  the  level  of  mental  effort  required  for
achievement. 2.Imbalance in the level of reward experienced. These imbalances each
contribute to lower levels of achievement and fewer rewarding experiences in ADHD.
This results in a poorer mood with less tolerance for frustration, together with seeking
rewards that do not involve high levels of effort. The concept of ADHD as dual
imbalances in mental effort and reward gives a useful framework for understanding
the behaviour and the strategies that individuals use to compensate and improve their
mood.

Keywords: attention deficit hyperactivity disorder, oppositional defiant disorder,
mental effort reward imbalances model, emotional self regulation, reward deficien‐
cy syndrome
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1. Introduction

In this chapter we describe a clinical model for ADHD: the Mental Effort-Reward Imbalances
Model (MERIM) [1]. We use this model to explain some of the behaviour commonly observed
in children with ADHD and to guide approaches to treatment. The MERIM is a clinical model
which we have found useful for explaining some of the more difficult behaviour observed in
individuals with ADHD. This is particularly valuable for parents and teachers because a better
insight into the reason the behaviour works for the child helps promote understanding and
empathy.

The MERIM views the behaviour associated with ADHD as an outcome of two unfavourable
imbalances:

1. Imbalance of the level of mental effort required for achievement

2. Imbalance in the level of reward experienced

These imbalances each contribute to lower levels of achievement and fewer rewarding
experiences in ADHD. This results in a poorer mood with less tolerance for frustration,
together with seeking rewards that do not involve high levels of effort. The concept of ADHD
as dual imbalances in mental effort and reward gives a useful framework for understanding
the behaviour and the strategies that individuals use to compensate and improve their mood.

This chapter is structured with some clinical descriptions and some sections which outline the
background and evidence. As much of the descriptive information is based on observation, it
cannot be fully referenced. It is therefore up to the readers to draw on their own observations,
experience and intuition for validation.

2. Background

2.1. What is ADHD?

ADHD is a common condition with an estimated population prevalence of between 2.6% and
11% in children [2-5], being higher in boys and younger children. It is also common in adults,
with estimates varying from 2.8% to 4.7% [6-8]. People with ADHD have impaired functioning
due to difficulties with sustaining attention and with controlling impulsive behaviour [9]. They
also often have a high level of physical activity.

There is evidence that individuals with ADHD have functional deficits in the prefrontal cortex,
which is the part of the brain most involved in executive functioning [10]. Executive functions
include working memory, reasoning, planning and resisting distractions [11]. ADHD is also
associated with reduced motivation attributable to deficits in the striatum affecting the
dopamine reward pathway and it may impact on the functioning of the amygdala, which is
associated with the experience of emotions [12, 13]. The stimulant medications used in the
treatment of ADHD increase the levels of the neurotransmitters noradrenaline and dopamine,
and lead to improvement in the executive functioning deficits and the mood [14, 15].
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ADHD is a clinical diagnosis and depends on an individual showing the behavioural features
to a greater extent than would be expected for their age or developmental level and having
associated problems in functioning. The features of ADHD are not specific, also occurring
within the normal population but not with sufficient severity to cause significant impairment.
ADHD typically results in difficulty completing tasks, which leads to underachievement and
a less rewarding existence. A popular misconception is that individuals with ADHD will tend
to be similar in their behaviour. However, within the normal population there is substantial
variation in personality types, skills and abilities. When a diagnosis such as ADHD is super‐
imposed, it adds a further source of variability. ADHD can occur in people of all levels of
intellectual ability. Intellectual ability is one of the most important personal attributes that
modifies the expression of ADHD.

2.1.1. Inattention

People with ADHD have more difficulty than others for tasks that involve sustained attention,
particularly if the task is mentally demanding. Therefore, they would cope better for tasks that
are shorter, easier or have a particular interest that stimulates attention. Individuals with
ADHD may be able to concentrate for prolonged periods of time on electronic games. These
typically do not involve the effort of independent or creative thought and also provide constant
stimulation that catches and keeps the attention.

One characteristic of people with ADHD is that they are easily distracted. This may occur while
they are talking and may lead to forgetting what they were going to say or losing the point
while telling a story. Alternatively, becoming distracted during a task and then forgetting to
go back and get it finished can lead to a person being inefficient and disorganised. People with
ADHD often have difficulty ignoring distractions and this may make them particularly
intolerant to background noise while trying to concentrate. Losing focus on schoolwork may
lead to disruptive behaviour in class as a response to the boredom that comes with having
nothing to do. Lack of attention predisposes to missing instructions and making careless
mistakes. A child with ADHD may have difficulty with age appropriate play, quickly losing
concentration and moving on to the next task or looking around for something more enter‐
taining to relieve boredom.

ADHD is more disabling in children who have learning difficulties. This is because they have
to concentrate longer and harder to acquire the same skills. The more difficult the task is for
them, the more quickly they will fatigue mentally and give up. Conversely, an able child with
ADHD may have no difficulty achieving at school during the early years. However, as the
work becomes more demanding in high school, intellectual ability by itself may no longer be
sufficient; and if they are unable to concentrate in class and study consistently, their grades
may decline. Once a person leaves school, they usually have more opportunity to follow their
interests and strengths and ADHD may therefore be less of a problem. However, lack of
organisational ability may become more disabling when an individual has to contend with the
complexities of functioning in society as an adult.
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2.1.2. Hyperactivity

Hyperactivity is common in ADHD and is the most easily recognised feature. The hyperac‐
tivity often reflects the changing focus of attention as a child moves rapidly from one distrac‐
tion to another. The restless energy may make it difficult to remain seated for any length of
time, increasing the challenge for table-based activities. A child with ADHD may also be
excessively talkative, sometimes apparently talking just for the sake of it and may lack the
patience to stop talking and listen. Hyperactivity tends to diminish with age [16] and although
some adults with ADHD may be still hyperactive, a hyperactive young child may develop into
an underactive, unmotivated adolescent.

2.1.3. Impulsivity

People with ADHD often have quick reactions that occur without having time to stop, think
and make a decision. Impulsivity can have an adverse effect on peer relationships as a child
may unintentionally hurt or offend or repeatedly get into trouble for the same misdemeanour,
such as impulsively calling out in class. Because of the lack of any active decision-making,
these unregulated actions may be considered accidental by the child who may be inclined to
deny responsibility. The lack of impulse control can lead to anxiety and low self-esteem as the
child may suddenly be in trouble without any prior warning or intent.

2.1.4. Oppositional Defiant Disorder (ODD)

ODD is very frequently associated with ADHD. It is a common condition, with a community
sample in the United Kingdom showing a prevalence of 2.2% in children aged 8–19 [2]. Among
children with ADHD, about 38–52% also meet diagnostic thresholds for ODD [2, 17, 18], and
of the remainder many will have symptoms of ODD but not of sufficient severity or consistency
to meet the diagnostic criteria. People with ODD typically overreact with anger in response to
minor frustrations [9]. The lack of control over impulsive behaviour in ADHD becomes even
worse when associated with anger as such children may incorrectly interpret another child’s
actions as hostile [19]. For example, if accidently pushed, a child may automatically react by
hitting. This can make individuals prone to involvement in physical fights and they may show
no fear, even fighting with children who are much older and stronger. Other children may
find this loss of control amusing and may deliberately provoke or bully such a child for a
reaction. ODD is also associated with deliberately annoying people and sometimes with
planned acts of spite. ODD is therefore a risk factor for bullying, either as the perpetrator, or
the victim, or both. Children with ADHD sometimes consider the features of ODD to be an
intrinsic part of their ADHD identity and may view the threat to their peers of their uncon‐
trolled aggression as a source of power or strength rather than a weakness [21]. ODD is also
associated with a negative attitude and a tendency to blame others and deny responsibility,
argue and oppose authority.

2.1.5. Functional impairment in ADHD

The key to diagnosis of ADHD is not simply a matter of expressing the symptoms but, more
importantly, it relates to the consequent impairment in functioning. When assessing the extent
of functional impairment, it is useful to consider the level of achievement in the following
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modalities: academic achievement in relation to ability; peer relationships; ability to function
at home and/or at school without generating unreasonable levels of stress or disruption and
level of self-esteem.

2.2. Why is ADHD different from normal functioning? – The Mental Effort-Reward
Imbalances Model (MERIM)

The most fundamental problem in ADHD is the inability to achieve consistently at a level
appropriate to a person’s ability. The individual would therefore be intellectually capable of
higher achievement and have no physical disability sufficient to explain their level of ach‐
ievement. For normal people, getting through their daily routine involves a constant stream
of tasks that require effort and lead to a series of achievements, most of them small. These
achievements are each associated with the satisfaction of task completion – the feeling of a job
done well – which all help to sustain a stable and amicable mood. Therefore, for example, you
get up in the morning, you put some effort into getting dressed and ready to go. Your
assessment is that you look presentable in your clothes. You have achieved and you feel good
about yourself and ready to put further effort into the next challenge. Achievement therefore
involves some level of effort and is associated with a feeling of satisfaction (reward) which
contributes to a good mood and a readiness to attempt the next task. Good mood is important
for normal functioning and it has been shown that individuals who have a greater tendency
to react with positive emotions have better emotional, psychological and social well-being [22].
They have better physical health and fewer days off work. The cycle of achievement, reward,
good mood and further achievement is represented in Figure 1.

Figure 1. Schematic representation of the achievement and reward sequence

In ADHD the sequential pathway shown in Figure 1 does not work as effectively as it should.
According to the MERIM, there are two places where it can malfunction. The first is if the cost
or effort required to achieve is disproportionately great, as occurs in association with executive
functioning deficits leading to less efficient thought processes in ADHD. The second is if a
person experiences an inadequate level of reward. The MERIM views ODD as a deficit in the
experience of reward, caused by neurochemical underactivity in the reward pathway. The
impact of these two deficits on achievement and reward is illustrated in Figure 2.
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Figure reproduced with permission by Australasian Psychiatry [1]

Figure 2. Mental Effort-Reward Imbalances Model (MERIM)

2.2.1. Inefficient mental processes in ADHD leading to higher cost for achievement

In ADHD, mental processes (executive functions) are less efficient and therefore achievement
requires more mental effort. This is like a runner who has to run uphill. It is not that running
is a task that is too difficult for him, but he will tire more quickly than others who are running
along level ground. He will either keep going but run more slowly, or he will try and run as
fast as the others and then have to stop to rest. It is like this for mental tasks for people with
ADHD. The mental fatigue is genuine and may affect academic functioning, social interactions
and managing the daily routine at home. Children with ADHD often develop various ways
of disguising or adapting to it. Some of these could be considered as ‘taking mental short-cuts’.

2.2.1.1. Schoolwork

A child with ADHD may rush to get work finished within a time span for which he can
concentrate. Alternatively, he may work for a bit and then stop working and appear to
daydream, as if his mind is going blank like a computer on standby. Some just limit their rate
of mental effort to a manageable level by working slowly. This may be disguised by giving too
much attention to neatness and therefore doing very little of the more cognitively demanding
aspects of the work. Creating a distraction may also be an effective work avoidance strategy.
For example, a little girl developed the pattern of turning around and giving her mother a
cuddle whenever she felt under too much pressure to concentrate on her homework. Other
more common avoidance strategies include changing the subject or asking an irrelevant
question.

2.2.1.2. Social interactions

Conversation demands mental effort, both for listening and for thinking and formulating the
sentences required for a response. Children with ADHD often use strategies which conserve
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their mental effort. If a child is asked about who they have played with at school, this involves
the effort of thinking back to an earlier part of the day and it may be easier to respond: ‘I don’t
remember’.

2.2.1.3. Routine tasks

Children with ADHD often have difficulty carrying out instructions, particularly if given
several together. A child may try to look as though he is listening, keeping his eyes on the
speaker but not fully concentrating and therefore unable to follow an explanation or instruc‐
tion. Sometimes a child may only listen to part of a sentence and guess the rest. Remembering
several instructions often involves the effort of repeating them mentally. Rehearsal strategies
and recall may be less efficient in ADHD [23]. If a person is not putting in adequate mental
effort or is distracted by other thoughts, instructions may easily be forgotten.

If a person is achieving less on account of the disproportionate or unsustainable effort they
have to put into completing a task, they will experience less satisfaction. They may be less
ready to put further effort into the next task, with a tendency to give up easily. Inefficient
mental processes therefore contribute to the underachievement associated with ADHD and
consequent low self-esteem. Some individuals attempt to preserve their self-esteem by
reducing their goals in life to a level that is more achievable. This may lead to dropping out of
school into unskilled work or state benefits. This may be framed as a deliberate choice rather
than failure to achieve.

2.2.2. Inadequate experience of reward from achievement leading to symptoms of ODD

Getting pleasure from the little things in life is important as this helps to maintain a good mood
and amicable outlook [24]. However, if the subjective experience of reward is inadequate, a
person is likely to feel negative and dissatisfied. The resultant low mood may lead to lack of
motivation stemming from the perception that tasks are not worth the effort. Alternatively, a
person may compensate by seeking activities that are more highly rewarding or that give
reward for less effort. The dissatisfaction associated with inadequate experience of reward
predisposes to the characteristic behaviour of ODD.

In this chapter, the term ODD is being used to include all the disruptive, impulse control
and  conduct  disorders  (ODD,  intermittent  explosive  disorder,  antisocial  personality
disorder, disruptive mood dysregulation disorder, conduct disorder) [9]. These conditions
are associated with temper outbursts (problems in emotional regulation) and with behav‐
iour  problems  including  rule  breaking  and  antisocial  acts,  with  the  specific  diagnosis
designated according to the main symptoms and the relative balance of the mood versus
the behavioural dysfunction.

Deficits in reward do not only occur in ADHD/ODD but are also associated with other
conditions such as addictions and obesity [25]. These are sometimes termed reward deficiency
syndromes and are characterised by the strategies that people use to compensate for their
inadequate experience of reward [26]. These may include comfort eating, compulsive gam‐
bling, internet or gaming addiction and drug abuse.
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2.3. Relating the MERIM to the DSM and other models of ADHD

A formal diagnosis of ADHD is usually made in accordance with specific diagnostic criteria,
such as those published by the American Psychiatric Association in their Diagnostic and
Statistical Manual of Mental Disorders (DSM), the current edition being DSM-5 [9]. The
diagnosis is based on meeting a sufficient number of the DSM-5 criteria for inattention,
hyperactivity and impulsivity, with associated impairment in functioning. ADHD is classified
as combined type (meets sufficient criteria for inattention and for hyperactivity–impulsivity),
predominantly inattentive ADHD (meets criteria for inattention but not for hyperactivity–
impulsivity), or hyperactive–impulsive ADHD (does not meet criteria for inattention). The
diagnosis of hyperactive–impulsive ADHD tends only to be made in preschool children, who
are at a stage of life in which the lack of ability to sustain concentration may be less evident.
A diagnosis of hyperactive–impulsive ADHD may therefore be revised to ADHD combined-
type as a child matures [27].

Several of the DSM-5 diagnostic criteria for ADHD are outcome-based and relate to lack of
achievement in task completion. These do not dictate the causal mechanism and are therefore
not specific to underachievement due to executive functioning deficits. Children who under‐
achieve due to inadequate experience of reward would also qualify. According to the MERIM,
the dual deficits in executive functioning and reward experience contribute independently to
the lack of achievement associated with ADHD (Figure 2). Because these two mechanisms are
both highly prevalent and are additive in their effects on achievement, most people diagnosed
with ADHD using the DSM are likely to have some degree of deficit in each. This provides an
explanation for the substantial levels of diagnosable ODD among children with DSM-
diagnosed ADHD. The MERIM would therefore consider the negative attitude and outlook
that is frequently associated with ADHD as evidence of some degree of reward deficiency
syndrome contributing to the symptoms of ADHD.

The MERIM is not the only model for ADHD that competes with that described in the DSM.
The MERIM is probably the simplest model as it does not attempt to relate the symptoms of
ADHD to specific testable modalities of executive functioning. Instead, it starts from the
premise that unspecified executive functioning deficits mean that cognition is less efficient in
ADHD and therefore requires more mental effort. It also does not really provide any explan‐
ation for the hyperactivity or the impulsivity. It has similarities with the model put forward
by Douglas, which considers ADHD to be a result of four predispositions: the desire for
immediate gratification, reluctance to invest mental effort, impaired impulse control and
impairment in modulating arousal or alertness [28]. However, although it does not address
arousal and impulse control, in the area of gratification the MERIM goes further than Douglas
in that the desire for reward is explained as being an intrinsic deficit that reduces the individ‐
ual’s subjective experience of reward and interacts with the motivation for mental effort.

Barkley postulated the primary problem in ADHD to be inadequate response inhibition [27].
He gave this as the underlying cause for deficits in executive functions that include working
memory, inner speech and verbal reasoning, analysis of behaviour and also for deficits in
emotional regulation. According to this model, the symptoms of ODD would be explainable
as manifestations of the emotional dysregulation associated with ADHD. Therefore, with
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Barkley’s model there is also no need for any additional diagnosis of ODD. However, although
Barkley’s model includes ODD in the overall symptomatology of ADHD, unlike the MERIM
it does not explain the observation that the main emotional component of ADHD should be
negative.

2.4. Striving for happiness: The balance between adequate reward and manageable effort

According to the MERIM, the clinical presentation of a child with ADHD will vary according
to the severity of the imbalances in the level of mental effort required for achievement and the
level of reward experienced. The particular clinical problems depend partly on the behavioural
outcomes resulting from the underlying neurochemical deficits and partly on the strategies an
individual develops to compensate and cope with these deficits.

People who have deficits in their experience of reward may feel miserable and moody.
However, many develop strategies that make their life more rewarding and result in improv‐
ing their mood and feeling happier. The particular strategies depend partly on the relative
balance of deficits in executive functioning and reward experience and also on a person’s
intellectual strengths and weaknesses. Symptoms of reward deficit include arguing, deliber‐
ately annoying people and being spiteful or vindictive. Although these strategies might not
initially appear to be obviously rewarding, there are study data that suggest otherwise. A study
of adolescents with aggressive conduct disorder found that they showed an atypical response
when observing inflicted pain, with activation in areas of the brain associated with pleasure
[29]. Clinical observations also provide intuitive support: why would a child be deliberately
spiteful if this were not pleasurable in some way? Humans are a social species and even more
fundamental than communicating with language is communication that involves influencing
and manipulating others’ emotions. This can be done in a positive way, for example, telling a
good joke that makes people laugh or giving someone a pleasant surprise that makes them
happy. However, positive experiences can be difficult to organise and it is often easier to hurt
or upset someone. Parents sometimes say that their child with ADHD will argue that black is
white. This implies that arguing may not be a rational debate but rather an end in itself.
Perceptive parents may observe that their child would start out in an angry mood but after a
prolonged argument that frustrates or even hurts and upsets the parent, the child’s mood may
have improved. Therefore, the strategy works for the child, but clearly not for the parent.
Winning is also a rewarding experience and older teenagers or adults may actively look for
opportunities for starting an argument that they think they can win. Alternatively, children
may become skilled at annoying or upsetting other family members, or playing one parent off
against the other, and then quietly smiling at the resulting chaos. Children with less sophisti‐
cation may simply resort to unprovoked physical violence when they feel irritable. Eliciting a
negative social response by being deliberately difficult may therefore be an effective strategy
that compensates for deficits in the subjective experience of reward. In the present context, any
such activity that is carried out with the intention of causing pain or distress to another person
has been classified as bullying. Therefore, a child may bully a parent or a teacher. The positive
impact of bullying on mood is shown in Figure 3.
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Figure 3. Oppositional behaviour that compensates for lack of reward

Although the behaviour that is typically associated with ODD may be effective for compen‐
sating for deficits in reward experience, there are other strategies that can also enhance reward.
Figure 4 shows a range of tasks, strategies and achievements that vary in the amount of effort
they require and the level of reward experienced. For individuals with the most severe deficits
in executive functioning and reward, the level of reward has to be particularly high in relation
to the level of effort to make the activity worthwhile.
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Intellectual capacity and tenacity determine an individual’s capability for achievement.
Individuals with severe ADHD, ODD and intellectual disability may find that going to the
toilet for defecation is not sufficiently rewarding to be worth the effort [30]. An individual may
indulge in self-stimulation as this provides reward and is not mentally demanding. Eating is
also easy and rewarding, which may explain the recognised association of ODD with obesity
[31, 32]. Individuals with ODD are particularly susceptible to addictions to substances such as
nicotine or illicit drugs [33, 34]. Conversely, resisting impulses requires substantial effort and
is not particularly rewarding. An aggressive and irritable child may therefore have no
meaningful incentive for putting effort into foregoing the satisfaction of hitting a sibling.

Having a higher level of intellectual ability opens the possibility for higher levels of achieve‐
ment. Within the broad categories of chores, schoolwork and social interactions, different
activities will vary in their level of interest and difficulty for the individual, with some chores
and schoolwork being experienced as less arduous and more rewarding than others. The level
of effort required for social interaction is often underestimated. Children generally demand a
high level of attention from their friends, and even though play and conversation are reward‐
ing, a child with ADHD may find the intensity of the mental effort unsustainable. The child
may consequently withdraw to a less demanding pastime, perhaps playing alongside their
friend. A child may find relaxation from a low-level, repetitive activity, which can lead to an
incorrect diagnostic label of autism spectrum disorder. Alternatively, a child with ADHD may
be more comfortable playing with a younger or less intellectually demanding child, or an older
child who can make allowances or entertain.

Some individuals with reward deficit may be intensely competitive, striving for the high
rewards that accompany high achievement. Those who are intellectually able may appear
‘driven’ to exceptional achievement, combating their general dissatisfaction by striving for
higher levels of reward. Failure may lead to hostility and antagonism towards those who are
more successful. In other words, after not managing exceptional achievement, their reward
deficit may be addressed by the less exacting activity of bullying. Some children use compe‐
tition to maintain motivation during play by making every activity into a win–lose situation.
Such children may be unable to tolerate losing. However, being competitive may be used
adaptively to enhance the reward associated with routine tasks or chores, for example, a child
trying to break their record for how quickly they can get dressed.

With the exception of addiction, the higher rewards depend for their value on social recogni‐
tion or an emotional response from one or more other people. Even exceptional achievement
needs a social frame of reference in order to designate its value. The higher rewards associated
with more positive achievements tend to require higher levels of effort and aptitude. By
contrast, negative behaviour such as bullying has a high balance of reward for the mental effort
and is therefore easier for those who are less able. However, the rewards that are associated
with low levels of effort and achievement may be associated with low self-esteem. This could
negate some of the reward experienced from activities such as bullying. Attributing blame to
the victim may reduce this negative effect on the bully’s self-esteem[19].

The above figure and paragraphs classify a range pastimes and achievements with a model
that assigns to each a comparative level of effort and reward. This model predicts the strategies
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and behaviours that are likely to characterise deficient internal reward processes. It is impor‐
tant to recognise the function that such behaviours serve for the individual in generating the
sense of satisfaction that they crave. An individual’s prevailing mood gives a measure of the
success of their strategies for achieving adequate reward within a manageable level of effort.

3. Management

Management of ADHD may involve medication, non-pharmacological treatment or a combi‐
nation of both.

3.1. Non-pharmacological management of ADHD

Non-pharmacological approaches to management usually focus on the areas of functioning
which are causing the most problems. This may involve additional learning support or other
assistance related to the executive functioning deficits, such as help with organisation.
However, the main emphasis is usually on behaviour management strategies. The conven‐
tional behavioural strategies used in ADHD are not specific for this condition, but aim to take
good parenting and good classroom management to a higher level. Therefore, strategies may
be applied to the whole family or to the entire class or even the whole school. An additional
but less well utilised modality of non-pharmacological management targets the emotional
issues. We suggest a larger role for emotional self-regulation as a means of promoting and
maintaining a positive mood and outlook in ADHD.

3.1.1. Addressing the imbalance of the level of mental effort required for achievement

3.1.1.1. Additional learning support

This is designed to address specific problems exacerbated by the executive functioning deficits,
for example, additional support with reading, so that this skill becomes easier and accom‐
plished with a more manageable level of effort. Reading is a complex skill that involves several
components. Each component requires attention. Therefore, the individual has to recognise
the letters, relate them to their sounds and blend the sounds together to decipher the word.
The words then have to be remembered so that the sentences can be derived. The sentences
have to be understood and their meaning remembered long enough to make sense of the
passage. The main reward of the task is in the interest from the information contained in the
passage.

When a child is learning to read, the process is slow and laborious and the reward from the
information may be lost unless the sentence is very simple. With practice, the child starts to
recognise common words without having to sound out each one individually and reading
becomes easier and more fluent. This allows more attention to be focussed on the meaning.
The information is received at a faster rate and the balance of effort to reward improves. As
reading becomes more rewarding, the child may start to read books for pleasure and thereby
further practice and develop their skills.
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If a child has ADHD, their attention span for concentrating will be less than other children.
The learning process may be more laborious and the child may be inclined to give up easily.
It may be harder for the child with ADHD to attend to the meaning while simultaneously
deciphering the individual words, which reduces the interest of the task for the child. At this
stage, additional one-to-one teaching may accelerate the rate at which the child develops
reading fluency. As reading is a prerequisite for success in almost every area of schooling,
good skills that enable a child to read without putting all their attention and effort into the
process will be beneficial in all areas of academic learning.

3.1.1.2. Modifying the tasks and expectations

A child with ADHD is likely to need a higher level of parent or teacher attention and the tasks
may need to be modified to make them achievable. Management often involves looking at the
particular problems to find modifications that may make the required tasks more manageable
within a child’s limited attention span. Such strategies may include keeping tasks short and
varied and moving on to a new topic before boredom sets in. Instructions need to be easily
understood and repeated if necessary, perhaps with a written task list. A child with ADHD
may need to be reminded to remain on task. Breaks may be factored in, such as sending the
child out on an errand.

3.1.1.3. Teaching organisational strategies

Organisational skills can also be taught. These can include strategies to keep track of home‐
work, including structuring the tasks, using checklists and long-term planning of tasks with
their completion dates [20, 35].

3.1.2. Addressing the imbalance in the level of reward experienced: increasing the external rewards with
conventional behaviour management

Behaviour management strategies are generally used by the parent or teacher and are designed
to make favourable behaviour more rewarding and negative behaviour less rewarding for the
child. These strategies usually involve a combination of rewarding desired behaviour and
negative consequences for behaviour that is being discouraged. They depend on the individual
being able to evaluate in advance the consequences of their behaviour. The particulars of the
behavioural strategies have to be carefully thought out.

Conventional behaviour management has the drawbacks that because the rewards and
consequences are external and often tied to particular tasks and situations, they may not carry
over to other tasks and settings. Conventional behavioural strategies often use emotional
rewards, with the parent or teacher praising the child and showing delight if the child has
achieved or put considerable effort into the task. The child may respond by trying harder in
order to gain the satisfaction of making another person happy. Therefore, it is frequently
observed that a child will work better for a teacher who cares and takes more interest in him,
but works less well following a change of teacher. The long-term aim of behaviour manage‐
ment is that the behavioural change should become generalised as the child matures [36].
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A review evaluating psychological interventions has demonstrated sufficient evidence to
consider behaviour management to be an established and effective intervention for ADHD,
either when administered by the parent following training or when used in the classroom [36].

In order for behaviour management to be effective, a number of prerequisites must be met.

1. The child must be capable of carrying out the target behaviour.

This means that the goals should be realistic. It is important that goals are not too difficult such
that the child gives up. Targeting small, manageable tasks is often the more effective approach.
In children with a lot of behaviour that is perceived as problematic, goals need to be prioritised.
For example, if a child regularly refuses to do any homework, rewarding the child for
concentrating for 5 minutes and writing a single sentence and gradually working up to
completing their entire half hour of homework may be more successful than choosing
homework completion as the initial goal.

2. The child must understand the rewards and consequences and be able to relate these
to their behaviour.

The child needs to have sufficient capacity to be able to comprehend that there will be
consequences. The child also has to make an emotional connection with the consequences. It
has been shown that children with ADHD may choose immediate small rewards over larger,
delayed rewards [37]. The relevance of this to the clinical setting is that children with ADHD
may appear to ‘live for the moment’. The child may at be able to recite the consequences for a
particular misdemeanour; but at the moment of making a decision, the consequences appear
to have little relevance to the child. Afterwards, the child may show no interest in the reason
for their punishment, experiencing it only as a frustration. It may not be that the child is
intellectually incapable of understanding the connection between an activity and its conse‐
quence, but that what is important or relevant to the child is the present.

3. The rewards and consequences need to be meaningful and appropriate.

Rewards and consequences should be chosen carefully. A child might be rewarded with time
to play on a computer; a meaningful punishment might be taking away the child’s favourite
toy or game. Rewards and punishments that are small and repeatable are often more effective
than larger ones. For example, if a parent is very angry with a child, there may be a temptation
to extend the duration of the punishment, perhaps taking away the favourite toy or banning
the child from watching television for a week. If the child subsequently misbehaves during
that week, the parent has lost one valuable option for punishment. Alternatively, if the
punishment is milder, for example, the child is prevented from watching just one show, or
loses their game for only five or ten minutes, the same punishment can be repeated as often
as necessary. Prolonged punishment with restoration of the item made dependent on good
behaviour may be even less effective. To a child with ADHD, a week may be such a long time
that they consider the item lost forever; furthermore, it may be unrealistic to expect the child
to behave well for a whole week. Withdrawal of attention from a child who has misbehaved
can also be effective.
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4. The strategies should be applied consistently.

Effective behaviour management requires consistent effort from the parent or teacher. If there
is any leeway a child may become skilful in picking the time when they can get away with
breaking a rule.

5. The child must choose to co-operate.

Co-operation is likely to depend on the child’s own assessment of the balance of effort to
reward. If the effort required is disproportionate due to the executive functioning deficits
associated with ADHD, the child may insist on a reward that appears similarly dispropor‐
tionate. For example, a small reward, such as adding a sticker to a chart for every task
completed, may work for a few days until the child realises that the stickers are not worth the
effort. At that stage, in order for the behaviour management to continue to be effective, a higher
reward may be negotiated. This cycle may continue until the child will not even consider doing
any homework unless rewarded with a very substantial sum of money. Alternatively, the child
may perceive that he or she will experience greater satisfaction through non-co-operation.
Figure 4 categorises bullying – behaviour designed to upset or hurt another person – as being
more rewarding than schoolwork. Therefore, if a child can derive an alternative to co-operation
that causes pain, this may appear an attractive option. If the child perceives that the parent or
teacher is emotionally committed to their co-operation and genuinely wants to see the child
carry out the task, this may provide an opportunity for bullying. This might take the form of
deliberately destroying their work, for example, by scribbling on the page. Observing the
resultant surprise, anger or frustration may be immensely satisfying for the child. Another
very common strategy for non-co-operation is arguing. This may be a delaying tactic and a
parent may be baffled that their child may spend twenty minutes and considerable effort
arguing over ten minutes of homework, which ultimately still has to be done. To the child
arguing may serve several purposes. Firstly, time spent arguing may be considered time well-
spent because the homework is not actually being done. Secondly, the child may be negotiating
a better deal, such as a higher reward or a reward in advance of the task. Winning such a
concession would also be rewarding in itself (Figure 4). Thirdly, the child may be bullying the
parent, enjoying the effect of the argument on their parent’s emotions, for example, observing
an increasing level of frustration or anger. It is important for adults to understand the value
that a child may place on observing an emotional response. Withdrawing from the child to
calm down may minimise the reward the child experiences for their negative behaviour.

3.1.3. Emotional self-regulation

Emotional self-regulation with the aim of improving the mood fits in with the logic of the
MERIM because reward deficit resulting in a less positive mood is considered an intrinsic part
of the symptomatology of the majority of individuals with ADHD. Although strategies that
can lead to a higher level of task completion have merit, an important additional outcome is
the effect on mood. Therefore, for example, if a child completes homework under protest and
with the sole aim of gaining a tangible external reward, perhaps perceived as a bribe, this might
be considered an acceptable outcome as the work is done. However, if the attitude towards
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the work is poor, it is likely that the child will complete it to the lowest acceptable standard.
Therefore, an important additional aim would be to teach the child to value their work and
gain internal reward in the satisfaction of a job done well. In other words, the positive aspects
of the task that has been undertaken would be used to enhance the mood. Emotional self-
regulation could supplement conventional behaviour management based on rewards and
punishment, but places less emphasis on targeting particular behaviour, instead focusing on
generating a positive mood through achievement. The main aim of this approach is to enhance
achievement by promoting the cycle of achievement leading to a feeling of satisfaction, a
happier mood and a readiness to take on the next challenge to achieve. Although not directly
addressing the reward mechanisms, we have also included in this section anger management
strategies.

3.1.3.1. Potentiating the internal reward mechanisms for a positive mood

Individuals  may use  a  number  of  strategies  which regulate  their  emotions.  These  strat‐
egies are not simply learned in childhood and adolescence but continue to develop, usually
in a positive way, over the course of adult life [38]. Self-regulation strategies may be helpful
as a long-term intervention for generating and maintaining positive emotions. For exam‐
ple, an intervention study of meditation (Loving Kindness Meditation) found that 35% of
participants  continued to derive positive emotional  benefit  from meditation a  year  after
ceasing therapy [39].

Unlike conventional behaviour management, emotional self-regulation aiming to promote
positive emotions has a theoretical advantage that its techniques directly address the effects
of the underlying reward deficit. Furthermore, it can be applied to all aspects of daily life, and
once taught and adopted, it does not rely on any outside sources for reward as individuals
evaluate and provide their own reinforcement for their positive behaviour, developing
strategies for sustaining their mood and self-esteem. The long-term goal would be for the
individual to become independent in using the techniques of emotional self-regulation. This
might happen if the individual notices that these strategies are worthwhile because they make
him or her feel better. Because the individual has the control, self-regulation in relation to mood
promotes individual responsibility and independence.

Positive rumination

Rumination involves repetitive thoughts that can influence an individual’s emotional state.
Rumination is conventionally considered to be negative in both the content of the ruminant
thoughts and the emotional outcome as it focuses on the causes and symptoms of distress
without seeking any solution to the perceived problems [40]. Negative rumination not only
exacerbates depression and anxiety but is also a risk factor for a range of mental health
problems, including aggressive behaviour in boys [41]. However, we suggest that spending
time reflecting on a positive achievement could increase the level of enjoyment or satisfaction
obtained. We have termed this positive rumination. We suggest that positive rumination may
be a strategy used by healthy individuals that helps them to sustain a positive, stable mood
and amicable outlook. It is a cognitive process that would involve some mental effort and
therefore may come less easily to individuals with ADHD. It also depends on a person being
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able to recognise their emotions, which can be a problem in ADHD [42]. Therefore, positive
rumination may need to be specifically taught and practised in order for a person with ADHD
to be able to use it effectively and understand and recognise its value.

There is evidence that frequent small, positive emotional boosts are associated with enhanced
physical and mental well-being [24]. Positive rumination might provide this, but to be a
workable strategy it would depend on the individual taking time to consider the good points
about a piece of work or an activity and then reflecting on the sense of satisfaction that is
generated. For example, after doing a piece of work, even if the work is not perfect, some
positive attributes may be identified. These could initially be pointed out by the parent or
teacher, but ultimately the individual would be encouraged to identify for themselves the value
in their work. Times of reflection may also be built into the daily routine, for example, at
bedtime thinking of the positive and enjoyable experiences and achievements of the day. These
might include some of the following pleasant activities that are often associated with positive
emotions: being helpful, interactions with others, playing, learning, exercise and spiritual
activities [24]. In positive rumination, the individual has to be able to pause and reflect and
have awareness of their mood, together with mood changes following on from their positive
reflection.

Positive re-appraisal

In therapeutic settings, emotional self-regulation has tended to be directed towards dealing
with negative emotions, for example, in anxiety, depression and anger [43]. However, a more
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tive. [43]. Positive re-appraisal involves redefining an adverse event in terms of any possible
positive aspects [38]. Initially, the parent or teacher would need to assist the child, perhaps
with a response such as: ‘Although you lost your temper, you only hit him once, you calmed
down quickly and you’ve learned that you should avoid him in future’. With time, the child
may learn to practise positive re-appraisal. If the child’s mood and self-esteem can so be
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feel better.

3.1.3.2. Anger management

The symptoms of ODD might indicate a valuable role for anger management techniques.
Strategies that have been used successfully for anger management include emotion recogni‐
tion, problem solving, cognitive re-appraisal and relaxation with controlled breathing [44].
Recognition of emotion involves developing an awareness of symptoms associated with
physiological arousal, such as feeling hot and having a pounding heart. Cognitive re-appraisal
is designed to counteract an aggressive individual’s tendency to respond with anger or blame
if they have difficulty interpreting another person’s actions [19]. The tendency to blame or to
attribute hostility to another person in ambiguous situations may be used to justify aggression
and can be associated with poor problem solving skills [45]. Therapy may emphasise thinking
of non-personal reasons to explain another’s behaviour instead of taking offense (for example:
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‘she must be having a bad day’) and also looking for positives in a social situation. Learning
to delay responding impulsively while feeling angry or thinking of alternative responses may
also be valuable, perhaps by using ‘self-instructions’, which may be rehearsed and practised
[45]. Strategies for managing the arousal include firstly avoiding or moving away from the
stimulus and then calming the physiological changes. This may be achieved by controlled
breathing, concentrating on taking a deep breath and self-instructions such as ‘calm down’ or
‘relax’ during expiration, also imagining reducing the body temperature and heartbeat [45].
Large muscle exercise and relaxation may be beneficial for hyperactive impulsive children [46].

Self-regulation with the aim of promoting good mood would appear to be a logical and
promising new approach that is worthy of consideration. If  these strategies can be used
effectively by people with ADHD, they could lead to improvements in mood, functioning
and self-esteem, which would not be linked to specific tasks and situations.  The lack of
study of emotional regulation in ADHD does not necessarily mean that such strategies are
not being used therapeutically and effectively. However, efficacy still needs to be establish‐
ed with further research.

3.2. Pharmacological management of ADHD

The aim of treatment of ADHD is to achieve normal functioning. Non-pharmacological
interventions can be successful, but the individual may still have ongoing problems associated
with the underlying deficits of ADHD. Therefore, they would still experience mental fatigue
with tasks that require sustained concentration. The tendency to act quickly and impulsively
without the opportunity for adequate decision-making can greatly reduce the efficacy of
behavioural management strategies. This is because behaviour management depends on the
child being in a position to make a rational decision based on the pre-determined consequen‐
ces. Furthermore, the low mood that is associated with reward deficit will tend to reduce the
inclination to co-operate. Children who have significant functional impairment due to ADHD
are sometimes identifiable as those who do not respond to the management strategies that
work well for their siblings or peers. Drug treatment can improve the deficits in executive
functioning and reward.

The  medical  formulations  used  most  frequently  in  ADHD are  based  on  the  stimulants
dexamphetamine and methylphenidate. These enhance the levels of neurotransmitters and
address the underlying neurochemical deficits. They result in improvements in cognitive
functioning which increase as the dose is increased [47]. They also improve the mood and
behaviour,  which  may  be  an  effect  of  enhancing  the  activity  of  the  dopamine  reward
pathway. In clinical settings, the dose is established not by the child’s weight but by titration
for  optimal  therapeutic  effect  [48].  The  non-stimulant  atomoxetine  is  also  an  effective
treatment for ADHD [49].

3.2.1. Mechanism of action of the stimulants

Methylphenidate and dexamphetamine increase the synaptic levels of dopamine and nora‐
drenalin in the prefrontal cortex and in sub-cortical structures including the striatum and
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nucleus accumbens (a part of the brain involved with appetite control). Dopamine and
noradrenalin are neurotransmitters which are released into synaptic clefts and transmit
impulses between nerve cells. Higher concentrations may assist with neurotransmission. The
stimulants potentiate neurotransmission by three different mechanisms: enhancing neuro‐
transmitter release, blocking reuptake by binding with the transporters and by direct stimu‐
lation of the receptors [50]. The actions of the stimulants on the different neurotransmitter
systems depend on the amount of neurotransmitter and the affinities of the neurotransmitter
receptors and transporters in the different regions of the brain [51]. The striatum is rich in
dopamine; and although the dopamine transporter has high affinity for dopamine, it will also
bind with noradrenalin. Conversely, noradrenalin is the principal neurotransmitter in the
prefrontal cortex where it is taken up by the noradrenalin transporter. Dopamine is also present
in the prefrontal cortex but at low levels and is taken up by the noradrenalin transporter, to
which it binds with low affinity Dexamphetamine and methylphenidate are both highly
effective for reducing the reuptake of dopamine and noradrenalin, but dexamphetamine also
enhances the release of stored dopamine and increases serotonin levels [52].

3.2.2. Clinical effects of the stimulants

The beneficial effect of stimulant medications for improving the functioning of children with
ADHD was first recognised in the 1930s [53]. The stimulant medications dexamphetamine and
methylphenidate have the effect of reducing the level of physical activity and enhancing the
ability for sustained attention. They also suppress the appetite [54]. The efficacy of the
stimulants for treating the symptoms of ADHD has been well established in placebo controlled
trials [48, 55]. In the Multimodal Treatment study of ADHD (MTA Study), it was shown that
for the core features of ADHD (inattention, hyperactivity and impulsivity), stimulant medi‐
cation was more effective than behaviour therapy [18]. Behaviour management was better for
comorbid conditions including ODD. Children treated only with stimulant medication
required higher doses for optimal improvement than those randomised to a combination of
medication and behaviour therapy, suggesting an interaction between behavioural strategies
and medication, with differential effects on the different symptom types. The stimulants have
been shown to be effective in reducing the symptoms of ADHD in pre-schoolers [56], school-
aged children [18], adolescents [55] and adults [57].

Clinical trials treating children with ADHD plus ODD have shown symptomatic improvement
on medication for both of these conditions, but children with clinically significant symptoms
of ODD required higher doses [55, 58, 59]. This suggests that different types of symptoms
respond to different doses of medication. Evidence of two distinct pharmacological effects,
each with its own therapeutic window, comes from the work of Sprague and Sleator [60]. They
treated children with ADHD on two doses of methylphenidate and found that on the lower
dose there was more improvement in learning, suggesting that this dose was targeting
executive functioning. The higher dose was associated with greater improvements in social
behaviour, but was less good for learning and may therefore have been treating the difficult,
negative and hostile behaviour associated with ODD. This suggests that the stimulant effects
for improving the deficits in executive functioning and reward are pharmacologically distinct,
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with different therapeutic windows that do not precisely coincide, reward deficit requiring
higher doses for optimal treatment.

The main ongoing concern about the therapeutic use of stimulant medication in ADHD is the
risk of abuse and diversion. Although methylphenidate is similar to cocaine in its affinity for
the dopamine receptor, the addictive effect is the euphoria and this depends on a rapid rate of
binding of the drug with the receptor [61]. Methylphenidate, particularly when taken orally,
binds much more slowly than cocaine, which explains its far lower abuse potential. Atomox‐
etine is also used for treating ADHD. It is not a stimulant; it selectively inhibits noradrenalin
reuptake and has minimal dopaminergic effect. It therefore lacks the abuse potential of the
stimulants. It is also longer acting than the stimulants, giving a more consistent effect over the
course of the day. However, the time taken for the levels to stabilise makes accurate dose
titration more difficult.

Aside from their abuse potential, the most significant side effect of stimulant medication is the
effect on appetite and weight, with a secondary effect on growth [62, 63]. It is as if the stimulant
resets the appetite at a lower level. This results in initial weight loss. If a child remains on
stimulant medication, the appetite recovers and weight gain resumes. After a year of treatment,
the weight is usually approximately the same as it was at the time that medication was started.
Appetite suppression appears to correlate closely with the therapeutic effect and a dose that
does not affect weight is likely to be too low to be effective. Because weight gain is important
for providing the resources necessary for growth in height, there is slowing of the height
velocity, which gradually normalises over two to three years. Adult height appears not to be
significantly affected by stimulant treatment, but there is some evidence that puberty may
progress more slowly, with a later growth spurt [64, 65]. Stimulant medication also increases
the heart rate and blood pressure [66]. Stimulant medications can also cause insomnia,
irritability and feelings of sadness [67].

3.2.3. Practical issues of pharmacological treatment

The above section indicates that the actions of the stimulants are complex, that they have
different effects in different parts of the brain and that the optimal doses for different aspects
of functioning may not coincide. The dose–response curves for cognitive functioning and for
mood and behaviour might look like Figure 5. This figure illustrates that the dose can be titrated
to maximise either effect, but not both together. Alternatively, the dose giving the best overall
effect might fall somewhere between the two peaks. Even if one effect is targeted, the selected
dose may still lead to some improvements in the other effect. For example, a child with severe
symptoms of ODD may function best on a relatively high dose of medication. Although this
dose may be higher than his optimal dose for executive functioning, he may still concentrate
substantially better than he would if unmedicated. This is likely to be related to some im‐
provement in his executive functioning on the selected dose and also because his attitude
towards cognitive tasks may be better when the deficits in his dopamine neurotransmission
are addressed.
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Figure 5. Hypothetical dose–response curves for the improvements in executive functioning and behaviour on stimu‐
lant medication

As children mature, they tend to improve in their behaviour [16]. They also outgrow their dose
as they gain weight. Therefore, a dose initially selected for optimal improvement in the
symptoms of ODD may, with time, gradually progress into a dose that is better for maximising
the executive functioning deficits as the drug levels decline with the growth of the child.

The most important aspect of pharmacological management is to find the dose that works best
for the individual. Careful dose titration while monitoring the changes in cognitive functioning
and behaviour on medication and adjusting the dose to target those symptoms that are most
impairing can be very effective. This is usually done by starting at a low dose and gradually
increasing the dose while observing the changes in functioning. Behavioural rating scales may
assist with comparing effects of different doses of medication. It is important that the rating
scale includes items relating to cognitive functioning and to mood and behaviour, for example
[68]. Dose titration and its effects are illustrated in Figure 6. Because the reward mechanisms
also affect appetite control, the improvement in mood and behaviour correlates with weight
loss. However, the dopamine reward pathway is only one of a series of mechanisms that affect
energy balance and these other systems become activated as the weight drops, increasing the
appetite and limiting further weight loss. [69]
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The stimulant medications dexamphetamine and methylphenidate are short-acting, with an
effect that lasts around 3–4 hours. In children who have significant hyperactivity or opposi‐
tional symptoms, the effect is usually obvious within 30 minutes of taking the dose. In children
who only have inattention, the effect may be more subtle. As the effect wears off there may be
rebound, with irritability and worsening of symptoms. The therapeutic effect may be pro‐
longed by using formulations that release medication slowly over several hours. These may
also wear off more slowly, reducing the rebound associated with rapidly falling levels. Because
the stimulants can cause difficulty with settling to sleep at night, medication is often targeted
to be effective earlier in the day while the child is at school, wearing off into the evening.
Although the short duration of action of the stimulants can be inconvenient, it has the
advantage that it allows a constant comparison of the child’s functioning on and off medica‐
tion. It is important to monitor the therapeutic effect and make dose adjustments whenever
necessary as the dose usually needs to be increased periodically as the child grows.

3.2.4. Changes in treatment requirements with maturity

As children mature, they usually develop more control over their behaviour and this may
reduce their reliance on medication. For example, a young hyperactive child may generate so
much stress in the family that he or she may need medication every day. As the child matures,
the hyperactivity may start to settle and medication may only be needed for school. The school
years are often the most difficult stage of life for the individual with ADHD. This is because
schoolwork involves prolonged periods of concentration and many of the tasks may not be
intrinsically interesting. Once a person is no longer studying, they may be able to cease
medication.

Although executive functioning deficits generally persist into adult life, with maturity
individuals often become better at developing strategies to help them to function. However,
some have ongoing problems with irritability and anger. An understanding of the reward
deficit associated with ADHD may encourage such people to practise emotional self-regulation
strategies to help promote a better mood and more rewarding existence.

4. Directions for research

The main novel approach to treatment suggested in this chapter is the recommendation for
strategies designed to enhance the positive emotional experiences in everyday life for indi‐
viduals with ADHD. These would clearly need to be evaluated with randomised controlled
studies that include a plausible comparison treatment. In young children, behaviour manage‐
ment strategies are generally taught to the parents who then implement them with the child.
Therefore, groups of parents could be taught conventional behaviour management using
external rewards and punishments or strategies designed to promote positive emotions in the
child through their achievement. Outcomes would be assessed using standardised rating
scales relating not only to achievement in terms of task completion but also any positive effects
on mood. In older children and adults with ADHD, particularly those with anger or opposi‐
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tional features, there would be value in comparing anger management strategies that are
intended to give more control over negative emotions, with strategies designed to enhance the
positive experience of reward. Outcomes could be evaluated with standardised rating scales,
both self-reported and observer-reported.

5. Conclusions

In this chapter we have described the MERIM, a new way of conceptualising ADHD that
emphasises the importance of mood in the overall symptomatology. This naturally leads on
to strategies specifically aiming to enhance a person’s experience of reward in order to sustain
a stable and amicable mood. Although medication can directly address the neurochemical
deficits, self-regulation strategies may play a valuable role in enhancing reward, leading to
long-term improvements in behavioural functioning.
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Abstract

Although there are very effective treatment approaches for ADHD available, the clini‐
cal management has its limits and a search for new treatment modalities is useful.
rTMS found its use in neurology and is widely applied in psychiatric research and al‐
though its effect seems mild, it can be specific to some extend. The text reviews cur‐
rent knowledge on the neurobiology of ADHD symptoms with regard to a possible
rTMS treatment. The basics of the rTMS method are described. The use of rTMS is
summarized both generally in psychiatric disorders and specifically in ADHD. The
safety issues are discussed both in adults and children. The text also brings a case
study where rTMS was applied in an adult patient with ADHD.

Keywords: ADHD, rTMS, neurobiology

1. Introduction

1.1. Limits of current treatments for ADHD

Although the current treatment approaches in ADHD are highly supported by research and
are very effective, they are not suitable for all patients in need for treatment. Medications used
in clinical practice are generally well tolerated; however, they have some safety issues.
Cardiovascular effects are the most important of them. Both stimulants and atomoxetine
increase heart rate and blood pressure and for some patients it prevents their use. Treatment
with stimulants belongs to the most effective within psychiatry. Almost all guidelines
recommend stimulants as first-line treatment. However, 20–35% of children and adolescents
in clinical trials may have an inadequate response to initial stimulant treatment either due to
insufficient efficacy or non-adherence [1]. The response rate in atomoxetine is even lower, with
40% of patients without significant improvement [2]. In adults, the response rates for methyl‐

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.



phenidate are around 50% [3]. The long-time studies in adults with ADHD show high rates of
non-adherence to medications. Only about half of the patients remain in treatment after two
years [4]. As for the psychosocial treatment, the evidence-based efficacy remains unclear,
although psychosocial treatments can have some positive impact for children with ADHD
beyond the impact of pharmacologic treatment alone. The quality of studies aimed at psycho‐
social interventions is insufficient, although it improves continuously [5].

Therefore, although specific pharmacotherapies for ADHD exist, they are not always available
or suitable for all individuals. Moreover, as for the effect on specific symptom clusters, such
as impulsivity, inconsistent data exist with both positive and negative effect of stimulants [6].
Even more, there are other issues, such as parents‘ non-acceptance of pharmacological
treatment, that limit the benefit from pharmacological treatment. The need for novel treatment
approaches is clear. Repetitive transcranial magnetic stimulation (rTMS), one of the most
recent treatment approaches in psychiatry, allows selective neuromodulation of regions
involved in the functional neuroanatomy of individual symptomatic profiles.

1.2. Functional neuroanatomy of ADHD symptoms

Although there exist unifying theories on the nature of symptom clusters in ADHD, the
evidence on unequal expression of individual symptoms across clinical samples suggests that
at least some symptom clusters are based on distinct neurobiology. This notion is demonstrat‐
ed by a multivariate analysis of the results of testing of a large sample of ADHD subjects using
cognitive battery that focused on cognitive control, reward- and time-processing that showed
that these domains form distinct components, and that 80 % of subjects who had a deficit were
deficient on only one component [7]. Dysfunctions in these cognitive domains may manifest
in distinct symptom profiles in ADHD, i.e. inattention, impulsivity, and hyperactivity. Below,
we summarize their functional neuroanatomy to evaluate the potential targets for rTMS
treatment.

1.2.1. Impulsivity

Impulsivity is a clinically important feature that accompanies many neuropsychiatric disor‐
ders, including ADHD, and constitutes a significant risk for their development, and compli‐
cates their course and treatment. In contrast to its frequent manifestation and significant
impact, relatively little is known about its neurobiology, and, more importantly, there is no
effective specific treatment available at present, except for behavioral modification. This
situation may result from inadequate definition of impulsive behaviour with insufficient
discrimination between phenomenologically similar, but neurobiologically different, process‐
es.

Indeed, impulsivity is a heterogeneous concept which manifests in many ways, such as
personality traits, behavioral features and particular way of behavioural and cognitive task
performance. Moreover, in clinical populations, there is rather variable phenomenology of
behaviour that is generally labeled as impulsive and a considerable inconsistency of impul‐
sivity concepts in neuropsychiatric disorders exists. It is not clear if there is a single psycho‐
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logical process linked to a distinct neurobiology or if discrete patterns of impulsive behaviour
could be found with specific functional neuroanatomy in various clinical contexts.

Impulsive behaviour is the execution of an immediate urge to act, bypassing consideration of
possible means and outcomes of available alternatives. In a closer look, there may be several
sources of such behaviour. Moreover, behaviours like compulsions or hyperactivity may
resemble impulsivity on the phenomenological level while they result from different neuro‐
biological and psychological processes [8]. Contemporary neuroscience opens new possibili‐
ties for objective analysis of neurophysiological sources of behavior. Moreover, it brings new
ways of treatment that are guided by detailed knowledge of neurobiology of individual signs
and symptoms.

Impulsivity may be expressed in personality traits, cognitive and emotional processes or
behaviour control [9]. Impulsive personality traits include impulsivity proper, i.e. tendency
to act rashly without evaluation of consequences (most frequently measured using the Barrat
Impulsivity Scale); furthermore, it is reflected in the concept of sensation seeking (search of novel
intense experiences without consideration of associated risks), lack of perseverance, positive and
negative urgency (a tendency to act rashly during intense positive or negative affects) or high
reward sensitivity.

Cognitive manifestation of impulsivity includes a concept of behavioural disinhibition, i.e.
inability to suppress irrelevant or unfavourable behaviour (“stop impulsivity” – Go-No go
task, Stop signal task), and a concept of risky decision-making and reward processing with
preference of immediate, but in a long run, disadvantageous gains, and inability to postpone
reward (“wait impulsivity” – various modifications of Delayed Discounting paradigm, Iowa
Gambling task). Compulsion is a repetitive urge to act that leads to a stereotyped behavior;
impulsivity, on the other hand, is not stereotypic.

The forms of impulsivity associated with ADHD involve the inadequate control of behaviour,
poor sustained inhibition, the inability to delay a response or defer gratification, or the inability
to inhibit dominant or prepotent responses. An equal or perhaps greater problem is the delay
aversion – children and adults find waiting aversive, and therefore they act impulsively to
terminate the delay more quickly. There is a reduction of symptoms of impulsivity with age,
but adults still describe some symptoms of it. The clinical manifestations of impulsivity are
described as “acts before thinking”, “does not learn from mistakes”, “says things without
thinking” and “does not think about risks or effects of actions” [10, 11]. Impulsivity in
individuals with ADHD is associated with greater emotional and behavioral impairments in
all stages of life. The consequences of impulsivity often include poor academic and occupa‐
tional performance, problems in interpersonal relationships. Impulsivity is also associated
with an elevated risk for substance abuse, cigarette smoking, driving problems or antisocial
behaviors. [12]

1.2.1.1. Functional neuroanatomy of impulsivity

Functional neuroanatomy of symptoms is based on imaging of brain activity during execution
of a specific behavioral paradigm. Therefore, there are no studies of impulsivity, hyperactivity,
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nor any other clinical symptom. Rather, the neuroanatomy is based on associations between
a particular pattern of responses during behavioral paradigm that engage specific cognitive
processes and clinical manifestation of an illness. Impulsivity is associated with changes in
reward processing, behavioral inhibition, and, perhaps, time processing. Failures in any of
these processes can manifest as impulsivity. Although it might be difficult sometimes to
differentiate what process causes a specific pattern of behavioral responses, for the sake of
clarity the functional neuroanatomy of reward, behavioral inhibition, and time processing will
be elaborated individually. The evidence suggests that they represent distinct patterns of brain
circuit dysfunctions, and, therefore, they may form distinct phenotypes of impulsivity (i.e.
“stopping” – “inhibition-dependent” and “waiting” – “reward-dependent” impulsivity).

Test features that require inhibition of inappropriate behaviour activate right inferior frontal
gyrus, orbitofrontal gyrus, anterior cingulate, motor and premotor regions (motor cortex M1,
supplementary motor area, dorsal premotor cortex), striatum, thalamus, and nucleus subtha‐
lamicus. It seems that behavioural inhibition itself consists of several subprocesses: inhibition
of interference, response delay, and response cancellation. All of them are linked to the
activation of the right inferior frontal gyrus, supplementary motor cortex, and parietal cortex.
Inhibition of interference activates to a greater degree premotor and parietal cortex; cancella‐
tion of response represents a late phase of response inhibition and is linked with higher
activation of fronto-striatal circuits. Meta-analysis of fMRI studies revealed strong evidence
for decreased activation of the right inferior frontal gyrus, right supplementary motor area
(BA6) and anterior cingulate (BA 32), right fusiform gyrus (BA 19), left caudate head, and right
thalamus during motor inhibition tasks (Go-NoGo or Stop signal tasks) in ADHD [13].

Impulsivity linked with inadequate reward processing that involves decision-making and
reward evaluation activates medial prefrontal cortex, medial orbitofrontal cortex, anterior
cingulate, hippocampus, insula, amygdala, and ventral striatum or nucleus accumbens [9,
14]. Subjects with ADHD show decreased activation within this network, with a replicated
finding of hypoactivation of ventral striatum during reward anticipation [15]. Edel et al. [16]
showed that there might be dissociation of the neuronal deficit during reward processing
between ADHD subtypes: predominantly inattentive subtype was linked with hypoactivation
of ventral striatum, combined subtype with hypoactivation of orbitofrontal cortex.

1.2.2. Attention deficit

Deficits of sustained attention belong to very common findings in ADHD. A meta-analysis of
fMRI studies (that used Continuous performance, Odd-ball, or Mental rotation tasks) detected
significant decrease of brain activity in the right dorsolateral prefrontal cortex (BA 8, 46), right
inferior parietal cortex (BA 40), right precuneus (BA 7), right superior temporal gyrus (BA 42),
left putamen, and right thalamus; on the other hand, increased activity in cerebellum was
found too [13]. However, individual studies show also involvement of the left hemisphere
dysfunctions – using fMRI during vigilance task in boys with ADHD found decreased
activation of the left dorsolateral prefrontal cortex (middle frontal gyrus, BA 46, 9, 8), superior
parietal cortex (postcentral gyrus, BA 6, 4, 2, 1, 7), and subcortical structures involved in fronto-
striatal loops [17]. DLPFC activation was related to the test performance, i.e. the reduced
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DLPFC activation corresponded to deficits in sustained attention. Findings of abnormal
functional connectivity within fronto-striatal loop during Continuous performance task in
children with ADHD [18] demonstrates that the abnormal pattern of activity affects whole
networks – which might be advantageous for the TMS applications, where only selected parts
of the network are accessible, and still the influence of a part of a network may affect inter-
connected areas as well.

Arnsten describes a comprehensible model of attention, with two systems. The “bottom-up”
system represents stimuli from the environment processed in association areas (posterior parts
of the brain – the occipital, parietal, and temporal lobes) and projected to the PFC according
to their salience. The “top-down” system represents the actions of the PFC which chooses
which stimuli will be enhanced (relevant) and which will be suppressed (distracting) according
to their relevance for long-time goals processed by the PFC. The PFC uses its extensive
projections back to the sensory association cortices. [19]

In addition to the disorders of attention, dysfunction of several other cognitive functions, such
as working memory and executive functions can be found in ADHD [20], albeit only in a
subgroup of patients [21]. They are linked to reduced DLPFC activity [22].

1.2.3. Time processing

There exists growing evidence on impairment of various time-processing mechanisms in
ADHD that form an independent domain of ADHD manifestation: perceptual timing,
temporal foresight, and motor timing reflected in abnormalities of interval duration estimation
and discrimination, delay discounting, and sensorimotor synchronization [23], i.e. processing
of both interval estimation and fine-grained millisecond timing of brain events is affected.
Since there is a relationship between time-processing deficits and measures of impulsivity and
attention deficit [23], it seems that this neurocognitive abnormality may be another source of
core behavioral manifestations of ADHD.

Functional neuroanatomy of time-processing deficits in ADHD converges on the pattern of
reduced activation of bilateral inferior frontal gyrus, orbitofrontal cortex (in particular, in time
foresight paradigms – delayed discounting task), SMA, precentral gyrus, insula, and cerebel‐
lum [24–27].

1.2.4. Emotion dysregulation

Emotion dysregulation is an important component of ADHD and according to many it should
be considered in diagnostic conceptualizations of ADHD [28, 29]. It was found to be linked to
some ADHD variables such as greater ADHD functional impairment, lower quality of life,
ADHD persistence, and higher ADHD severity in childhood [30]. Shaw et al. [31] describes
emotion dysregulation as emotional expressions and experiences that are excessive in relation
to social norms and context-inappropriate; rapid, poorly controlled shifts in emotion (“labili‐
ty“); and the anomalous allocation of attention to emotional stimuli. In the study of Vidal et
al., adults with ADHD presented higher levels of emotional lability when compared to clinical
control subjects and community subjects [30].
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Similarly to attention, there are different systems that regulate emotions. The "bottom-up"
system is represented by emotional responses of the amygdala and ventral striatum to external
stimuli. Their projections to prefrontal cortex (PFC) draw attention to emotionally loaded
processes and similarly to attention, this bottom-up system stresses salience of emotions and
not their current relevance. Subcortical structures, the amygdala, and the ventral striatum play
a key role in generation of emotions. These areas project to ventrolateral prefrontal cortex
(VLPFC), which is not a centre for emotion regulation, rather it decides if regulation is
necessary. The need for regulation is signalized to the dorsolateral PFC (DLPFC), either via
the anterior middle cingulate cortex or directly. The DLPFC processes the information from
VLPFC and relays it to other brain structures involved in emotomotor control [32], which
represents the “top-down” regulation based on relevance of the emotion for tasks and goals
currently processed by the DLPFC. This ability is included in the broader concept of "executive
functions", i.e. the processes that are focused on attaining long-term goals through organizing
and planning.

Emotion dysregulation in ADHD may arise from deficits at multiple levels. These range from
abnormal early orienting to emotional stimuli, particularly with regard to negative stimuli and
reward valuation through an inability to recruit top-down regulatory effort in response to
emotional stimuli. Meantime, deficits in cognitive processes, including working memory and
response inhibition, may contribute to emotion dysregulation, but they do not seem to be alone
to explain its presence in ADHD [31]. In children with ADHD and emotional lability, deficits
in emotion regulation were associated with altered amygdala–cortical intrinsic functional
connectivity (iFC). The cortical structures involved were rostral anterior cingulate cortex
(positive iFC in individuals with high emotional lability). Emotional lability scores were also
negatively associated with iFC between bilateral amygdala and posterior insula/superior
temporal gyrus [33].

1.2.5. Motor symptoms and hyperactivity

Hyperactivity is a non-specifically increased tendency to act. The question is if it is a conse‐
quence of inadequate motor inhibition or if there are other sources for hyperactivity. Although
there are no functional imaging studies of hyperactivity per se, there are reports of motor
system changes in ADHD. During simple motor tasks, reduced activity of primary motor (BA4)
and sensor cortex in ADHD subjects was observed [34]. Moreover, abnormal co-operation of
motor system was seen as well – McLeod et al. (2014) [35] described reductions in functional
connectivity at rest between the primary motor cortex and the bilateral inferior frontal gyri,
right supramarginal gyrus, angular gyri, insular cortices, amygdala, putamen, and pallidum.
It seems that increased lateral prefrontal cortex activity is involved in compensation of
inadequate motor system performance in ADHD subjects [36].

1.3. Potential targets for rTMS treatment

From the network point of view, there seems to be an involvement of at least three distinct
circuits – lateral attentional network, medial reward-related network, and fronto-cerebellar
time-processing network. At present, the state-of-the-art rTMS technology enables modulation
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of regions that lay close to the surface of the brain, i.e. lateral parts. Based on the above reviewed
functional neuroanatomy, potential accessible candidate targets are represented by dorsolat‐
eral prefrontal cortex, ventrolateral prefrontal cortex, inferior frontal gyrus, dorsal parts of
supplementary motor cortex, and cerebellum. Modulation of dorsolateral prefrontal cortex
may lead to changes of attention, working memory, and executive functions, but through the
top-down regulations it may exert effects on emotional dysregulation symptoms, and impul‐
sivity. Inferior frontal gyrus stimulation may lead to changes in behavioral inhibition and time
estimation. Cerebellar stimulation may influence time processing, cognitive functioning, and,
perhaps, even the affective symptoms of ADHD. rTMS of cerebellum is technically possible;
however, the tolerability due to the neck muscle stimulation might limit its clinical use. Quite
recently, rTMS approaches that use a double-cone or HAUT coils demonstrated their ability
to modulate activity of medial cortical regions [37, 38]. This technological advancement would
enable direct targeting of medial cortical nodes related to reward processing, which may bring
increased efficacy in the treatment of impulsivity in ADHD.

2. Repetitive transcranial magnetic stimulation

2.1. General description and current use in psychiatry

Transcranial magnetic stimulation (TMS) is a diagnostic and therapeutical technique based on
the principle of electromagnetic induction of electric current in the brain. It uses high-density
magnetic field (approximately 2T lasting 0.1 ms) to induce electric field inside cortex, which
is able to depolarize neurons [39]. Repetitive transcranial magnetic stimulation (rTMS)
depolarizes neurons repetitively with either high (HF) or low frequency (LF) in order to change
neuronal excitability for a longer period of time. The excitability can be lowered by using a
low-frequency stimulation [40], and vice versa, high-frequency stimulation is able to render
the neuron more sensible to stimuli, thus more excitable [41]. Findings from the neuroimaging
studies that have localized dysfunctional parts of cortex in particular diseases can be trans‐
formed into new treatment approaches. However, recent findings suggest that the effect of
rTMS is more complex and the excitatory/inhibitory paradigm is not fully satisfying as some
works suggest mixed excitatory and inhibitory effects of either HF or LF-rTMS [42] and the
excitatory effect of HF-rTMS on motor-evoked potentials might be caused by the decrease of
gamma-amminobutyric acid-mediated inhibition [43]. The method is non-invasive and few
side effects have been reported so far. The complete mechanism of changes remains unclear,
but it is believed that rTMS affects gene expression [44], synaptic plasticity, dopamine release
[45, 46], and release of endogenous opioids [47]. The ability of rTMS to affect not only the
particular area it is aimed at but also the whole functional site is crucial as it is able to modulate
function in more distant parts of brain [48, 49].

Each rTMS protocol is characterized by its focus of stimulation, frequency of stimuli, intensity,
frequency of sessions, total number of pulses, train and intertrain time, a total time of session,
and the shape of the coil. Taking this into account, many variables which can modify the effect
of stimulation are present and researchers need to consider each of them when designing a
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protocol. The choice of the region of the brain cortex used for stimulation is based on lesion
studies or imaging data that suggest an approximate localization of the studied cortical
function, e.g. dorsolateral prefrontal cortex, supplementary motor area, etc. The choice of a
particular place on subject’s scalp to put on the coil is based on anatomy or imaging data of
the particular subject. The intensity of each stimulation is usually standardized according to
a percent of RMT (resting motor threshold), determined in each individual. 1 Hz stimulation
is typically used for LF-rTMS, and 5–20 Hz stimulation in HF-rTMS. Multiple imaging
techniques are used for online monitoring of rTMS effect in studies (EEG, PET, fMRI).

Another form of rTMS – the Theta-Burst stimulation (TBS) – consists of 3 pulses at 50 Hz
repeated at 200 ms interval (hence 5 Hz frequency). This stimulation, when applied continu‐
ously (cTBS), is considered to mimic long-term depression effect on cortical excitability, while
when applied intermittently (iTBS), long-term potentiation-like (LTP-like) effect is observed
[50]. However, Gamboa showed that doubling the duration of the stimulation leads to
conversion of its effect [51].

Largest body of evidence supporting the efficacy of rTMS was reached in trials with patients
suffering of drug-resistant major depression and this success of rTMS led to approval of this
technique in this indication by Food and Drug Administration in the USA in 2008. The method
is also used in neuropsychiatry for the treatment of anxiety disorders [52], child autism [53,
54], Parkinson’s disease [55], and positive symptoms of schizophrenia such as auditory
hallucinations [56, 57]. And for number of other diseases, this technique is in various states of
research (neuropathic pain, Tourette’s syndrome, stroke, amyotrophic lateral sclerosis,
multiple sclerosis, epilepsy, Alzheimer’s disease, tinnitus, obsessive compulsive disorder,
negative symptoms of schizophrenia, substance abuse, addiction, and craving) [55].

2.1.1. Safety issues

Although rTMS is believed to be a very safe technique, several side effects were described in
previous studies. Of the major concern is the possibility of seizure induction, mostly during
excitatory rTMS (HF), considered the most serious TMS-related acute side effect. However,
the incidence of seizures was extremely rare (0.1–0.5%) and was mostly connected to receiving
rTMS exceeding previous guideline recommendations, often in patients under a medication
potentially lowering the seizure threshold. A short intertrain time is considered to be one of
the potential triggers of seizures during rTMS [58]. Further research and analysis should be
performed to identify protocol aspects and indication criteria lowering the risk of seizures.

As rTMS produces rather intensive noise (over 120 dB) [59], considerations about its effect on
patient's hearing should be taken into account. The amplitude of rTMS sound depends on the
coil design and the absolute stimulation intensity. Thus, sound intensity experienced by the
patient during stimulation depends directly on the subject’s motor threshold which is indi‐
vidually variable across the population [60]. According to safety guidelines [58], hearing
protection is highly recommended as some subjects with no hearing protection experienced a
hearing loss or threshold shifts in past studies [61, 62].
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Headache is a relatively frequent adverse effect of rTMS, but this discomfort usually vanishes
within minutes with either no need for medications or it responds to common analgesics. A
scalp pain or discomfort is a common adverse effect of rTMS as well and an ideal method to
decrease this discomfort is still in research (e.g. local application of lidocaine) [63, 64]. How‐
ever, the scalp pain and discomfort typically vanish straight after the application of pulses and
eventually it seems there is a kind of accommodation as the first session is usually refered as
the most painful.

Repetitive transcranial magnetic stimulation is contraindicated in patients with metallic
(conductive, ferromagnetic, or other magnetic-sensitive) objects in or near the head (within 30
cm of the treatment coil), e.g. implanted electrodes, bullet fragments, aneurysm clips, stents
and similar, or implanted stimulator devices in or near the head, e.g. deep brain stimulators
and vagus nerve stimulators.

2.2. Repetitive transcranial magnetic stimulation in the treatment of ADHD

2.2.1. Children and adolescents

Several limitations exist for the use of any therapy in children regarding their developing brain.
Every novel therapy in neuropsychiatry needs to be evaluated carefully in children, especially
in the terms of long-term safety. According to the theory of “sensitive periods“ (a time period
within brain development when an intervention has a strong effect on the brain [65]) in
childhood, neuromodulation methods might be able to affect the brain function in a more stable
and effective way during these periods. Although there is no evidence of any serious side
effects of rTMS in children, it has to be kept in mind that the risk of inducing maladaptive
neuroplasticity during sensitive periods of development of the child brain is still present and
there is great need to clearly describe the neurophysiology of the impact of rTMS on a
developing brain [54].

Dorsolateral prefrontal cortex (DLPFC), and especially right DLPFC, is believed to be highly
involved in the pathophysiology of ADHD – see above. Two studies reported an application
of rTMS over DLPFC in children and adolescents with ADHD. Weaver and colleagues (2012)
applied HF-rTMS (10 Hz, 100% of the observed motor threshold) over the right DLPFC in 9
young patients (4 of them between 15 and 17). Their sham-controlled crossover safety study
revealed an overall improvement in ADHD symptoms, but no difference between the sham
and the active rTMS sessions [66]. Isenberg et al. showed that LF-rTMS on the left DLPFC has
similar effect in patients with depression as HF-rTMS on the right DLPFC [67]. Gomez et al.
based their protocol on these findings and applied 1 Hz rTMS of 90% of the rest motor threshold
over the left DLPFC in ten school-aged boys (ages 7–12) suffering from ADHD. Although this
study was performed to establish tolerability and safety of this protocol in children, their
preliminary results have been promising because of significant clinical improvement of ADHD
symptoms (mainly inattentiveness in school and hyperactivity/impulsivity at home) as
referred by teachers, parents, and partly confirmed by the attending physician [68].

Two other studies applied the rTMS in children with ADHD for different purposes. One of
them successfully evaluated TMS-evoked N100 measuring by EEG as a suitable marker for
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online monitoring of rTMS effects in children with ADHD as they found significant reduction
of the amplitude of TMS-evoked N100 in comparison to the sham stimulation [69]. Loo et al.
(2006) used 10 Hz rTMS on two 16-years-old girls suffering from depression and ADHD and
described improvement in depression but no change in ADHD symptoms [70]. Nevertheless,
all these studies revealed no serious adverse effects in children with ADHD undergoing rTMS.

Considering the wide comorbidity of ADHD and Tourette‘s syndrome (60–80% according to
hospital studies) [71], it is worth noticing some promising results of rTMS treatment. Two
studies [72, 73] applied LF-rTMS of 100/110% of motor threshold over the supplementary
motor area and showed significant improvement in tics; these improvements lasted for a
minimum of 6 months [73]. However, three participants with ADHD reported no change in
ADHD symptoms. Nevertheless, improving the tic symptoms can increase the compliance of
ADHD patients and give the therapist possibility to better address the therapy of ADHD
symptoms.

2.2.2. Adults

As the recent findings have revealed, in over 50% of children with ADHD the symptoms persist
to adulthood. Adult ADHD has become a large point of interest for research. Considering the
fact that attention deficit symptoms tend to persist into adulthood more often than hyperac‐
tivity symptoms, a pilot study was performed using HF-rTMS on the right DLPFC. This
stimulation resulted in improvements in attention but with small clinical significance [74]. One
patient in a case study reported particular dysphoria, inability to respond emotionally,
hypobulia, tension, and impaired attention after the same stimulation protocol [75]. Applying
inhibitory protocol on the contralateral DLPFC might be worth trying as well.

On the other hand, two studies with inhibitory protocol with LF-rTMS over the supplementary
motor area (SMA) reported significant clinical improvement in hyperactivity in two women
with the hyperactive/impulsive subtype of ADHD [76, 77].

Some studies focused on other functions typically impaired in ADHD (e.g. attention, impul‐
sivity) trying to influence them by non-invasive brain stimulation in healthy population. The
DLPFC was stimulated in studies measuring the effect of stimulation on sustained attention
or impulsivity or inhibition. HF-rTMS over the left DLPFC led to better performance in the
Conners Continuous Performance task [78]. Continuous Theta-burst stimulation over the
DLPFC resulted in choosing larger delayed rewards rather than smaller immediate ones in the
Delay Discounting test [79]. Similar results were reached after stimulation of the medial
prefrontal cortex by HF-rTMS [80]. Interestingly, anodal transcranial direct current stimulation
(tDCS) applied over either the left or the right DLPFC resulted in more careful driving on a
driving simulator [81].

The performance in the Stop Signal task, which is also used for the diagnosis of impulsivity,
was affected by anodal tDCS over the pre-SMA and participants performed greater number
of correctly inhibited responses in comparison with the active stimulation over M1 [82].
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tivity symptoms, a pilot study was performed using HF-rTMS on the right DLPFC. This
stimulation resulted in improvements in attention but with small clinical significance [74]. One
patient in a case study reported particular dysphoria, inability to respond emotionally,
hypobulia, tension, and impaired attention after the same stimulation protocol [75]. Applying
inhibitory protocol on the contralateral DLPFC might be worth trying as well.

On the other hand, two studies with inhibitory protocol with LF-rTMS over the supplementary
motor area (SMA) reported significant clinical improvement in hyperactivity in two women
with the hyperactive/impulsive subtype of ADHD [76, 77].

Some studies focused on other functions typically impaired in ADHD (e.g. attention, impul‐
sivity) trying to influence them by non-invasive brain stimulation in healthy population. The
DLPFC was stimulated in studies measuring the effect of stimulation on sustained attention
or impulsivity or inhibition. HF-rTMS over the left DLPFC led to better performance in the
Conners Continuous Performance task [78]. Continuous Theta-burst stimulation over the
DLPFC resulted in choosing larger delayed rewards rather than smaller immediate ones in the
Delay Discounting test [79]. Similar results were reached after stimulation of the medial
prefrontal cortex by HF-rTMS [80]. Interestingly, anodal transcranial direct current stimulation
(tDCS) applied over either the left or the right DLPFC resulted in more careful driving on a
driving simulator [81].

The performance in the Stop Signal task, which is also used for the diagnosis of impulsivity,
was affected by anodal tDCS over the pre-SMA and participants performed greater number
of correctly inhibited responses in comparison with the active stimulation over M1 [82].
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2.3. Why are the results of studies so variable?

The differences between individual studies result from their methodology. There are great
many parameters in rTMS that can be adjusted differently. The parameters are described above
and studies use unequal designs. The reason for such differences is the practical absence of
standard rTMS protocols for ADHD, the firm knowledge of the right technical setting is absent.

There is a possibility to use parameters that have been successful in the treatment of depressive
disorder or negative symptoms of schizophrenia where the stimulation of the DLPFC is
applied as well – high frequency, ideally 10Hz, above-threshold intensity (above 100% of the
individual’s resting motor threshold), higher number of treatment sessions (15 at least), higher
number of pulses per session and totally during the treatment, and possibly the use of
structural and functional brain imaging techniques for more accurate targeting of the best place
of stimulation. This protocol has to be tested in trials (double-blind and placebo-controlled
ideally) that could prove whether these parameters are really optimal for patients with ADHD.
It is worth noting that in patients with obsessive-compulsive disorder this assumption was
wrong and there is a search for a different target instead of the DLPFC. Even the protocols for
much more studied disorders like depression or negative symptoms of schizophrenia differ,
however, in different studies. In ADHD studies, the inter-individual variability is an important
factor as extensive studies are lacking. The same protocol may lead to different outcomes in
individual patients and in small sample studies the inter-individual variability can overweight
the inter-group variability.

The measures of outcome can also differ in different studies. ADHD is defined by its diagnostic
criteria and a lot of questionnaires are used to measure the changes in symptomatology. The
functioning in individuals with ADHD varies considerably and the results in neuropsycho‐
logical tests correspond to this variability. Changes induced by rTMS may be small and only
detectable in testing, but patients’ expectations may be higher with such a “hi-tech treatment”
so patients can subjectively overestimate or underestimate the results. More studies examining
patients’ subjective feelings as well as objective measures of attention and hyperactivity before
and after rTMS are needed.

3. Case study

An adult female patient 25-years-old with ADHD, a university student, was enrolled to the
pilot study which examined the efficacy and safety of repetitive transcranial magnetic
stimulation (rTMS) in adult ADHD. Although she described having had the symptoms of
ADHD before starting school education at the age of 6 years, she was never diagnosed by a
psychiatrist and was never treated. She was assessed by only a school psychologist who
communicated to her parents that she would not be able to study at university. She, however,
did not give up, and this motivated her to work harder. She had good results at basic and
secondary schools even though she suffered from inattention. The results at university were
considerably poorer, but with a high level of motivation she was able to finish her bachelor’s
degree. Nonetheless, she had to consult a psychiatrist for the first time during the studies and
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she was diagnosed with adjustment disorder with prevailing depressive mood and suspected
ADHD. She was medicated with paroxetine 20 mg daily and also with valproate 500 mg daily
for emotional instability. Her mood improved with the medication, but she still had disturbing
symptoms of inattention. A year later she found our experimental rTMS study and agreed
willingly to participate.

Before the procedure, she was assessed by two psychiatrists experienced in diagnosing ADHD
and the diagnosis was confirmed. Consecutively, she had a neuropsychological evaluation
aimed at attention. She did not meet any contraindication for rTMS (epilepsy, pathological
EEG, metal object in skull, cardiostimulator, or drug pump) and thus she could start rTMS.
The high-frequency stimulation of the left dorsolateral prefrontal cortex (DLPFC) was used;
this alternative had been previously used in another patient with ADHD (see [74]) and seemed
effective and well-tolerated.

Before the initiation of stimulation, we first localized the spot whose stimulation triggered a
motor-evoked potential (MEP) in the abductor pollicis brevis muscle. Then, we determined in
a standard way the resting motor threshold (RMT) as the lowest stimulation intensity that is
able to trigger a MEP of at least 50 µV in the above mentioned muscle five times out of ten
consecutive trials [83]. The exact stimulation localization was determined according to the “5
cms rule“ – that is, a localization 5 cm more rostral from the RTM spot. The patient had ten
sessions during her treatment with high-frequency (10Hz) rTMS; the intensity was 110% of
the RTM; and the pulse count was 1500 in a session with the stimulation train invariably 10
seconds long with an inter-train pause of 30 seconds. The treatment was well tolerated and no
adverse effects were seen during the whole course of treatment. After treatment, she did not
feel any subjective improvement in attention, but the control neuropsychological evaluation
showed improvements in almost all tests focused on attention. A few weeks after rTMS, she
was informed she was in the second trimester of pregnancy which meant she had been
pregnant in the course of the rTMS treatment. In a year, she contacted us again and reported
her pregnancy without complications as well as the delivery of a healthy child. She even
managed to finish successfully her university studies.

This case study supports with evidence the hypothesis that rTMS may be an effective and safe
treatment option for adult ADHD. It seems safe even in pregnant female subjects; the evidence
is however insufficient.

4. Summary

rTMS treatment of ADHD is in its infancy. The best treatment regimen, duration of acute
treatment, neurostimulation target, and symptoms modulated by rTMS are to be determined.
Although the method proved to be effective in several psychiatric indications (schizophrenia,
major depression), the efficacy in ADHD needs to be studied in detail before any final
conclusions. The neurobiology of ADHD is linked with dysfunctions of cortical regions that
are accessible to rTMS modulation. The many regulatory functions of DLPFC enable TMS
stimulation trials for many disorders. Majority of neurobiologic findings in ADHD involve
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this cortical area, thus giving sense to the use of rTMS in ADHD. Since frequent limitation of
rTMS studies is only approximate localization of stimulation targets, when trying to target
specific regions linked with ADHD, fMRI-guided neuronavigation may be of crucial impor‐
tance for the success of treatment regimens.

5. Abbreviations

This chapter tries to provide with current knowledge about the neurobiology of ADHD for the
purpose of explaining the role of a novel treatment approach in psychiatry – repetitive
transcranial magnetic stimulation. The structures of brain have usually long and complicated
names. We use some abbreviations to shorten the text. All abbreviations are written in full
words as they occur for the first time. Here are some of the most common for your reference.

ADHD – attention-deficit hyperactivity disorder

BA – Brodmann area

DCS – direct current stimulation

DLPFC – dorsolateral prefrontal cortex

fMRI – functional magnetic resonance imaging

HF – high frequency

LF – low frequency

PFC – prefrontal cortex

SMA – supplementary motor area

rTMS – repetitive transcranial magnetic stimulation

TMS – transcranial magnetic stimulation

VLPFC – ventrolateral prefrontal cortex
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Abstract

Attention-deficit/hyperactivity disorder (ADHD) is the most common neurodevelop‐
mental disorder of childhood characterized by the three core symptoms of hyperac‐
tivity, impulsiveness, and sustained inattention. While the etiology of ADHD remains
unknown, several studies suggest ADHD pathophysiology to involve frontal network
abnormality and dysregulation of catecholaminergic and dopaminergic functions.
Stimulants, which are structurally similar to endogenous catecholamines, are the most
commonly prescribed drugs for treatment of ADHD, but are classified as Schedule II
based on the Controlled Substances Act due to high likelihood for diversion and
abuse. Non-stimulant medications, as well as antidepressants, have also been used in
ADHD treatment but have been found to be inferior to stimulant interventions and
to cause intolerable side effects. The search for safer yet effective ADHD treatments
led to a growing interest in natural medicines and a host of other complementary and
alternative treatments for ADHD. While the use of these therapies is well documented,
not much is known about their safety and efficacy. In this chapter, we describe current
evidence-based complementary and alternative therapies for ADHD, focusing on
nutritional and botanical agents, and provide details on the performance of these
agents in clinical trials. Here, we discuss the rationale for the use of natural products
for ADHD, mention the potential mechanisms of action of these treatments, and
highlight safety and efficacy issues associated with the use of these treatments. In
conclusion, we give an exhaustive update on the use of nutritional and botanical
medicines as complementary and alternative ADHD therapies for ADHD, which
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could potentially provide important information on the efficacy and safety of these
types of interventions.

Keywords: ADHD, natural, herbal, botanical, nutritional

1. Introduction

Attention deficit hyperactivity disorder (ADHD) is a neurodevelopmental disorder of
childhood, characterized by the three core symptoms of hyperactivity, impulsivity, and
inattention [1]. Diagnosis of ADHD has been on the rise since it was recognized as a specific
disorder in the 1970s. Currently, the worldwide prevalence rate of ADHD is approximately
5%, making it the most common psychiatric disorder among children [2]. In addition, although
most frequently diagnosed during childhood, ADHD may affect an individual throughout life
[3]. Given its serious academic, social, and familial consequences, along with the risk of
incurring comorbid conditions and later substance abuse, it is imperative to develop effica‐
cious treatments for ADHD [4].

2. Treatment of ADHD: An overview

Numerous treatment strategies for ADHD have been implemented over the years. Conven‐
tional treatment usually includes a pharmaceutical and a non-pharmacological intervention
such as behavioral/psychosocial approaches. We describe in the following text some of the
widely used pharmacological and non-pharmacological ADHD treatments as well as safety
and efficacy and issues or limitations associated with the use of these interventions.

2.1. Pharmacological interventions

ADHD has been associated with dysfunctions in catecholaminergic function in the brain [5].
The fact that medications that increase brain catecholamine levels have been shown to alleviate
ADHD symptoms provided solid support for the use of pharmacological treatments for ADHD
[5]. Drugs used in managing ADHD are classified as stimulant and non-stimulant medications.
Stimulant or psychostimulant drugs are the most common pharmacological intervention for
ADHD [6, 7]. These drugs (e.g., methylphenidate and dextroamphetamine) are structurally
similar to endogenous catecholamines. They work by increasing extracellular dopamine and
norepinephrine levels in order to restore the dysregulated neurotransmitter balance in the
brain of ADHD patients [5]. Methylphenidate (Ritalin® or Concerta®) is the most prescribed
and used psychostimulant accounting for around 70% of ADHD patients who are under
stimulant treatment [6, 8, 9].

Non-stimulant medications such as the norepinephrine specific reuptake inhibitor, atomoxe‐
tine, as well as antidepressants such as imipramine, phenelzine, and bupropion have also been
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used in the treatment of ADHD [9, 10]. Similar to psychostimulants, these drugs act by
increasing catecholamine levels in the brain, thus correcting the perceived neurotransmitter
imbalance. However, non-stimulants have been found to be inferior to stimulant drugs on
efficacy endpoints [6, 10].

Although pharmacological interventions generally improve ADHD symptoms for most
children, as many as 20–30% of children either do not respond to these drugs or are unable to
tolerate them due to the wide range of side/adverse effects they may produce [11, 12]. Common
side effects associated with stimulant use are decreased appetite, insomnia, and headache [11].
Other side effects such as motor tics, abdominal pain, irritability, nausea, and fatigue have also
been reported [9, 13]. For this reason, some parents are unwilling to medicate their children
with stimulants due to concerns about the safety and risks associated with the long-term use.
In addition, stimulants also have a high likelihood for diversion and abuse, and are classified
as Schedule II based on the Controlled Substances Act. This is a major concern since ADHD
has also been associated with increased risk of substance use disorder [14].

2.2. Non-pharmacological interventions

A variety of non-pharmacological interventions is available for treating ADHD. These
treatment strategies can either be used alone or in combination with pharmacological therapy
[13]. Behavioral therapy, also known as behavioral modification, is one of the most common,
effective, and accepted non-pharmacological treatment for ADHD. This therapy, which
typically involves reinforcing desired behaviors through rewards and praise and decreasing
problem behaviors by setting limits and consequences, has shown great promise particularly
in youth and adults with ADHD [15, 16]. Another form of behavioral therapy is social skills
training. This is conducted in a group setting where a therapist or a teacher demonstrates
appropriate social behaviors and then encourages patients to repeat and practice those
behaviors [16, 17]. Other potential approaches include memory training through the use of
computer software (Cogmed), electroencephalography biofeedback or neurofeedback,
exercise, yoga, meditation, acupuncture, and green space [12, 18, 19]. As these therapies are
not widely available, only a few patients can benefit from the effects of behavioral therapy.
Despite the fact that these interventions are easy to implement, time demands, the need of a
professional therapist, and participation by family members and teachers also limit the use of
behavioral ADHD treatments.

Over the years, there has been much interest and controversy on the importance of food and
diet and its potential role in ADHD and ADHD symptomatology [20]. Some food items have
been shown to cause or worsen ADHD symptoms in children. The strategy, therefore, is to
identify offensive food items and eliminate these items from the child’s diet in order to prevent
or minimize the occurrence of ADHD symptoms. This can be done by eliminating the partic‐
ular food item (single-food elimination) or multiple food elements that are most commonly
reported to cause ADHD symptoms. Common culprits include sugar, dairy products, junk
foods, food additives, preservative, and others [18, 21]. Another dietary regimen that has been
gaining support is the “oligoantigenic” or “few foods” diet, which entails strict removal of
nearly all foods, except a limited number that have been proven to cause no problems or are
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deemed “hypoallergenic” [18, 19, 21]. However, due to inadequate research on the efficacy of
these regimens, employing dietary modifications to treat ADHD is still controversial. Fur‐
thermore, continued compliance and nutritional imbalances are causes of concern for dietary
treatments.

3. Natural health products for ADHD

3.1. Rationale for the use of natural health products

In view of the safety and efficacy issues of current pharmacological interventions, and the
desire for safer yet effective ADHD treatments, there has been a growing interest in natural
health products (e.g., botanical/herbal medicines, vitamins, and minerals) and other comple‐
mentary and alternative medicines for ADHD [12, 18, 19]. It has been estimated that more than
50% of parents of children with ADHD treat their child using one or more of these products
[22-25]. Despite their growing popularity, physicians are still reluctant to recommend these
products, as they question the efficacy of these treatments. Thus, only a few families disclose
the use of these products to their child’s physician [18, 24, 25]. Research is still underway to
demonstrate the effectiveness of natural products in the treatment of ADHD. In the following
sections, we describe some of the widely used natural medicines for ADHD, discuss the
potential mechanism of action of these agents, and give updates on their performance in recent
clinical research.

3.2. Updates on natural treatments for ADHD: evidence from clinical studies

3.2.1. Botanical agents

Botanical agents or herbal medicines are popular alternative treatment for ADHD, as they
appeal to parents looking for a more “natural” treatment for their child [12, 18]. Certain
botanical agents have shown promise in the treatment of ADHD in light of the findings of
clinical trials [Table 1].

Herb Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

Pycnogenol

⋅ Randomized, double-
blind, placebo-
controlled, study.
⋅ 61 children, 6-14 y/o
with ADHD (n=44
pycnogenol vs. n=17
placebo).

Significant
attenuation of
hyperactivity and
improvement of
attention.

Increased production
of nitric oxide that is
involved in the
regulation of
norepinephrine and
dopamine release and
intake.

Mild side effects,
such as a rise in
slowness and
gastric discomfort,
were reported

Trebatická et
al., 2006 [26]
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Herb Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

⋅ Pycnogenol (1 mg/kg/
day) or placebo
treatment for 4 weeks.

⋅ Randomized, double-
blind, placebo-
controlled study.
⋅ 61 outpatient
children, 6-14 y/o with
ADHD (n= not
specified Pycnogenol v.
placebo)
⋅ Pycnogenol (1 mg/kg/
day) or placebo
treatment for 4 weeks

Improvement of
attention,
reduction of
oxidative damage
to DNA and
normalization of
the total
antioxidant status.

Potent antioxidant
properties.

No reported
adverse effects.

Chovanová
et al., 2006
[27]

⋅ Randomized, double-
blind, placebo-
controlled, crossover
study.
⋅ 24 adults, 24-53 y/o
with ADHD (n= not
specified Pycnogenol
vs. placebo vs.
methylphenidate)
⋅ Duration of treatment
is 3 weeks

Neither
methylphenidate
nor Pycnogenol
outperformed the
placebo control on
any ADHD rating
scale employed.

Tenenbaum
et al., 2002
[30]

St. John’s Wort
(Hypericum
perforatum)

⋅ Randomized,
placebo-controlled
trial.
⋅ 3 adolescents, 14-16
y/o with ADHD (n=2
St. John’s Wort v. n=1
placebo).
⋅ St. John’s Wort (30
mg/day) or placebo
treatment, for 4 weeks.

Improvement of
hyperactivity,
inattention and
immaturity
symptoms.

Inhibition of serotonin
and norepinephrine
reuptake.

No reported
adverse effects.

Niederhofer
H., 2010 [33]

⋅ Randomized, double-
blind, placebo-
controlled trial.

No significant
improvement in
ADHD symptoms.

Inhibit serotonin and
norepinephrine
reuptake

No reported
adverse effects.

Weber et al.,
2008 [34]
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Herb Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

⋅ 56 children, 6-17 y/o
with ADHD (n=27 SJW
v. n=27 placebo).
⋅ H. perforatum (300
mg) or placebo, 3 times
a day for 8 weeks.

Gingko Biloba

⋅ Open clinical pilot
study
⋅ 20 children with
ADHD
⋅ Ginkgo (EGb 761®),
240 mg daily, was
administered for 3 to 5
weeks.

Improvement of
ADHD core
symptoms.

Elevation of brain
electrical activity,
particularly in
contingent negative
variation (CNV)
amplitude.

A very low rate of
mild adverse
effects occurred
during the
observation
period.

Uebel-von
Sanderslebe
n et al., 2014
[36]

⋅ Randomized, double-
blind controlled trial.
⋅ 50 children, 6-14 y/o
with ADHD(n=25
Ginkgo biloba vs. n=25
methylphenidate)
⋅ Gingko biloba (80-120
mg/day) or
methylphenidate (20-30
mg/day), for 16 weeks.

Gingko Biloba was
less effective than
methylphenidate
in the treatment of
ADHD.

Reverse inhibition of
MAO-A and MAO-B.

Lesser side effects
(headache,
insomnia, and loss
of appetite) than
methylphenidate

Salehi et al.,
2010 [35]

Gingko Biloba
and Ginseng

⋅ Open, pilot study.
36 children, 3-17 y/o
with ADHD.
⋅ Combination of
herbal product
containing American
ginseng extract, Panax
quinquefolium (200 mg)
and Gingko Biloba
extract (50 mg), twice a
day (empty stomach)
for 4 weeks.

Improvement in
various attributes
(anxiety, social,
hyperactive-
impulsive) of
ADHD.

Gingko Biloba can
reverse the reduction
of 5-HTIA2 and
noradrenergic
receptors. It also
stimulates synaptic
plasticity, increased
blood glucose
utilization, reduces
lactate and pyruvate,
increases dopamine
and norepinephrine,
and promotes nerve
growth.

Five (14%) subjects
reported adverse
events (more
emotional & more
impulsive, more
hyperactive and
more aggressive,
sweating,
headache,
tiredness), only 2
of which were
considered related
to the study
medication.

Lyon M.R. et
al., 2001 [37]
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Herb Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

Ginseng

⋅ Observational study
⋅ 18 children, 6-14 y/o
with ADHD.
⋅ Korean red ginseng
(1000 mg) twice a day,
for 8 weeks.

Korean red
ginseng improved
inattentiveness in
ADHD children.

Ginseng can boost
dopamine and
norepinephrine levels
in the brain.

Some participants
complained bad
taste and a degree
of repulsive
feeling.

Lee et al.,
2011 [38]

⋅ Randomized, double-
blind, placebo-
controlled clinical trial.
⋅ 70 children, 6-15 y/o
with ADHD (n=33
Korean red ginseng v.
n=37 placebo).
⋅ Korean red ginseng
extract (1000 mg) and
placebo, twice a day for
8 weeks.

Ginseng extract
significantly
improved the
inattention/
hyperactivity
symptoms of
ADHD.

Ginseng can reduce the
production of the
adrenal corticosteroids,
cortisol, and
dehydroepiandrostero
ne (DHEA).

No serious adverse
reactions reported
apart from loose
stool by one
patient from the
Ginseng group.

Ko et al.,
2014 [39]

Valerian
(Valeriana
officinalis)

⋅ Double-blind,
placebo-controlled
pilot study.
⋅ 30 children, 5-11 y/o
with ADHD (n=10
Valeriana officinalis
mother tincture
(VOMT) or n=10 3x
potency of VOMT v.
n=10 placebo, for 3
weeks)

Significant
improvement in
ADHD symptoms
was found from
VOMT or 3x
potency group, in
comparison to
placebo

Valerian’s main active
compound, valerenic
acid, inhibits the
breakdown of GABA in
the central nervous
system, an action
similar to that of
benzodiazepine drugs.

No reported side/
adverse effects.

Razlog et al.,
2011 [40]

Ningdong
granule

⋅ Randomized, double-
blind,
methylphenidate-
controlled trial.
⋅ 72 children, 6-13 y/o
with ADHD (n=36
Ningdong v. n=36
methylphenidate).
⋅ Ningdong (5 mg/kg/
day) vs
methylphenidate (1

Similar to
methylphenidate,
Ningdong granule
ameliorated
ADHD symptoms.

Regulation of
dopaminergic activity
by increasing
homovanillic acid
content of in sera.

Hypersomnia was
reported as
Ningdong
granule’s side
effects.
Methylphenidate
had more side
effects than
Ningdong granule.

Li et al., 2011
[41]
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Herb Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

mf/kg/day), for 8
weeks.

Bacopa (Bacopa
monniera)

⋅ Open-label study
⋅ 31 children, 6-12 y/o
with ADHD.
⋅ Standardized Bacopa
monniera extract
(SBME) (225 mg/day),
for 6 months.

SBME significantly
reduced ADHD
symptom; reduced
scores in
restlessness,
impulsiveness,
learning problems,
impulsivity, and
psychiatric
problems.

Bacopa was shown to
increase dopamine
levels in the cortex.
In addition, it also
possesses
neuroprotective,
antioxidant, and
memory-enhancing
effects.

SBME was found
to be safe and
tolerable in
children. Only
mild
gastrointestinal
side effects (e.g.
nausea) were
observed in 3
subjects.

Dave et al.,
2014 [42]

Table 1. Botanical agents for ADHD

3.2.1.1. Pycnogenol® (French maritime pine bark extract)

Pycnogenol® is a standardized extract from the bark of French maritime pine (Pinus pinaster).
This extract was reported to have a rich store of phenolic acids, catechin, taxifolin, and
procyanidins, each with diverse biological effects. A number of studies have suggested that
Pycnogenol® may be beneficial for ADHD and its symptoms. Of note, a double-blind, placebo-
controlled study of 61 children (ages 6–14 years old) found that Pycnogenol® (1mg/kg/day)
ameliorated the symptoms of ADHD including reduced hyperactivity, increased attention,
and improved visual-motor coordination [26]. Only mild side effects (a rise in slowness and
gastric discomfort) were reported. These benefits of Pycnogenol® on ADHD symptoms were
attributed to its ability to increase nitric oxide production. Nitric oxide plays a role in the
regulation of norepinephrine and dopamine release and intake [26]. Another study (random‐
ized, double-blind, placebo-controlled) also reported that Pycnogenol® administration (1 mg/
kg/day) improves attention of ADHD children, coupled with reduction of oxidative damage
to DNA and normalization of total antioxidant status [27]. The potent antioxidant properties
of Pycnogenol® are thought to be beneficial to ADHD given the presumed role of oxidative
stress in the etiology of this disorder [28]. Pycnogenol® was also shown to normalize urinary
catecholamine concentration of children with ADHD [29] and is believed to act as a vasodilator
improving cerebral blood flow to brain regions involved in ADHD [19]. Contrastingly,
Tenenbaum et al. [30] reported that Pycnogenol® failed to produce treatment effects in adults
(24–53 years old) with ADHD over a period of 3 weeks. However, it should be noted that in
this study neither Pycnogenol® nor the positive control, methylphenidate, outperformed
placebo on any ADHD rating scale [31]. In summary, Pycnogenol® is a promising botanical
alternative for the management of ADHD and its symptoms; however, more studies are
needed before it can be used as a stand-alone ADHD treatment.
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3.2.1.2. St. John’s wort (Hypericum perforatum)

St. John’s wort is best known for its antidepressant effects. It is an alternative option for treating
mild-to-moderate depression, even in children under the age of 12, with few side effects [18].
This herb was also demonstrated to have beneficial effects on other psychiatric disorders,
including major depression, bipolar depression, obsessive-compulsive disorder, social phobia,
and somatization disorder [32]. It has been suggested that the effects of St. John’s wort may be
related to its ability to inhibit the reuptake of serotonin, norepinephrine, and dopamine [33].
For this reason, the effect of St. John’s wort was tested in a preliminary study in three ADHD
patients (14–16 years old) and the result showed that St. John’s wort improved ADHD
symptoms [33]. In contrast, a much more rigorous (randomized, double-blind, placebo-
controlled) trial reported that St. John’s wort (300 mg/day) did not improve ADHD symptoms
in 54 children (aged 6–17 years old), after 8 weeks of intervention [34]. Thus, the effects of St.
John’s wort on ADHD is still unclear, necessitating further studies.

3.2.1.3. Ginkgo biloba

Ginkgo biloba is a unique species of a tree native to East Asia. The memory enhancing effects
of G. biloba has been extensively studied, and it is being utilized as an alternative treatment for
memory impairment and dementia [35]. Some studies also reported that the ginkgo has
beneficial effects on ADHD. Uebel-von Sandersleben et al. [36] reported that G. biloba (240 mg,
daily) improved core symptoms of ADHD in children, following 3–5 weeks of treatment. G.
biloba (50 mg) was also found to alleviate ADHD symptoms in children (36 kids, ages 3–17),
when administered with ginseng (200 mg), over the course of 4 weeks [37]. In this study, minor
side effects were observed (e.g., subjects became more emotional and more impulsive, more
hyperactive and more aggressive, sweating, headache, tiredness) [37]. The beneficial effects of
G. biloba on ADHD are attributed to its various activities such as (1) improvement of cerebro‐
vascular blood flow that may help reduce hyperactivity due to lack of focus, (2) reversal of 5-
HT1A and noradrenergic receptor reductions, and (3) inhibition of both MAO-A and MAO-B
in the brain [35, 37]. However, a 6-week double-blind randomized controlled trial by Salehi et
al. [35] found that G. biloba (80–120 mg/day) was less effective than methylphenidate in
managing ADHD symptoms in a sample of 50 children.

3.2.1.4. Ginseng

Ginseng has been shown to improve ADHD symptoms [37]. Ginseng, both American (Panax
quinquefolius) and Asian (Panax ginseng), is known to produce beneficial effects on the body.
Ginseng species contain a class of phytochemicals called ginsenosides, which are known as
potent antioxidants and exert neuroprotective properties [38, 39]. Ginsenosides have also been
reported to boost levels of dopamine and norepinephrine in the brain. In this sense, ginseng
may effectively alleviate symptoms of ADHD. Indeed, an observational clinical study showed
that Korean red ginseng (KRG) (Panax ginseng), given at 1,000 mg, twice a day, for 8 weeks,
improved inattentiveness in children (18 kids, ages 6–14) with ADHD [38]. In addition, a
double-blind randomized placebo-controlled trial reported that 100 mg of KRG, taken twice a
day, decreased inattention and hyperactivity scores of ADHD children (ages 6–15 years old),
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after an 8-week treatment period [39]. Side effects associated with ginseng use included
perspiration, headache, fatigue, and a degree of repulsive feeling experienced by patients due
to the unique flavor of red ginseng [38]. Thus, ginseng has the potential to be used as a
complementary and alternative therapy for ADHD, provided that its efficacy and safety issues
are resolved.

3.2.1.5. Valerian (Valeriana officinalis)

Valerian is a perineal plant that is known to have sedative and antispasmodic effects. Valerian
has been used as a treatment for insomnia, restlessness, and anxiety [12]. Its application in the
management of ADHD has also been evaluated. In a double-blind, placebo-controlled, pilot
study, it was shown that treatment with Valerian tincture for two weeks improved ADHD
symptoms in children (30 kids) aged 5–11 years old [40]. The effects of Valerian are thought to
be facilitated by the action of valerenic acid, one of its major components, on the gamma-
aminobutyric acid (GABA) A receptor. Valerian is generally safe and its use on children ages
3–12 years is approved by the European Scientific Cooperative on Phytotherapy, provided that
it is used under medical supervision [12, 18, 40]. Nevertheless, the use of valerian as an
alternative treatment for ADHD is limited by the insufficient clinical evidence supporting its
efficacy.

3.2.1.6. Ningdong

Ningdong granule (NDG) is a Chinese medicinal preparation that has been used for various
medicinal purposes for many years now. As it showed therapeutic benefits in the treatment
of Tourette syndrome [41], the effects of Ningdong were evaluated in ADHD patients.
Accordingly, Li et al. [41] performed a randomized, methylphenidate-controlled, doubled-
blinded trial, where 72 children with ADHD were given NDG (5 mg/kg/day) or methylphe‐
nidate (1 mg/kg/day) for 8 weeks. Results showed that NDG has equivalent effect to
methylphenidate in improving ADHD symptoms, but with lesser side effects. They also
reported that NDG was well tolerated by children with ADHD as revealed by blood, urine,
and stool analysis, and renal and hepatic function assessments. Interestingly, levels of
homovanillic acid, which is involved in the regulation of dopamine, in the sera increased in
the NDG group without causing any change in dopamine concentration. Thus, the authors
suggested that NDG is a promising, safe, and effective alternative therapy for ADHD.
However, more research needs to be done before NDG can be used as an alternative ADHD
treatment.

3.2.1.7. Bacopa (Bacopa monniera)

Bacopa also known as water hyssop or Brahmi is an Ayurvedic medicine that has been used
for many centuries for its positive effects on memory, learning, and concentration. Preliminary
studies have shown that Bacopa has benefits (i.e., improvement in memory and learning tasks)
in children with ADHD [12]. These findings were supported by an open-label study demon‐
strating that Bacopa extract (225 mg/day), given for a period of 6 months, significantly
alleviated the ADHD symptoms of 31 children, ages 6–12 years old [42]. The positive effects
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of Bacopa on ADHD are thought to be achieved via cholinesterase inhibition, dopamine
regulation, neuroprotective, and/or antioxidant effects [12, 42]. Bacopa was well-tolerated by
children, with only mild gastrointestinal side effects (nausea) reported [42]. Further studies
(e.g., double-blind, randomized clinical trials) are necessary to verify the efficacy of this
botanical agent as a therapy for ADHD.

3.2.2. Nutritional medicines/supplements

Studies have shown that certain vitamins and minerals may also play a role in the pathology
of ADHD. Accordingly, a multitude of vitamins, minerals, and other nutritional supplements
have been proposed as complementary and alternative treatment for ADHD [Table 2].

Supplement Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

Vitamin B6
and
Magnesium

⋅ Open study
⋅ 76 children (40 ADHD
children & 36 healthy
children)
⋅ All children were
given a magnesium-
vitamin B6 (Mg-B6)
regimen (6 mg/kg/d
Mg, 0.6 mg/kg/d vit-B6)
for 8 weeks.

Mg-B6 treatment
significantly
attenuated
hyperactivity and
aggressiveness.
School attention
was also improved.

Vitamin B6 facilitates
the production of the
serotonin.
Magnesium has been
shown to be a non-
specific inhibitor of
calcium channels, and
could act as NMDA
channel inhibitor. In
the same way, it could
also influence
catecholamine
signaling in the brain.

No reported side
effects

Mousain-
Bosc et al.,
(2006) [43]

Zinc

⋅ Randomized, double-
blind, parallel-group
placebo-controlled
⋅ 400 children 6-14 y/o
(n=202 zinc vs. n=198
placebo)
⋅ 150 mg zinc sulfate or
150 mg sucrose
(placebo) daily for 12
weeks

Zinc sulfate was
better than placebo
in decreasing
hyperactivity,
impulsivity and
improving
socialization, but
not inattention.

Deficiency in zinc is
suggested to play a
role in hyperactivity,
concentration
impairment and delay
of cognitive
development.

No serious side
effects reported.
However, metallic
taste was a
common
complaint.

Bilici M et
al., (2004)
[47]

⋅ Randomized, double-
blind, placebo-control
⋅ 44 children, 5-11 y/o
(n=22 methylphenidate

Significantly greater
treatment effects
were observed in
zinc sulfate with

Zinc regulates
dopamine function,
indirectly, through its
action on melatonin.

Nausea and
metallic taste
were frequent
complaints from

Akhondzad
eh et al.,
(2004) [46]
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Supplement Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

+zinc vs. n=22
methylphenidate
+placebo)
⋅ Methylphenidate
1mg/kg/day; 55 mg/day
zinc sulfate; sucrose
(placebo) 55 mg, for 6
weeks

methylphenidate
over placebo with
methylphenidate.

the participants.
Overall, it was
well tolerated.

⋅ Randomized, double-
blind, placebo-
controlled, pilot trial
⋅ 52 children 6-14 y/o
(n=20 Zinc_1 or n=8
Zinc_2 v. n=24 placebo)
⋅ Zinc_1 15 mg/day
(once a day) or Zinc_2
30 mg/day (twice a day)
or placebo (8 weeks);
amphetamine 5-15 mg/
daily (based on the
weight)
⋅ Duration of
experiment was 13
weeks (8 weeks
controlled + 5 weeks
amphetamine add-on)

No appreciable
difference between
both dosages of zinc
and placebo
The addition of
amphetamine to
zinc
supplementation
did not alter the
result.

Zinc is an important
cofactor in the
metabolism of relevant
to neurotransmitters,
prostaglandins, and
melatonin and
indirectly affects
dopamine metabolism.
Specific to ADHD, the
dopamine transporter
has a zinc building site
that blocks transport.

1 patient reported
gastrointestinal
discomfort.

Arnold L et
al., (2011)
[48]

Iron

⋅Randomized, double-
blind, placebo-
controlled, pilot trial
⋅ 23 children with low
serum ferritin level
( <30 ng/mL) 5-8 y/o
(n=18 iron vs. n=5
placebo)
⋅ 80 mg ferrous sulfate
tablets or placebo once
daily in the morning for
12 weeks

Iron
supplementation
significantly
improved
hyperactive/
impulsive and
inattentive
symptoms of
ADHD.

Iron is a co-factor in
the synthesis of both
norepinephrine and
dopamine. Iron
deficiency was also
strongly suggested to
correlate with ADHD
and restless leg
syndrome.

Minor side effects
were reported,
such as nausea,
constipation, and
abdominal pain.

Konofal E et
al., (2008)
[49]
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Specific to ADHD, the
dopamine transporter
has a zinc building site
that blocks transport.

1 patient reported
gastrointestinal
discomfort.

Arnold L et
al., (2011)
[48]

Iron

⋅Randomized, double-
blind, placebo-
controlled, pilot trial
⋅ 23 children with low
serum ferritin level
( <30 ng/mL) 5-8 y/o
(n=18 iron vs. n=5
placebo)
⋅ 80 mg ferrous sulfate
tablets or placebo once
daily in the morning for
12 weeks

Iron
supplementation
significantly
improved
hyperactive/
impulsive and
inattentive
symptoms of
ADHD.

Iron is a co-factor in
the synthesis of both
norepinephrine and
dopamine. Iron
deficiency was also
strongly suggested to
correlate with ADHD
and restless leg
syndrome.

Minor side effects
were reported,
such as nausea,
constipation, and
abdominal pain.

Konofal E et
al., (2008)
[49]
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Supplement Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

Essential fatty
acid
supplement

⋅ Randomized, double-
blind, placebo-
controlled
⋅ Initially, 41 children
participated but were
reduced to 29 children
due to side effects, 8-12
y/o (n=15 HUFA v.
n=14 placebo)
⋅ Highly unsaturated
fatty acid (HUFA)
supplement (daily doses:
EPA 186 mg, DHA 480
mg, γ-linolenic acid 96
mg, vitamin E 60 IU,
cis-linoleic acid 864 mg,
AA 42 mg and thyme
oil 8 mg) or olive oil
(placebo), for 12 weeks

HUFA
supplementation
significantly
attenuated ADHD-
related symptoms.

HUFA can profoundly
influence signal
transduction.

A digestive upset
and difficulty of
swallowing were
the only
documented
complaints.

Ricahrdson
and Puri B.
(2002) [53]

⋅ Open-label, proof-of-
efficacy pilot study
⋅ 9 children 8-16 y/o
⋅ 16.2 g EPA/DHA
concentrates per day.
The dosage was
adjusted dependent on
the ratio of arachidonic
acid (AA) to EPA in the
isolated plasma
phospholipids at four
weeks

High dose of
EPA/DHA
supplement
improved ADHD-
related symptoms

Children with ADHD
were found to have
low levels of LC
PUFAs, including AA,
EPA and DHA in the
plasma phospholipids,
as well as high ratio of
AA to EPA.

One participant
reported of loose
stools while
taking 30 ml of
the liquid of
EPA/DHA
concentrate per
day.

Sorgi P et
al., (2007)
[52]

⋅ Randomized, double-
blind, cross-over,
placebo-controlled
⋅ 132 children (104
completers) 7-12 y/o
( n=36 PUFAs v. n= 41
PUFA + micronutrients
v. n=27 placebo)

Significant
treatment effects
were found for
parents rating of
ADHD symptoms
in both PUFA
treatment groups
compared to
placebo.

PUFAs are key
components all cellular
and intracellular
membranes or
phospholipids,
where they perform
vital structural and
chemical functions

No reported
adverse effects.

Sinn N and
Bryan J,
(2007) [55]
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Supplement Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

⋅ Six PUFA capsules
400 mg fish oil and 100
mg evening primrose
oil or six palm oil
(placebo) capsules a
day, for 15 weeks

Single crossover
(placebo to PUFA)
for another 15
weeks reiterated
these results.
No additional
effects from
micronutrients are
noted.

Other nutrients and
vitamins are involved
in
the PUFA role of
synthesizing
prostaglandins,
chemicals
with important
biological roles in
brain function

⋅ Randomized, one-
way cross-over,
placebo-controlled
(Phase 1 double-blind;
phase 2 single blind)
⋅ 7-12 y/o
Phase 1- 132 children
with ADHD (n= not
specified) PUFA vs.
PUFA+ multivitamins/
minerals vs. placebo,
for 15 weeks
⋅ Phase 2- 109 ADHD
children (n=not
specified) all children
were given PUFA+
multivitamins/minerals
for another 15 weeks
⋅ Six active or six
placebo capsules per
day

After 15 weeks,
improvements from
the PUFA group in
their ability to
switch and control
attention compared
to the placebo
group. Similar
observation from
the placebo group
after taking PUFA
supplement from
weeks 16-30.
No significant
improvements in
other cognitive
measures, or with
additional
micronutrient
supplementation

PUFA have been
associated with
dopamine activity in
the frontal lobes of the
brain.

Slight nausea was
reported in two
patients and one
report episodes of
nose bleeding.

Sinn N,
Bryan J, and
Wilson C,
(2008) [57]

⋅ Randomized, double-
blind, single-center,
placebo-controlled (15
weeks) (phase 1)
followed by an open-
label extension (15
weeks) (phase 2)
⋅ Phase 1- 200 children
6-13 y/o

Omega-3
supplement
significantly
attenuated
hyperactivity/
impulsivity, as well
as mood/behavior
dysregulation.

Omega3 LC-PUFA has
been linked to brain
and central nervous
system functioning,
and a deficiency in
Omega3 fatty acids in
rats and monkeys is
associated with
behavioral, sensory,

No major adverse
effects
documented apart
from
gastrointestinal
discomfort, atopic
dermatitis,
hyperactivity, tics,
nausea, elevated

Manor I et
al., (2012)
[56]
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Supplement Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

⋅ 2 capsules
phosphatidylserine
(PS)-Omega 3 (300 mg
of PS and 120 mg of
EPA + DHA) or 2
capsules filled with
cellulose (placebo) 2
times/day.
⋅ Phase 2 –
⋅ 150 children all
participants received
two capsules of PS-
Omega3 daily which
provided 150 mg of PS
and 60 mg of EPA +
DHA

Sustained efficacy
were noted who
continued to
received PS-Omega
3 in the open-label
extension

and neurological
dysfunction.

serum glutamic
oxaloacetic
transaminase
(SGOT) and
tantrum episodes

⋅ Randomized, double-
blind, placebo-
controlled
⋅ 78 children 7-13 y/o
(n=39 EFA supplement
v. n=39 placebo Vitamin
C.)
⋅ EFA capsule (240 mg
of linoleic acid (LA), 60
mg of a-linolenic acid
(ALA), 95 mg of
mineral oil, and 5 mg of
a-tocopherol (as an
antioxidant) 2
times/day or Vit. C (500
mg ascorbic acid) 2
times/day, for 7 weeks

Although both
interventions
ameliorated some
ADHD symptoms,
no significant
differences were
found between the
groups.

Essential fatty acids
(EFA) are needed for
normal sensory,
cognitive, and motor
function

Well tolerated
and no adverse
effects were
reported.

Raz R,
Carasso RL,
Yehuda S
(2009) [58]

⋅ Randomized, double-
blind, placebo-
controlled
⋅ 50 children 6-13 y/o
(n=25 LC-
Polyunsaturated fatty

No apparent benefit
was noted for the
PUFA
supplementation for
the ADHD
symptoms

PUFA supplement
contains DHA. DHA is
thought to reflect the
proportion of FA in the
brain, and a decrease
of the former in the
blood might mediate

Well tolerated
and no adverse
effects were
reported.

Stevens L et
al., (2003)
[54]
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Supplement Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

acids (PUFAs) v. n=25
placebo olive oil
⋅ 8 capsules of PUFA or
placebo a day, for 4
months

the abnormal neuronal
signaling that results
in aberrant behaviors.

⋅ Randomized, double-
blind, placebo-
controlled
⋅ 54 children 6-12 y/o
(n=27 Docosahexaenoic
acid (DHA) v. n=27
placebo)
⋅ 345 mg of DHA per
day (n=32) or a placebo
capsule (n =31) for 4
months

DHA
supplementation
did not significantly
improve in any
objective or
subjective measure
of ADHD
symptoms.

There is a direct
relationship between
plasma phospholipid
DHA content and
metabolism of
serotonin and
dopamine within the
central nervous system
DHA and other
polyunsaturated fatty
acids may influence
synaptic functions
through effects on
membrane structures.

Well tolerated
and no adverse
effects were
reported.

Voigt et al.,
(2001) [60]

⋅ Randomized, double-
blind, placebo-
controlled
⋅ 40 children with
ADHD 6-12 y/o (n=20
docosahexaenoic acid
(DHA) v. n=20 placebo)
⋅ DHA group took
fermented soybean
milk (600 mg DHA/125
ml, 3/week), bread rolls
(300 mg DHA/ 45 g, 2/
week) and steamed
bread (600 mg DHA/60
g, 2/week) or placebo
foods containing olive
oil instead of DHA-rich
fish oil for 2 weeks.

DHA
supplementation
did not improve
ADHD-related
symptoms.

Levels of DHA was
significantly lower in
the serum
phospholipid fraction
in hyperactive children

No serious side
effects were
reported in the
study.

Hirayama S,
Hamazaki T,
and
Terasawa K
(2004) [59]
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Supplement Methods Results
Proposed mechanism
of action

Safety and
efficacy

Reference

Acetyl-L-
Carnitine

⋅ Randomized, double-
blind placebo-
controlled, parallel, and
multicenter
⋅ 51 children(ADHD
and Fragile X
syndrome) 6-13 y/o
(n=24 ALC v. n=27
placebo)
⋅ Acetyl-L-Carnitine
(20-50 mg/kg/day) 500
mg 2 times/day or
placebo for 52 weeks

Acetyl-L-Carnitine
significantly
ameliorated the
symptoms of
ADHD over placebo
on Clinical Global
Impressions (CGI)
parental rating, but
not on CGI teacher’s
rating.

Acetyl-L-Carnitine was
found to improve
learning and attenuate
the hyperactivity in a
rat model of neonatal
anoxia

Safe and tolerable
with no side
effects reported

Torrioli et
al., (2008)
[62]

⋅ Multi-site parallel-
group double-blind
randomized pilot trial
⋅ 112 children 5-12 y/o
(n=53 Acetyl-L-
Carnitine v. n=59
placebo)
⋅ ALC in weight-based
doses from 500 to 1500
mg 2 times/day or
placebo for 16 weeks

No significant
treatment effects to
overall ADHD
rating outcome.
Superiority of
Acetyl-L-Carnitine
over placebo in the
inattentive subtype

Acetyl-L-Carnitine
exerts mild M3
muscarinic receptor
agonism in rats,
simulating
acetylcholine release.
The compound
significantly increases
glutamatergic receptor
binding and protects
against age-related
reductions in the
GABA/benzodiazepine
receptor binding
capacity

Safe and tolerable
with no side
effects reported

Arnold L et
al., (2007)
[63]

Table 2. Nutritional medicines/supplements for ADHD

3.3. Vitamins

Vitamins have been considered as an adjunct or alternative treatment for ADHD, although no
studies have systemically evaluated their effects in ADHD patients. The use of vitamins for
ADHD has been based on the finding that multivitamin supplements improved concentration
and attention in children without ADHD [18]. In particular, Vitamin B6 (0.6 mg/kg/day)
combined with magnesium (6 mg/kg/day) improved clinical symptoms of children with
ADHD following an 8-week treatment period [43]. ADHD symptoms returned a few weeks
after treatment was stopped. The beneficial effect of vitamin B6 on ADHD has been attributed
to its ability to facilitate the production of the catecholamine, serotonin [12, 44]. In addition,
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despite not directly addressing ADHD symptoms, vitamin or multivitamin supplementation
can provide additional benefits for children with ADHD, who usually have poor dietary habits
[18]. Caution must be exercised, however, with the use of large doses of vitamins, existing as
megavitamins or megadoses, especially in young patients, considering the limited evidence
to support the efficacy of vitamins in improving ADHD symptoms [18]. Double-blind,
randomized, clinical studies are needed to substantiate the use of vitamins for the treatment
of ADHD.

3.4. Minerals

Mineral supplementation has also been proposed to be an alternative intervention for ADHD.
Mineral deficiencies have also been implicated in the etiology ADHD, and thus mineral
supplementation may be useful to correct the underlying mineral deficiency and possibly
control ADHD symptoms. In addition, minerals are cofactors in the synthesis, uptake, and
breakdown of important neurotransmitters, also implicated to play crucial roles in ADHD
symptomatology [19, 45].

Of the mineral supplements, zinc may have been the most studied and have received much
support as an adjunct treatment for ADHD [19]. Low levels of zinc have been associated with
deficits in several cognitive functions including information processing [19, 46]. Thus, zinc
supplementation may have beneficial effects on cognition and related processes. In a 12-week,
double-blind study, children supplemented with 150 mg of zinc sulfate showed reductions in
hyperactivity, impulsivity, and impaired socialization [47]. Akhondzadeh et al. [46] also
reported that zinc sulfate augmented the effect of methylphenidate in alleviating ADHD
symptoms in children. Zinc is generally well-tolerated with only minor side effects reported
(e.g., gastrointestinal discomforts and metallic taste). However, Arnold [48] showed negligible
clinical effects of zinc supplementation in ADHD patients. These discrepant results are
possibly due to differences in underlying nutritional status, genetic factors, and/or dosages of
zinc used in different studies [18]. More elaborate and comprehensive clinical studies are
required to solve these discrepancies.

Another mineral that has received special attention and has been evaluated in clinical trials
for ADHD treatment is iron. Previous studies showed that children with iron-deficiency
anemia also displayed attentional deficits [45]. Iron is a co-factor in the synthesis of both
norepinephrine and dopamine [11, 19]. A randomized, double-blind, placebo-controlled study
found that iron supplementation improved ADHD symptoms in children (23 kids, 5–8 years
old) [49]. However, in the absence of anemia, iron supplementation in children with ADHD
did not produce consistent behavioral improvements [19, 45].

Magnesium was also shown to improve ADHD symptoms. Magnesium is involved in
neurotransmitter synthesis, and some studies have even associated magnesium deficiencies
with ADHD [50]. Indeed, supplementation of magnesium and vitamin B6 in ADHD children
improved ADHD symptoms [43].

Altogether, these findings indicate that certain minerals may be helpful in the treatment of
ADHD. However, caution must be practiced when using minerals because of potential health
risks associated with intake of large dosages.
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3.5. Essential fatty acids

In recent years, there has been a lot of interest on the benefits of essential fatty acid (EFA,
e.g.,  omega-3,  omega-6)  supplementation in children with ADHD. EFA supplementation
exerted modest effects on alleviating the symptoms of ADHD [51, 52]. Richardson and Puri
[53] reported that high-dose supplementation of EFA (fish oil; 8–16 g) improved behavior
and inattention and reduced hyperactivity and defiance in children with ADHD. Another
report  also  indicated better  attention and behavioral  improvement  in  children receiving
combined  omega-3  and  omega-6  supplementation  [54].  Similarly,  Sinn  and  Bryan  [55]
reported  significant  improvement  in  ADHD  symptoms  (parent-rated  behavior  and
attentional tasks) in children given EFA for 15 weeks, versus the placebo-treated group. Of
note, other investigators have reported selective improvement (parent-reported benefits for
restless-hyperactive  symptoms  in  the  absence  of  teacher-reported  effects)  of  ADHD
symptoms in subjects after EFA supplementation [56, 57]. While the exact mechanism EFAs
in ADHD is not yet established, the efficacy of EFAs may be attributed to its effects on
brain development (e.g., cell growth, neural signaling, and effects on gene expression) [18,
51].  It  has also been postulated that  increased EFA levels  in cellular membranes impact
dopaminergic and serotonergic activity [19, 51].

Nevertheless, other studies have also reported no significant or very minimal effects of EFA
treatment in ADHD patients vs. placebo-treated group. A randomized clinical trial reported
that EFAs had minimal effects on ADHD symptoms [58]. Another study also did not find any
benefit of two month EFA supplementation in subjects [59]. In addition, Voigt et al. [60]
reported that four months of DHA supplementation (345 mg/day) did not decrease symptoms
of ADHD. In one study, omega-3 fatty acid supplements have even been associated with
worsening of inattention [19, 57].

In summary, although some studies have reported therapeutic benefits of EFA supplementa‐
tion, the current evidence for EFA as a complementary and alternative medicine for ADHD is
not yet established [61].

3.6. Amino acids

Amino acid supplements have also been considered as a complementary intervention for
ADHD. These include acetyl-L-carnitine (ALC), GABA, glycine, L-theanine, L-tyrosine,
taurine, 5-hydroxytryptophan (5-HTP), and s-adenosyl-L-methionine (SAMe) [12, 18].
However, research regarding amino acid supplementation for ADHD treatment in children
has produced inconsistent data. Various risks have been reported with their use and only short-
term benefits of the supplements have been found [18]. Most research in this field has focused
on supplementation with ALC, an amino acid derivative. A randomized, double-blind
placebo-controlled study reported that ALC supplementation significantly ameliorated the
symptoms of ADHD in 51 children, aged 6–13 years old [62]. However, a double-blind,
placebo-controlled clinical trial reported that ALC supplementation has no significant effect
on the overall ADHD population (112 children, 5–12 years old) [63].
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4. Emerging natural interventions for ADHD and other treatment options

4.1. Novel interventions: evidence from preclinical studies

4.1.1. Oroxylin A

Oroxylin A (5,7-dihydroxy-6-methoxyflavone) shows potential as a natural intervention for
ADHD. Oroxylin A is a flavonoid isolated from the root of Scutellaria baicalensis Georgi, a herb
commonly found in East Asia. It exerted antioxidant, anti-inflammatory, and anti-allergy
activities, and produced memory-enhancing and neuroprotective effects. Studies showed that
Oroxylin A in an antagonist of the γ-aminobutyric acid (GABA)-A receptor [64]. Preclinical
studies have shown that Oroxylin A or its derivative (5,7-dihydroxy-6-methoxy-4'-phenoxy‐
flavone) improved ADHD-like behaviors of the spontaneously hypertensive rat, an animal
model of ADHD [65, 66]. The beneficial effects of Oroxylin A are believed to be mediated via
enhancement of dopamine neurotransmission. Studies are underway to determine the efficacy
of oroxylin A in ADHD patients.

4.1.2. YY162

YY162 is pharmaceutical combination of terpenoid-strengthened G. biloba and ginsenoside Rg3
from ginseng. A recent study has shown that YY1612 attenuated ADHD-like conditions
induced by Aroclor1254 in mice [67]. It also exerted neuroprotective effects with negligible
behavioral side effects. These effects of YY162 were comparable to those produced by meth‐
ylphenidate. The positive effects of YY162 on ADHD-like behavior are believed to be mediated
through its antioxidant properties and its ability to positively modulate the dopamine and
norepinephrine transporters. Studies on the effects YY162 in patients with ADHD would be
invaluable to determine its worth as an ADHD medication.

4.2. Combination treatment and integrative approaches

Because ADHD is a multifactorial disorder, a multi-modal approach may prove effective in
managing ADHD symptoms. A recent and growing trend in the management of ADHD is the
combination of various ADHD treatment options (e.g., medication and behavioral therapies)
also referred to as combination therapy, integrative, or multi-modal approach. Multi-modal
approaches are highly recommended because it is believed to provide a more “holistic” and
patient-specific approach.

Due to that fact that stimulants are the most widely used treatment for ADHD, most multi-
modal approaches practiced or studied employed the use of a stimulant drug coupled with a
behavioral/psychosocial therapy. In a landmark randomized clinical trial known as the
Multimodal Treatment Study of Children with ADHD, it was shown that the combination
behavioral and medication interventions was superior compared to the individual effects of
its component [68]. However, this did not go uncontested because other large-scale and long-
term clinical trials have reported contradicting results [4].
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invaluable to determine its worth as an ADHD medication.

4.2. Combination treatment and integrative approaches

Because ADHD is a multifactorial disorder, a multi-modal approach may prove effective in
managing ADHD symptoms. A recent and growing trend in the management of ADHD is the
combination of various ADHD treatment options (e.g., medication and behavioral therapies)
also referred to as combination therapy, integrative, or multi-modal approach. Multi-modal
approaches are highly recommended because it is believed to provide a more “holistic” and
patient-specific approach.

Due to that fact that stimulants are the most widely used treatment for ADHD, most multi-
modal approaches practiced or studied employed the use of a stimulant drug coupled with a
behavioral/psychosocial therapy. In a landmark randomized clinical trial known as the
Multimodal Treatment Study of Children with ADHD, it was shown that the combination
behavioral and medication interventions was superior compared to the individual effects of
its component [68]. However, this did not go uncontested because other large-scale and long-
term clinical trials have reported contradicting results [4].
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Very few studies have evaluated the effects of medication and/or behavioral therapy combined
with a nutritional/botanical component. Notably, Akhondzadeh et al. [46] performed a
randomized, double-blind, trial evaluating the effects of zinc sulfate as an adjunct to methyl‐
phenidate. The result showed that the zinc enhanced the effects of methylphenidate in children
(ages 5–11) with ADHD. This study stands as an example that natural products are very
promising when used with other ADHD treatments.

5. Conclusion

There are a number of available treatment options for ADHD, however, some of them may
pose risks to patients [18]. The botanical agents discussed in this study appear to be promising
ADHD treatments considering their therapeutic effects and negligible negative side effects. Of
the botanical agents reviewed, Pycnogenol is the most studied, widely supported, and
promising ADHD treatment. Nutritional supplements are also generally considered safe, and
among them, EFAs stand out as potential ADHD interventions. Although the use of natural
medications for ADHD has been considered as a “safer” approach, natural products are still
far from being called as standard ADHD treatments due to the lack of comprehensive and
appropriately controlled clinical studies that interrogate both their efficacy and safety. Thus,
more rigorous, appropriately designed clinical trials are required prior to establishing their
worth as ADHD drugs.
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