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Preface

Attention Deficit Hyperactivity Disorder is one of the most widely diagnosed behavior
disorders in childhood, with a worldwide pooled prevalence of 5.29 % (Polanczyk et
al.,, 2007). It is also one of the most controversial diagnoses with concerns raised about
whether it is a cultural construct or a neurobehavioral disorder (Barkley et al., 2004,
Timimi et al., 2004) and whether it is over diagnosed or under diagnosed. The
treatment of ADHD is also a matter of ongoing research and debate, with considerable
data supporting both psychopharmacological and behavioral approaches. Researchers
continue to search for new interventions to be used in conjunction with or in place of
the more traditional approaches. These interventions run the gamut from social skills
training, to cognitive behavioral interventions ,to meditation to neuropsychologically-
based techniques.

This goal of this volume is to explore the state-of-the-art in considerations of the
treatment of ADHD around the world. The 16 chapters in this volume represent the
work of 27 researchers in countries spanning the globe from Iran to Columbia,
Denmark to South Africa , and the United States. Some of the chapters in this book
provide a new way of looking at well-established treatments while others examine
treatments that are seeking the confirmation of the research community. This broad
survey covers issues related to comorbidity that affect the treatment choices that are
made, the effects of psychopharmacology, and non-medication treatments, with a
special section devoted to the controversial new treatment, neurofeedback.

The first section of the book provides an overview of treatment of ADHD and
comorbid conditions that may be of concern. Chapter 1, “ADHD in Children and
Adolescents: A Good Practice Guidance” provides a summary of the assessment and
diagnosis of ADHD. It also concisely describes the management of the disorder,
covering such topics as choices and safety in medication, non-medicinal treatments,
and a consideration of how comorbid conditions may affect treatment. Chapter 2,
“ADHD and Comorbid Conditions,” examines in more depth the identification and
treatment of psychological problems that are associated with ADHD, such as
depression, anxiety, bipolar disorder, and oppositional defiant disorder. Chapter 3,
“Comorbidity in ADHD: A Neuropsychological Perspective,” takes a different
approach to the issue from the first two chapters by examining the subtypes of ADHD
as related to different neuropsychological profiles. These profiles are in turn related to
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different comorbid cognitive and behavioral conditions. The final chapter in the first
section, “ADHD and Sleep Problems in Children,” focuses on the need for the
consideration of sleep problems in children with ADHD because of the overlap
between the two categories and the implications for treatment of ADHD.

The second section of the volume examines the psychopharmacological treatment of
ADHD. Chapter 5, “The Neuropsychology of Stimulants: Dopamine and ADHD,”
examines how dopamine’s role in ADHD is related to the action of psychostimulant
medications, as well as the role of other neurotransmitters and other medications.
Chapter 6, “Trends in the Prescribing and Adverse Drug Reaction Patterns of
Psychostimulants among Danish Children and Adolescents,” takes advantage of the
availability of data regarding the individual use of medication in Denmark to explore
both changes in prescription rates over a 10 year period and the prevalence of adverse
reactions to the various medications. Chapter 7, “Do Stimulant Medications for
Attention Deficit Hyperactivity Disorder (ADHD) Enhance Cognition?,” reviews the
research on this topic and presents the authors” own data that indicate that, though
stimulants improve attention and concentration, changes in other areas of cognitive
and academic functioning are inconsistent such that stimulants do not appear to
improve learning. Chapter 8, “Motor Skills in Children with ADHD: Comparative
Study from the Pharmacological Treatment,” summarizes the literature indicating that
50 % of children with ADHD have motor skill problems and describes the authors’
own research. Although such problems are common, the effect of medication and
exercise on ADHD symptoms and motor disturbance remains unclear. Chapter 9,
“Methylphenidate and Dyslipidemia,” examines the relationship between the drug
and lipid profiles, concluding that methylphenidate is related to some positive
changes in total cholesterol and lipoproteins.

The third section of the book moves from psychostimulants to an examination of non-
medication treatments. Chapter 10, “Non-Medication Treatments of ADHD,” provides
an overview of a variety of interventions, summarizing the techniques and research
regarding efficacy. Chapter 11, “ADHD and Stress: The Role of Meditation to Reduce
Stress, and Improve Brain Function and Behavior Regulation,” reports the results of two
studies examining Transcendental Meditation’s effects on ADHD symptomatology that
indicate that children with ADHD are able to learn the technique and that meditation
may reduce stress and improve executive functions. Chapter 12, “The Value of Coached
Behavior Modification in the Effective Management of Attention Deficit Hyperactivity
Disorder (ADHD),” describes research supporting the use of coaches in the treatment of
ADHD. Such coaches are not replacements for therapists, but come alongside those with
ADHD to help them learn to manage the practical challenges that arise in the pursuit of
goals. Chapter 13, “Distractor or Noise? The Influence of Different Sounds on Cognitive
Performance in Inattentive and Attentive Children,” reports the results of a study
examining the differential response of children with and without inattention symptoms
to background auditory noise. The authors report that such noise improves cognitive
performance in children with inattentive symptoms and provide a theoretical framework
for understanding this phenomenon.



Preface

The final section of the book explores the fairly new field of neurofeedback.
Neurofeedback, which uses quantitative EEG in biofeedback training, is a
controversial technique. Critics point to the lack of controlled research on the topic,
but it remains popular with practitioners and clients. Grants investigating the
technique are currently funded by the National Institutes of Health. Clearly, more
research on this technique is needed and, in that spirit, three chapters here address
neurofeedback. Chapter 14, “QEEG Characteristics and Biofeedback Modalities in
Children with ADHD,” describes the use of QEEG in the diagnosis of ADHD, with
results from a study highlighting the differences among subgroups of the disorder.
The chapter also provides a brief overview of neurofeedback for ADHD. Chapter 15,
“EEG Findings in ADHD and the Application of EEG Biofeedback in Treatment of
ADHD,” provides a more extensive description of EEG biofeedback, including
summaries of the treatment protocols. Chapter 16, “The Effect of Psycho-Educational
Therapy on Electroencephalographic Biofeedback Scores in Attention Deficit
Hyperactivity Disorder,” reports the results of a study examining the effect of a
combination of neurofeedback and a cognitive-behavioral academic intervention. They
found that a combination of treatments accelerated the improvement in brain activity.

Overall, the chapters presented here tap intomuch of the breadth of this field. I believe
that there is something in this volume for everyone interested in the treatment of
ADHD, from students examining the topic for the first time to researchers and
practitioners looking for inspiration for new research questions or potential
interventions. I hope that the chapters spark new thoughts and, perhaps, debates.

This book is the result of the work of many individuals. I am particularly grateful for
the assistance of Ms. Adriana Pecar and Mr. Igor Babic for their assistance in
coordinating this book. I also thank all of the authors who contributed to this volume.

Jill M. Norvilitis
Department of Psychology,
Buffalo State College,
Buffalo, NY 14222,

USA
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Part 1

Treatment Considerations






ADHD in Children and Adolescents:
A Good Practice Guidance

Somnath Banerjee

Community Paediatrician, East Kent Hospitals University NHS Foundation Trust,
Convenor, UK George Still Forum (National Paediatric ADHD Interest Group)
United Kingdom

1. Introduction

The syndrome of restless, inattentive, and impulsive behaviour known as Attention Deficit
Hyperactivity Disorder (ADHD) or Hyperkinetic Disorder (HKD) is a common
neurodevelopmental problem in children and adolescents. Children affected with this
disorder are at risk of academic failure, substance abuse, and criminality in adolescence and
adulthood. ADHD is a reflection of an underlying deficit that may have several ultimate
causes such as genetic predisposition, psycho-physiological factors and psychological
dysfunction, but a common pathway at the behavioural level (Hill & Cameron, 1999). By
labelling children with difficult behaviour as suffering from a disorder, we make it easier to
treat and this carries with it the danger of over-diagnosis (Orford, 1998). On the other hand,
under-diagnosis is also an issue (Dopheide, 2001).

2. Incidence

Prevalence of ADHD estimates that 3 to 7% children would meet the criteria of Diagnostic
and Statistical Manuel-IV (DSM-1V) of American Psychiatric Association’s diagnostic criteria
(APA, 1994). The ratio of boys to girls is between 3:1 and 9:1 but this may decrease with age
(Swanson et al., 1998). Part of the difference between sexes may be referral bias (Beiderman
et al., 1996). Follow-up studies of children with ADHD find that 15% still have the full
diagnosis at 25 years, and another 50% are in partial remission, with some symptoms
persisting (Faraone et al., 2006).

3. Aetiology

No genetic marker has been identified in children with ADHD. Neuroimaging studies
confirm abnormalities in those regions of the brain that are implicated in ADHD (Swanson
et al., 1998; Castellanos et al., 2002). These studies report significantly smaller asymmetrical
prefrontal and basal ganglia structures, in children with ADHD. Correlations of magnetic
resonance imaging-based anatomical measures and specific-task performance in children
suggest that the right prefrontal cortex is involved in inhibiting attentional and behavioural
responses, whereas the basal ganglia seem to be involved in the execution of these responses
(Konrad & Eickhoff, 2010). One third of affected individuals have at least one parent who
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suffers from similar symptoms. ADHD is also associated with low birth weight (<1500g);
tobacco and alcohol use during pregnancy (SIGN, 2001). Although ADHD is highly
heritable, no specific susceptibility gene has been identified (Franke et al., 2009).

4. Symptoms

The symptoms of ADHD are excessive and impairing levels of activity, inattention, and
impulsiveness. Children have great difficulty remaining seated when required in structured
situations such as in the classroom or at the dinner table. They fail to pay attention to
instructions in academic and social situations. The difference between ADHD and normal
behaviour is the degree of impairment. The alarming signals may be a child who is
academically under-achieving because of his/her behaviour, despite having a normal
intellect or a child exhibiting behaviour problems both at home and in school, which are
considerably worse than would be expected for the standard of parenting and home
environment. The symptoms of ADHD change through out the lifecycle. Hyperactivity and
impulsivity may decrease as patients get older but the demands on their attention may
increase.

5. Assessment

Concern about the future quality of life is heightened when parents observe their children
struggling behaviourally at home, academically in school and socially on the playground.
When told that a child has ADHD, parents are relieved by finding a reason for their child’s
difficulties. The diagnosis confirms that it is not their fault. Not all children and young
people presenting with difficult behaviour will warrant a specialist referral. This depends on
the severity of child’s difficulties. ADHD can be provisionally diagnosed in preschool
children but it should be confirmed after the child has started school. Some argue that
problems with inattention, hyperactivity and impulsivity are the results of cultural
phenomena (Block, 1977). Yet this point of view appears to be changing with the acceptance
of ADHD as a cross-cultural disorder (Sandberg, 1996). Some children are inherently more
inclined to be inattentive, impulsive and hyperactive than others. Such traits may run in
families e.g. parents, siblings, and extended family members and there seems to be a genetic
predisposition to them. Mental traits can be inherited just as height and weight. What we
are dealing with are normal human variations that are only understood as being disorders
when they are in conflict with cultural expectations and norms. The rating scales are an
essential tool to obtain information but are not a substitute for a diagnosis. Reports from
parents and teachers may not agree on the types of behaviours. This does not mean they are
necessarily inaccurate; it may be attributed to the fact that the parents and the teachers are
seeing the children in different settings. There are many rating scales available, most of which
have been developed in the USA. The assessment should include information gathering. Apart
from obtaining the completed rating scales, information should be obtained from the school
about peer relationship and the child’s academic progress. Information is gathered about
child’s current difficulties; family and social history; child’s developmental and medical
history and the educational progress. While interviewing parents, one needs to obtain a
comprehensive knowledge of each parent’s medical and psychiatric history. Family situations,
such as a single working parent, separated or divorced parents, or reconstituted families
where one or both parents have remarried, all affect the child.



ADHD in Children and Adolescents: A Good Practice Guidance 5

5.1 Medical assessment

Since symptoms of ADHD can occur due to a wide variety of underlying conditions, a
comprehensive approach to the evaluation of a child with ADHD is recommended (Reiff et
al, 1993, AACAP, 1997)). Medical assessment should include a perinatal history,
behavioural/developmental history, family history (SIGN, 2001) and a physical examination
for any contraindications for possible medication use, such as some cardiac dysrhythmias.
Perinatal history should include about pregnancy and birth, maternal exposure to drugs,
alcohol and smoking cigarettes, cannabis etc and high-risk pregnancy (e. g. prematurity,
LBW). Behavioural/developmental history should include developmental milestones,
difficulty engaging in quiet play and problems with obeying commands. Family History
should include history of ADHD, drug or alcohol abuse, psychiatric illnesses, problems with
the law, specific precipitant where symptoms can be dated, events precipitating ADHD
symptoms such as neglect, physical or sexual abuse, parenting issues and cardiac
arrhythmias or sudden death especially in 35 years or younger age, home Environment (key
caregivers, frequent moves or frequent change in foster care, frequent changes of school,
home environment and family dynamics e. g. single family, same gender partners),
interpersonal relationship/s in the family, Poor or crowded housing. History should be
obtained about time spent on TV-watching, computer and video games. History should also
be obtained about peer relationships, academic under-achievement, truancy, does the child
enjoy school, ask the school age child if she/he thinks she/he has trouble concentrating,
review current school report as well as those from earlier years and psychometric evaluation
by education psychologists for cognitive abilities and academic achievement levels. History
of sleep pattern needs to be obtained. Eating History should include appetite and eating
habits and joining the other members for dinner. Physical examination is done to document
a baseline growth parameters (height and weight) which should be plotted on a centile chart
and at each follow-up visit if the child is prescribed medication, blood pressure and pulse
rate are recorded and plotted on the centile chart, cardiac examination including
auscultation for murmurs and femoral pulses, dysmorphic features suggestive of Fetal
Alcohol Syndrome (FAS) or other genetic conditions, cutaneous stigmata, such as café au
lait spots, bruising or other evidence of injury, tonsillar hypertrophy suggestive of mouth
breathing, neurologic exam and age-appropriate mental status exam, tics, play skills
(particularly problem solving), observing the child/parent interaction, co-ordination tasks
and handwriting, menstrual/pubertal status in adolescents and if deemed necessary,
psychological assessment. The assessment process should take account of the other
conditions, which may better account for the challenging behaviour (AACAP, 1997). These
might include medical disorders such as sleep apnoea, seizure disorders, developmental
disorders (e. g. Intellectual disability (Learning disability, LD ), Specific Learning Difficulty
(SpLD) formerly dyslexia and Developmental Coordination Disorder (DCP) formerly
dyspraxia), brain injury, use of other medications (e. g. anti-epileptic drug) or sensory
impairments; mental health disorders such as Oppositional Defiant Disorder
(ODD)/Conduct disorder (CD), anxiety/depression, adjustment disorder, attachment
disorder or substance abuse. Other conditions include Autism Spectrum Disorder (ASD)
and the normal active preschool child. In addition to the history mentioned above,
evaluation of an adolescent should also include eliciting history regarding use of alcohol
and drugs, cigarette smoking, number of accidents and speeding tickets, sexual activity and
spending history. The above assessments are not indicative of ADHD but may help to rule
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out the possibility of other under-lying medical or developmental conditions mimicking
ADHD symptoms.

6. Guidelines

The guidelines for assessment and treatment have been issued by American Academy of
Child and Adolescent Psychiatry (AACAP, 2007), the American Academy of Pediatrics
(AAP, 2001), the European Guidelines (Taylor et al., 2004, Banaschewski et al., 2006),
National Institute for Health and Clinical Excellence (NICE, 2008) and the Scottish
Intercollegiate Guideline Network (SIGN, 2004). While there is a degree of consensus among
these publications, there seems to be some international difference such as NICE
recommends drug treatment in severe ADHD, whereas the American guidelines advice to
start medication and later other management strategy may be considered (CADDRA, 2010).

7. Diagnosis

ADHD is a clinical diagnosis for which there are no tests. It is important to gather the
information from parents/carers and school. The diagnosis is made by using the diagnosis
criteria either of DSM -1V (APA, 2000) or ICD -10 (WHO, 1992). Both major systems of
classification identify identical 18 symptoms (table 1).

Inattention (IN) Hyperactivity (H) Impulsivity (IMP)
Fails to attend to details Fidgets with hands or
feet
Difficulty sustaining attention | Leaves seat in
classroom
Does not seem to listen Runs about or climbs
Fails to finish Difficulty playing
quietly
Difficulty organising tasks Motor access (on the
go, in DSM-1V)
Avoids sustained effort Talks excessively Talks excessively (ICD-10)
(DSM-1V)
Loses things Blurts out answers to
questions
Distracted by extraneous Difficulty waiting turn
stimuli
Forgetful Interrupts or intrudes on
others

Table 1. Symptom domains for ADHD in DSM-IV and ICD-10

7.1 Differences between the two major diagnostic manuals (table 2)

7.1.1 In the symptom domains of Inattention, Hyperactivity, and Impulsivity; an ICD-10
diagnosis of HKD needs some symptoms from all three groups whereas DSM-IV ADHD
does not, but instead specifies subtypes if symptoms are from only one domain. HKD is
broadly similar to severe type of ADHD.
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7.1.2 Because of the high rate of conduct disorder, ICD-10 uses the presence or absence of
conduct disorder as the basis for the main subdivision of HKD. DSM-IV does allow the
diagnosis of conduct disorder as a comorbid condition.

7.1.3 Another difference between the two classifications is the use of other conditions as
exclusion criteria. ICD-10 aims at a single diagnosis. DSM-IV aims to recognize, as many
diagnoses as there are symptoms.

Six or Six or more from IN domain, three or more from

HKD (ICD-10) H domain and one or more from IMP domain.

ADHD & subtypes (DSM-IV)

Combined type Six or Six or more from IN domain and six or more
from the H / IMP domain.

Inattentive type Six or Six or more from IN domain and less than six
from H / IMP domain+/- H / IMP less than 6

Hyperactive/Impulsive Six or Six or more from H / IMP domain and less than

six from IN domain.

IN: Inattention; H: Hyperactivity; IMP: Impulsivity
Table 2. HKD diagnosis and ADHD diagnosis subtypes

7.2 Limitations of diagnosis criteria

Although the DSM-IV and ICD-10 are widely used as diagnostic tools, there are a number of
limitations (AAP, 2000).

7.2.1 The numbers of symptoms required to make the diagnosis of ADHD / HKD does not
vary with the severity of the symptoms or with the age. Therefore an older child with a few
severe symptoms may not meet the diagnostic criteria, whereas a younger child with many
less severe symptoms may meet the criteria, even though the former may experience more
functional impairment. For a child with few severe symptoms, the diagnosis of ADHD not
otherwise specified that is included in DSM-IV may be used, but the manual provides no
criteria for when to make this diagnosis.

7.2.2 The requirements that symptoms occur in at least two settings can be problematic at
times. It may hinder the diagnosis for children who may have significant difficulties with
attention in school but do not have problems at home.

7.2.3 Although the criteria include symptoms be present before 7 years is useful in
highlighting that ADHD rarely is the correct diagnosis when inattention, hyperactivity, or
impulsivity is occurring for the first time in adolescence or in adulthood; however, it may be
problematic in excluding children whose limited attention spans becomes more noticeable
when they start secondary school because of increased school and home work.

7.2.4 The terms "significant" and "some impairment" are subjective and unclear.

7.2.5 The diagnosis is also environmentally dependent, which explains why clinicians will
see differences in the child's behaviour between school and home settings.
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7.2.6 It is a challenge to make a diagnosis when there are no explicit criteria for defining
what is typical for a particular age?

7.2.7 Currently the major diagnosis criteria are only applicable to adolescents up to 18 years
of age. There are no diagnosis criteria for adults.

8. Management

Following diagnosis of ADHD, written information and available option of various
management strategies, website addresses, and contact details of the local support groups
should be given to the parents and the child's school regarding the condition and its
management. Parents/carers should be informed that ADHD is a neuro-behavioural
condition with a possible genetic aetiology which is the result of low or imbalanced levels of
specific neurotransmitters in certain areas of the brain. Abnormally low levels of these
neurotransmitters are associated with the impairments that are the hallmarks of ADHD. The
need to rule out other possible diagnoses should be explained. Subsequently various
treatment options need to be explored. Ensure that the patient and family have had an
adequate opportunity to be educated about ADHD (CADDRA, 2010). Do ask the family to
find out more about ADHD through reputable websites and recommended reading. They
need to be informed of the symptoms that indicate a diagnosis and the aims and rationale
for treatment (with an understanding that no medication eliminates all the symptoms of
ADHD and that other strategies are also indicated as part of management). There needs to
be a discussion of the risks and benefits of the advised therapy and the alternatives. There
should also be discussion regarding the potential risks of no therapy. It is important to
describe to the parents the findings obtained from the assessment, including a clear
statement about the diagnosis and the basis on which the diagnosis is made. The family
should be told that a copy of the clinic letter, with their consent, will be sent to the school.

The child’s surroundings should support routines and decrease distractions. Consistent age-
appropriate limit setting is important. Retaining a positive, enjoyable relationship with their
child improves the child’s self-esteem. Thus, doing things that the child enjoys is important.
Parents/carers need to help the child to develop appropriate social behaviours with peers
and adults. Whenever possible, an attempt should be made to work with both parents so
that they are consistent with each other in their approaches. Family support should aim to
improve relationships within the family, promote parental empowerment and develop
strategies to manage behaviour, e.g. through a parenting group. In addition, families should
be advised of ADHD parent support groups existing in their area. In many cases careful
management of behaviour and advice to parents and teachers and working with the child to
control impulsiveness and maintain concentration may be sufficient to manage the problems
(AAP, 2001). Where these are not deemed to be sufficient, medication may be tried. Liaison
with the school should help inform behaviour management strategies within the classroom.
Further support from behaviour specialist teachers may be sought where necessary. The
child’s school and the school nurse should be notified at the start of medication. Any change
of the dosage must be notified to school and school nurse by the prescribing doctor, rather
than simply being relayed to them by the parents or the child. Individual counselling or
group work may be offered to the child to address issues of low self-esteem as well as to
promote social skills and the peer relationships and offer skills in the area of anger
management. Time should be spent with the child/young person to help them understand
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what ADHD is and if medication is to be used, how it works and its side effects. In the more
severe cases, and usually following behavioural interventions, a trial of medication may be
considered. ADHD is a chronic condition requiring access to long-term treatment and
support, sometimes over many years. However, the level and type of support needed can
vary. The principal aims of treatment are to promote the child's development and to reduce
secondary difficulties.

8.1 Non psychopharmacolical interventions

This treatment is a non-drug intervention and is recommended in mild and moderate
degree of severity of ADHD (NICE, 2008). The therapist consults with parents and teachers
to train them to change the learning environment for the child. It means to physically
calming the child, to enable them to stay still, even in a group. The goal is to teach parents
and teachers to use rewards and punishment consistently and effectively. Together with the
therapist, the parents and teacher find rewards that will motivate the child to work. Group
based parenting programmes can help parents/carers to develop their skills and boost
confidence in managing challenging and difficult behaviour of their children. Some
parenting programmes include Incredible Years, which use Webster Stratton programme for
parents of children aged 2 - 8 years (Incredible years), Triple P for parents and the
programme run by barnardo’s (Barnardo’s). Using effective communication skills to
develop a loving, guiding, limit setting, consequence providing that rewards the desired
behaviour and eliminates the undesired behaviour is the long term aim of non
psychopharmacological intervention.

8.2 Medications

Adyvice and support about the child’s self esteem, peer group progress, academic progress
and family relationships will also be required even if medication is used. A positive
response to medication is not diagnostic and a good response to drugs does not validate the
diagnosis. The presently available medications are symptomatic therapies; they are not able
to cure the condition. Medication aims to reduce the core symptoms and to improve the
effectiveness of other interventions. Medication treatment should focus on behavioural
improvement and not on getting better grades in school; grades may be the net result of a
many factors, including learning disabilities, motivation and family attitudes.

Drugs used in the treatment of ADHD are grouped into two major categories: stimulants
and non stimulants. Methylphenidate (MPH) and Atomoxetine (ATX) are not licensed for
use in children less than six years of age or in adults. ATX is licensed after 6 years of age and
may be continued in adulthood where they have been started in adolescence.
Dexamfetamine (DEX) may be prescribed after 3 years of age. Stimulants (MPH and DEX)
are not licensed for children with marked anxiety, agitation or tension, symptoms or family
history of tics or Tourette’s syndrome, hyperthyroidism, angina or cardiac arrhythmia,
glaucoma or thyrotoxicosis. Stimulants are controlled by the Misuse of Drugs Act 1971 and
are subject to the regulations for Controlled Drugs. For details the practitioners are advised
to consult the European treatment guidelines (Taylor et al. 2004, Banaschewski et al, 2006).
Parents should have been explained the advantages and disadvantages of various available
drugs. Concerns and questions parents may have regarding both effects and side effects
need to be addressed. An explanation of what medication can and cannot do, and what
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other interventions are available should be given. Parents/carers should be told that not
every medication is suitable for every patient. The guiding principle of drug intervention is
to achieve the optimum response with the lowest dose possible that does not give side
effects. Therefore, start with a low dose and gradually increased until the maximum
recommended dose level is reached or target symptoms have improved or side effects
appear. There are recommendations for dosing for different medications in accordance with
their licenses. Where there are comorbidities, additional or multiple medications may be
used. The summary of product characteristics (SPC) contains specific advice about a drug.

The most important development in ADHD occurred in 1937 with the discovery of the
beneficial effect of DEX on attention and behaviour among children (Bradley, 1937). The
main breakthrough came in 1957 with the introduction of MPH and subsequently numerous
trials confirmed safety and efficacy of stimulants (Laufer, 1971; Eisenberg, 1972). The
mechanism of action of both the stimulants; DEX and MPH is similar; they act principally as
inhibitors of the dopamine-uptake mechanism in the brain. DEX, in addition, promotes the
release of this neurotransmitter, thus stimulating dopaminergic mechanisms. The stimulants
also act on norepinephrine-containing neurones to promote an increased release of this
monoamine. The most extensively used and researched stimulant is MPH, a derivative of
DEX which has a rapid onset of action, short half-life. Dosage and frequency requirements
vary with each individual child and are independent of the weight or the age. Stimulants are
rapidly absorbed and easily cross the blood- brain barrier. If there is a lack of improvement
or substantial side effects, another ADHD drug may be considered another (e.g., MPH vs.
DEX). If a patient is responding well to one medication, it is advised that another medication
should not be tried to see if there is a better response. Table 3 describes the properties of the
ADHD drugs.

Agent Onset |Maxeffect | Duration | Half-life | Dosage/day
Short-acting MPH!
MPH-IR?2 20-30 min 1-2 hrs 3-5 hrs 2-3 hrs 2.5-60 mg
DEX3 20-60 min 1-2 hrs 6 hrs 4-6hrs 1.25-40 mg
Long-acting MPH
Concerta XL% 20-30 min 2 hrs 12 hrs 3.5 hrs 18-54 mg
Equasym XL 20-30 min 1-2 hrs 8 hrs 2 hrs 10-60mg
Medikinet XL 20-30 min 1-2 hrs 8 hrs 2 hrs 10-60mg
MPH-SR5 1-3 hrs 2 hrs 5-6 hrs 2-6 hrs 20-60mg
Non stimulant
ATXe6 1wk 1- 2 hrs 24 hrs 3.6 hrsin |0.5mg/kg x7
rapid days; then
metabolis | 1.2mg/kg;
ers max
100mg/day

MPH!= methylphenidate, MPH-IR?= methylphenidate-immediate release, DEX?= dexamfetamine,
Concerta XL*= licensed up to 54 mg per day, MPH-SR> = methylphenidate slow release,
ATXé=atomoxetine

Table 3. Properties of ADHD drugs.
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8.2.1 Medications

The license status of ADHD medications varies in the different European countries. On
average the drugs licensed and available in different European countries are:
Methylphenidate immediate release (IR) available as 5, 10 and 20mg tablets (5 and 20mg
only available as Medikinet and methylphenidate tablets).

Medikinet® XL (methylphenidate SR) available as 5, 10, 20, 30, and 40mg capsules.
Equasym® XL (methylphenidate SR) available as 10, 20 and 30 mg capsules.
Concerta® XL (methylphenidate SR) available as 18, 27 and 36 mg tablets.
Dexedrine® (Dexamfetamine) available as: 5 mg tablets.

Strattera® (atomoxetine) available as 10, 18, 25, 40, 60 and 80mg capsules.

8.2.1.1 Methylphenidate Immediate Release (MPH IR)

MPH is a central nervous system stimulant. The maximum recommended dosage is 0.7 mg
per Kg per dose or 2.1 mg per Kg daily in divided doses. It is licensed from six years to
eighteen years of age. MPH IR is active for about four hours after the last dose taken.

8.2.1.2 Methylphenidate sustained release (MPH SR)

Recently, there is an influx of sustained release stimulants. The first one that came in the
market is OROS MPH, or Concerta XL (Tri-layer capsule-shaped tablets). This tablet has an
osmotic membrane and overcoat of MPH, has two compartments for MPH, and a push
compartment. It also has a laser-drilled hole that allows the release of medication at a pre-
specified pace. This medication was developed to replace 3 doses of immediate-release MPH
given 4 hours apart; therefore, this drug is active for about 12 hours. The tablet shell may
appear in the faeces 20% MPH is excreted due to an osmotic pump action and therefore 18
mg tablet gives 15 mg IR The second MPH reformulation that came to market is marketed as
Equasym XL which has a 30% short-acting bead, 70% long-acting bead. It is a Biphasic
Release Bead-Delivery System drug. This medication was designed to replace 2 doses of
MPH. It is advised to swallow whole or empty capsule contents onto one spoonful of apple
sauce or similar soft food such as yoghurt The third MPH compound that came to UK
market is called Medikinet XL. It has Bimodal Release for Once-Daily Dosing and has a 50%
short-acting bead, 50% long-acting bead, so this medication is designed also to work for 6 to
8 hours to cover the school day. This capsule is either swallowed whole or capsule content
can be emptied onto one spoonful of apple sauce or similar soft food Table 4 describes the
immediate and extended release proportions of MPH. Ritalin slow Release (Ritalin SR) is
not licensed in UK, but sometimes used. It is available as 20 mg tablets.

Concerta XL © Equasym XL @ Medikinet XL®

Tablet |IR22% |ER78% |Capsule |IR 30% |ER70% |Capsule |IR50% |ER 50%
- - - 10 mg 3mg 7mg |10mg 5mg [5mg
18 mg 4mg |14mg 20 mg 6 mg 14 mg |20mg 10mg |10mg
27 mg 6mg |2l mg 30 mg 9mg 2l mg |30 mg 15mg |15mg
36 mg 8mg |28 mg 40 mg 812mg |28 mg |40 mg 20 mg |20 mg
45 mg 10mg |35mg 50 mg 15 mg 35mg |50 mg 25mg |25 mg
54 mg 12mg |42mg 60 mg 18 mg 42mg |60 mg 30mg [30mg

Table 4. Relative proportions of Immediate-Release (IR) and Extended-Release (ER)
methylphenidate
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8.2.1.3 Dexamfetamine (DEX)

DEX is also a central nervous system stimulant. Its effect and adverse event profile are
similar to MPH. The initial dose may be 2.5mg once or twice daily and increased if
necessary by weekly increments of 5-10mg in the daily dose. The maximum licensed dose is
40mg daily in divided dosage.

8.2.1.4 Safety of stimulant medications

Although some parents express concern that stimulants may cause drug abuse or
dependence, a review of long-term studies of stimulants and substance abuse showed that
drug abuse was less likely in children with ADHD who were treated with stimulants
compared with those who were not (Wilens et al., 2003). Patients or parents/carers, who are
at risk for substance abuse/drug-diversion, should not be prescribed short-acting stimulants
until precautionary measures have been put. One of the most common reasons for non-
compliance is related to a lack of awareness or understanding of the side effects and lack of
liaison between the clinician and parents. The common side-effects reported with MPH are
insomnia, decreased appetite, pain in abdomen and headache. They are often mild and
transient, and may be alleviated by reducing or adjusting the dosage. =~ Many parents
complain that their children are 'picky eaters'. In addition, both stimulant and non-stimulant
ADHD medication can further suppresses appetite. Moreover children with ADHD may not
sit still long enough to finish their meals. Common sense dictates that while balanced diet is
not likely to cure ADHD, nutritious food would improve overall health, and thus indirectly
benefit behaviour and attention. Unwanted effects of appetite suppression can be avoided
by advising the drug to be taken after breakfast and lunch. Problems with sleep are a
common complaint among ADHD patients. A decrease in sleep quality and/or quantity
may lead to worsening of behaviour. It is therefore important to screen for sleep difficulties.
The acronym BEARS (Owens & Dalzell, 2008) is useful for this purpose: Bedtime resistance
and delayed sleep onset, Excessive day time sleepiness, Awakenings during night,
Regularity, pattern and duration of sleep and Snoring and other symptoms of sleep-
disordered breathing. The causes of sleep problems include anxiety, ODD, sleep disorders
(Obstructive Sleep Apnoea, Delayed Sleep Phase Syndrome (DSPS) and Restless Leg
Syndrome). Stimulants may increase the difficulty of falling asleep. In DSPS, teenager falls
asleep later than the expected time, has a normal sleep at night but wakes up late the next
day. Sleep is optimized by maintaining a quiet and comfortable sleep environment.
Exposures to TV, computer games or internet chat lines disrupt the initiation of sleep. The
bed is not for watching TV, eating, or doing homework. No vigorous exercise within two
hours of bedtime is recommended. Avoid drinks containing caffeine such as chocolate,
coffee, tea and cola in the late afternoon and evening and advice a bath before bed to help
relax. Melatonin is a natural hormone produced by the pineal gland in the brain. It is a sleep
inducer and helps to fall asleep at night. Certain foods are rich in melatonin such as oats,
rice, sweet corn, barley and tomatoes. Melatonin 2-10 mg may be administered 30-60
minutes before the bedtime for children with significant difficulty getting to sleep. There is
evidence that melatonin is safe with short term use, but additional studies are needed to
determine its long term safety (Buscemi et al. 2006). A very rare but important adverse
reaction is bone marrow suppression. A routine full blood count is not warranted unless
there is a clinical indication. The most commonly reported adverse effects with ATX are
appetite decrease, headache, somnolence, nausea, vomiting and abdominal pain. Hostility
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(predominantly aggression, oppositional behaviour and anger) is an uncommon adverse effect
with ATX. Aggression is a common side-effect of stimulants. Stimulants are advised to avoid
in those with suicidal tendency and suicidal ideation, although suicidal attempt (including
completed suicide) is very rare. Patients with emergent suicidal ideation or behaviour during
treatment should be evaluated immediately by their physician. Patients on ATX should be
closely monitored for the appearance or worsening of aggressive behaviour, hostility or
emotional lability. A full list of potential adverse effects is listed in the summary of product
characteristic (SPC) of individual drugs. They are also available online on the Electronic
Medicines Compendium website (http:/ /www.medicines.org.uk/emc/). Side effects which
may warrant dose omission until discussed with an ADHD specialist include raised blood
pressure, increase in seizure frequency in patients with epilepsy, heart rhythm changes,
blurred eyesight or evidence of rare blood disorders. Anxiety is a commonly occurring
adverse event with MPH. Clinical evaluation for anxiety or agitation should precede use of
MPH and patients should be regularly monitored for the emergence or worsening of these
symptoms regularly. A caution is needed to use ADHD drugs in women of childbearing age
as effects of ADHD medications on the foetus and on breast-feeding are unknown. As per
the SPC, ATX or MHP should not be used during pregnancy unless the benefit outweighs
the risk and DEX is contra-indicated in pregnancy and during lactation. Full list of
precautions / contra-indications are included in the SPC. ATX should be discontinued in
patients with jaundice or laboratory evidence of liver injury. Very rarely, liver toxicity with
elevated hepatic enzymes and bilirubin has been reported. Uses of all ADHD medications
with MAOIs are contraindicated. It is good practice to explain to a teenager about the
condition and the option of various drugs to gain her/his confidence. The use of
medications may protect them from poor social skills. Combining medications for ADHD
with illicit drugs or alcohol could be dangerous as the effects may be exaggerated.

8.2.1.5 Is there any tolerance to stimulants?

Acute tolerance, or tachyphylaxis means in order to maintain the response in the neuron, we
need to increase the concentration of medication to maintain the response. In fact, two of the
available stimulants, Concerta XL and Equasym XL, use the principle of what's called an
ascending curve, meaning that the concentration of MPH goes up across the day to
counteract acute tolerance. So the concentration rises across the day. Thus the issue of acute
tachyphylaxis has been considered in the development of some of the compounds available
today.

8.2.1.6 Non-stimulant

Atomoxetine hydrochloride (ATX) is a non stimulant drug with no abuse potential and is
effective for 24 hours. It is a selective inhibitor of noradrenaline reuptake licensed for the
treatment of ADHD in children aged 6 years and older, adolescents and adults. It may be
useful in children who do not respond or develop severe side effects to stimulants. Certain
situations such as comorbidity with tics, Tourette’s syndrome or substance abuse would
support ATX as a first line option. It is available as Strattera® 10, 18, 25, 40, 60 & 80 mg
capsules. The recommended starting dose in six years or older and adolescents with body
weight up to 70kg is 0.5 mg/kg/day (the dosing is weight based). The initial dose should be
maintained for a minimum of 7 days prior to upward dose titration according to clinical
response and tolerability. The dose is usually administered as a single daily dose but can
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also be given in two dived doses. The maintenance dose is 1.2mg/kg/day (depending on
the available dosage strengths). No additional benefit has been demonstrated for doses
higher than 1.2mg/kg/day. The plasma half-life is 3.6 hours in extensive metabolizers and
21 hours in poor metabolizers. It is not a schedule II drug. Strattera has been studied in trials
involving over 4000 children and adolescents with ADHD. Peak efficacy occurs between 2
and 6 weeks after initiation, in contrast to the stimulants, which provide a response within
hours. It is safe, well tolerated, and effective in 6 published trials in children and adolescents
(Corman et al., 2004). Labelling for ATX includes "Black Box" warning for severe liver injury
since February 2005, and for suicidality since November 2005, both of which reflect a pooled
analysis of short-term placebo-controlled clinical trials found an average risk of suicidal
ideation of 0.4% of children and adolescents (Wooltorton, 2005). Although uncommon,
suicidal ideation is reported to be significantly more frequent in paediatric ADHD patients
treated with ATX compared to those treated with placebo (Bangs et al., 2008).

8.2.1.7 Choosing between stimulant and nonstimulant drug

Tasks that require mental effort change over the years. In childhood there may only be a
need to treat during daytime while in adolescents, the need to cover the evenings may be
necessary. This may be critical for tasks such as driving. When selecting stimulants Vs non-
stimulants, it is helpful to assess and compare the different side effect profiles. Another
consideration when choosing a drug category is the onset of action. When patients require
rapid response, stimulants are the treatments of choice. Non stimulant may require two to
six weeks to show a treatment response. MPH/ DEX/ATX dependence is not a problem in
the drug therapy of ADHD.

8.2.2 Monitoring

Heart rate, blood pressure, height and weight should be checked regularly and recorded on
a growth chart. Drug related side effects should be checked at each clinic visit. Blood tests
should not be viewed as routine. Patients and their families/carers need to be educated
about ADHD and prescribed drug. Biases against the use of ADHD medications are often
due to misinformation regarding side effects. Alternatively, parents/carers may have
excessive expectation from the drug therapy which may lead to disappointment. It is
important to inform parents/carers that medication is a part of the holistic approach to the
management of ADHD. Obtain the completed rating scales to monitor treatment response.
Adyvice the parents to stop the medication during weekends and during school holidays if
growth appears to be adversely affected. A telephone call may be beneficial to follow up the
prescribed ADHD medication. Once a stable optimal dose has been determined, the ideal
medication follow-up is six months. Non-compliance to treatment may be related to lack of
frequency of follow-up. A monitoring form such as in appendix 1 may be used in the clinics.

8.2.3 Polypharmacy

When a clinician feels that a second medication is needed, it is advised to begin with an
ADHD medication that is known to combine safely with the second medication. For
example, in the selection of an ADHD medication for a patient with severe conduct disorder
and aggressive behaviour, a psychostimulant could be combined with an atypical
antipsychotic (Turgay, 2005). MPH SPC has a caution around this combination. Some of the
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side effects related to drug interaction occur because of competition for liver enzymes that
metabolise the drug. MPH increases plasma concentrations of phenytoin and delays
intestinal absorption of phenytoin, phenobarbitone and ethosuximide. MPH inhibits
metabolism of tricyclic antidepressants and warfarin. ATX can be combined with stimulants
to augment the effect in the case that the clinician feels the patient has not achieved an
adequate response (Wilens et al., 2009). Such a combination should be initiated by a clinician
with specialization in ADHD. The combinations of ADHD drugs are used sometimes in
clinical practice although it is not recommended. Results from the handful of studies suggest
that combining stimulant therapy with nonstimulant alternatives may result in more
significant symptom reductions in patients for whom monotherapy is less than optimal.
There are no studies to suggest that combing stimulant with a non-stimulant increases the
risk of cardiac side-effects. Combination usage of stimulant and non-stimulant is not
included in the SPCs and hence appropriate safety and efficacy have not been determined.

8.2.4 Length of treatment

Many children will need to be on medication for years, hence the need to be clear about the
diagnosis and review the diagnosis if required.

8.2.5 Compliance

Between a third and a half of medicines that are prescribed for long-term conditions are not
used as recommended (NICE, 2009). Psychoeducation is the most useful means of ensuring
compliance. The aim should be to get the adolescent to take responsibility for his/her own
medications. Parents involvement may be necessary to ensure that medication is taken as
scheduled. Once-daily dosing improves compliance.

8.3 Non psychopharmacological interventions

ADHD patients may take longer time to integrate socially acceptable habits into their lives.
They are at significant risk of being involved with bullying as a bully, as a victim or both.
The key factor is to create a positive environment that motivates the individual. When
families are reluctant to use medications or there are side-effects behavioural treatments
alone can be a viable alternative, provided that both parents and teachers are willing to
undertake the effort required. National Institute for Health and Clinical excellence (NICE)
recommends group parent training for ADHD with moderate levels of impairment (NICE,
2008). Parents/carers should be informed that children with ADHD may have additional
social, academic, and emotional problems. Interventions such as additional help in academic
work, social skills training, individual psychotherapy, parent training, family therapy or
explaining to the child about ADHD, removing guilt, low self-esteem may be needed for the
child and family.

8.4 Practice point

Make sure to review the child’s strengths, not just his/her areas of weaknesses. This
establishes a rapport with the child and family that makes future visits easier and can aid
intervention planning. If there are any signs or symptoms of a physical illness that may be a
factor in explaining the clinical symptoms, this takes precedence in the evaluation. Begin the
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interview by talking about the child’s strengths. Ask the child to draw a picture of
themselves and then their family on the same page. This helps to determine the child’s
perspective of the family. Note any unusual perceptual differences like drawing themselves
bigger than the parents. Make appropriate referral if one or both of the parents need an
assessment for ADHD or other psychiatric disturbance if it appears evident.

9. Treatment consideration in common comorbidities

It is estimated that at least 65% of children with ADHD have one or more comorbid
conditions (Biederman et al., 1991). When there is a comorbid psychiatric disorder, it is
generally advised that the ADHD should be treated first. However, if comorbidity puts the
patient at risk for harm to others or to himself/herself, then this comorbidity takes
precedence for treatment.

9.1 Oppositional Defiant Disorder (ODD)

In childhood, the most common comorbid disorder is ODD in as many as 40% of ADHD
children (Taylor et al., 2004). ODD is characterized by the child’s inability to accept parental
authority and the strong need to be in control. Distinguishing between normal adolescent
self-assertion and ODD may not always be easy. Treatment of the ADHD may not resolve
all ODD symptomatology. Strategies leading to positive reinforcement and targeting
positive goals are often useful. Use of time-out and appropriate strategies that are applied
with consistency also help to deal with the oppositional defiance. Behavioural interventions
are effective, but they need to be consistent and ongoing.

9.2 Conduct Disorder (CD)

The risk for the development of CD in children with both ADHD and ODD is two to three
times greater (Barkley, 2004). Behavioural interventions are necessary for this disorder.
Comorbid CD also puts children at risk for gravitating towards other children with similar
problems. Strategies that promote positive peer relationships and effective empathy
development are indicated. A medication trial may be advised in conjunction with
comprehensive psychosocial treatment.

9.3 Intellectual Disability (Learning Disability, LD)

Children with ADHD frequently fall below control groups on standardised achievement
tests (Barkley et al., 1990). Children with ADHD often have weaknesses in the cognitive
areas of executive functioning, working memory and processing speed. If LD is
documented, it may need more one to one support for the age-appropriate educational
progress. Children and adolescents with an 1Q less than 50 should not ordinarily be
prescribed stimulants as they are usually sensitive to the side effects.

9.4 Aggression

Verbal and physical aggression is not uncommon in ADHD. The most common reason why
children with ADHD would act aggressively is a combination of ADHD with either ODD or
CD. Treating the ADHD is usually the first step. However, aggression might be part of



ADHD in Children and Adolescents: A Good Practice Guidance 17

another diagnosis. Behavioural interventions and all ADHD medications may decrease
aggressive behaviour. If needed, new generation antipsychotic medications can be tried. A
study has shown that risperidone is effective in controlling ADHD, ODD and CD (Aman et
al., 2004). Monitoring of metabolic changes, weight gain, and extra-pyramidal side effects
are necessary if an antipsychotic is used.

9.5 Bipolar Disorder (BD)

This is an uncommon disorder in childhood. BD should be considered as the primary
diagnosis if there are prominent, episodic, cycling mood symptoms. BD may be suggested
by a strong family history of BD or depression and paradoxical response to stimulants
(worsening of mood or rage symptoms).If BD is suspected, referral to a Child and
Adolescent Psychiatrist is recommended (CADDRA, 2010).

9.6 Pervasive Developmental Disorder (PDD)

PDD presents with difficulties in social communication, social interaction and
stereotyped, repetitive behaviour. Clinical symptoms of PDD supersede that of ADHD
and should be the primary diagnosis and can co-exist. The FDA recently approved the use
of risperidone in controlling aggressive and self-injurious behaviour and irritability
(Taylor et al., 2004).

9.7 Depression

Many patients with depression may present with transitional inattention, short-term
memory problems, irritability and impulsivity (Voeller, 2004). When the depression is
associated with problem in the social environment, treatment strategies include individual
and family therapy. Stimulants may produce a mild antidepressant effect in some patients,
while they may worsen mood in others. All of the drugs used to treat ADHD have the
potential to unmask a mood disorder or to cause mood symptoms.

9.8 Anxiety

Anxiety in ADHD can manifest as Generalized Anxiety Disorder, Social Phobia, Separation
Anxiety Disorder, Post Traumatic Stress Disorder (PTSD) or Obsessive-Compulsive
Disorder (OCD). PTSD may be a misdiagnosed as ADHD as there are similar symptom
complex. PTSD is likely if there is no clear family history of ADHD or pre-morbid
symptoms of ADHD prior to the traumatic situation.

9.9 Tic disorders

Stimulant medications can be used to treat ADHD with tic disorders, but caution should be
exercised as tics may be exacerbated in some children. If tics appear with stimulants,
consider lowering amount/discontinue or change to a non stimulant. The MPH SPC has
warnings for tics and anxiety. There are currently no warnings relating to the use of
atomoxetine in tics or anxiety. If OCD exists then the combination with ADHD may be part
of a Tic Disorder (e.g., Tourette’s syndrome) so it is important to look for motor and phonic
tics.
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9.10 Epilepsy

Seizure control is first priority as numbers of seizures are directly related to processing and
attention difficulties. Structural abnormality in brain is probably a risk factor for epilepsy
with comorbid ADHD. Moreover uncontrolled seizures cause disturbed sleep, which in turn
may result in attention difficulties during the day. Side effects of some anti epileptic drugs
such as topiramate, vigabatrin, gabapentine are known to increase aggression in LD and
many children with epilepsy are likely to have LD. Stimulants seem to be safe in children
with well controlled seizures. ADHD children are more prone for unprovoked
seizures then the normal population (Hersdorffern et al., 2004). The SPC for MPH state it
may lower the convulsive threshold in patients with prior history of seizures and in patients
with prior EEG abnormalities.

9.11 Substance Use/Abuse Disorder (SUD)

ADHD patients are at increased risk of using illicit substances. It is essential that a history
for substance abuse is explored with the individual alone. Ask whether their friends use
drugs or alcohol. A positive response suggests they are likely to be at high risk for substance
use. By treating ADHD, there is better outcome in comorbid SUD.

10. Cardiac risks of drugs

Sudden death with ADHD medications is very similar to those with sudden death in the
general population. Structural heart diseases, history of syncope, family history of sudden
death/exercise induced sudden death are clues, which can help to suspect a higher risk. The
usefulness of ECG screening in patients being treated with drugs is unknown. The small but
unproven potential contribution of ADHD drugs to the rare incidence of sudden death in
children must be weighed against the clinical benefit of the medication. In a child or
adolescent with ADHD, who has no cardiac symptoms, the risk of cardiac adverse events
from ADHD medications is very low. The American Heart Association Recommends (Vetter
et al., 2008) that before therapy with psychotherapeutic agents is initiated, a careful history
should be obtained with special attention to fainting or dizziness particularly with exercise,
complaint of chest pain or shortness of breath with exercise and about seizures. The family
history should focus on the long QT syndrome, sudden cardiac death or heart attack in
members below 35 years of age and history of Marfan syndrome. Presence of these
symptoms/risk factors warrants a cardiovascular evaluation by a cardiologist before
initiation of drug. Patients should be asked the occurrence of any of the cardiac symptoms
during the follow up visits. The physical examination should include checking heart rate
and blood pressure.

11. Complimentary and Alternative Medicine (CAM) in ADHD

Over the years, a great deal of media attention has focused on diets for treatment of ADHD.
Some suggested a “few foods” approach elimination diet if psychological interventions are
not effective (Carter et al., 1993; Hill & Taylor, 2001). Most of these dietary manipulations
involve eliminating additives (Feingold diet) and foods incriminated to increase
hyperactivity, such as sugar, chocolate and caffeine or common food allergens such as
wheat, milk and eggs. Several double-blind placebo-controlled studies have failed to
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support beneficial effect of dietary manipulation on the behaviour, except possibly in a very
small percentage of children (Egger et al., 1992; Wolraich et al., 1995). Few studies have
reported behavioural improvement with hypoallergenic diets (Kaplan et al., 1989; Egger et
al., 1992; Boris et al., 1994). The results of these studies require further replication before
dietary intervention can be considered efficacious. A working group of the American
Academy of Child and Adolescent Psychiatry has stated “Given the minimal evidence of
efficacy and extreme difficulty of inducing children and adolescents to comply with
restricted diet, they should not be recommended (AACAP, 1997). Current evidence suggest
that diets are arduous to implement and some may be nutritionally deficient (DTB, 1995)
and a restriction or elimination of diet in children with ADHD is not recommended (SIGN,
2001). The available best evidence practice is that a response to food may show change in
mood state (irritability) rather than ADHD symptoms per se. An additive-free diet, low in
sugar, and avoiding foods that are suspected of exacerbating symptoms is often tried by
families to help improve ADHD symptoms. As long as needs for essential nutrients are
met, these diets are safe, although their effectiveness in individual children is difficult to
predict.

12. Long term outcomes

It was thought that hyperactivity simply goes away by adolescence. Although
hyperactivity lessens with time but it is often replaced by problems of antisocial
behaviour. There appears to be three different patterns of outcomes- resolution of
symptoms in young adulthood in about 30%, persistence of some symptoms in about 40%
and severe dysfunction associated with persistent symptoms, substance abuse and
antisocial behaviour in 30% (Cantwell, 1996). A prospective study in London community
survey found that hyperactive behaviour was a strong risk factor for later psychiatric
diagnosis, antisocial behaviour, and social and peer problems, even after allowing for a
coexistent CD (Taylor ef al. 1996).

13. Summary

ADHD is a persistent and impairing disorder. Although its origin is uncertain, biological,
psychological, and social factors are implicated. The first step in the management is accurate
diagnosis. Behavioural modification and educational approaches are strategies of first
choice. Medication can provide respite from the symptoms during which time other
essential aspects of therapy can be implemented. Advice and support about behaviour
management and attention to the child’s self esteem, peer group interaction, academic
progress and family relationships are required even if medication is used. Children with
ADHD are cared for at home. Parents are both part of the team and carer for the child and
the family needs care themselves. As their child’s primary carers, they must be included in
the decision of any treatment plans. Some parents collect endless opinions. Sometimes the
initial counselling or diagnosis was inadequate and questions that could have been
answered were ignored or sidestepped. There are many parents who want specific advice
on what more they themselves can do to help the child. For parents of an ADHD child, the
number of possible interventions can be extremely confusing. They are likely to hear about a
host of treatment options that lack scientific support.
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14. Key points

e ADHD is a common behavioural disorder with clear diagnosis criteria.

e ADHD co-exists with other conditions in a high proportion.

e Treatment options for ADHD include behaviour management, medications and
educational modification.

e Early recognition and treatment of ADHD may result in less antisocial behaviour,
criminality and substance abuse in later life.

15. Appendix 1.

Side-effects Questionnaire (parents/carers)
Child’s Name: D O B: Date:
All medication has side-effects; some are more troublesome than others. We want to make
sure that children who are taking medication do not suffer.
For each item, please tick on each line how much that statement applies to your child over
the last seven days according to your own observations
is not at all
is a few occasions only
is about half the time
is most of the time
is all the time

B~ W N = O

Symptom 0 1 2 3 4
Talks less than usual

Poor appetite
Irritable
Complains of stomach ache

Complains of headache

Drowsy

Looks sad, miserable

Looks anxious

Seems unsteady
Excited
Angry

Has nightmares

Displays twitches (tics)

Is there anything else you would like to add?

Thank you very much
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1. Introduction

ADHD stands for Attention Deficit Hyperactivity Disorder. Comorbidities is the medical
term for two or more disorders that occur at the same time with the primary disease or
disorder. In this article we will talk about ADHD comorbidity.

ADHD (Attention Deficit Hyperactivity) is the most underdiagnosed condition in children.
It is also a misdiagnosed disorder. The main reason for this is comorbidity since the
comorbid conditions have many similar symptoms to ADHD. The million-dollar question
though is: Where does ADHD stop and where do comorbid conditions take over?

ADHD affects 3-6% of school children (Mirsky, AF 2001). The risk of comorbidity with
psychiatric disorders is high, and the presence of comorbid conditions warrants a special
consideration in treatment of patient with these disorders. A child specifically with ADHD
will likely have other difficulties.

Two-thirds of US children with ADHD will have a comorbid learning disorder, another
mental health disorder, or a neuro-developmental disorder. Unraveling psychiatric
comorbidity can often be a chicken or egg conundrum. Which came first: the ADHD or the
supposed comorbidity? The presence of comorbidity conditions makes the diagnosis of
ADHD more difficult.

The survey published by National Survey of Children Health, which involved over 60,000
children ages 6-17 years including over 5,000 with ADHD, showed that psychiatric and
physical comorbidities were very common in children with ADHD. (Larson 2011)

Overall, 67% of ADHD children had at least one other mental health or neuro-
developmental disorder compared to 11% of children without ADHD. 33% had one
comorbidity disorder, 16% had two, and 18% had three or more. ADHD was associated with
elevated prevalence of the following (Phend):

Learning disorders (46% vs 5%)
Conduct disorder (27% vs 2%)

Anxiety (18% vs 2%)

Depression (14% vs 1%)

Speech problems 12% vs3%)

Autism spectrum Disorder (6% vs0.6%)
Epilepsy/Seizures (2.6% vs0.6%)

NSO @
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Psychiatric Physical

1. Depression 1. Enuresis

2. Anxiety 2. Sleep Disorders

3. Bipolar Disorder (BD) 3. Eczema

4. Conduct Disorder (CD) 4. Allergies

5. Obsessive Compulsive Disorder (OCD) |5. Developmental Coordination Disorder

(Clumsy)

6. Substance Abuse 6. Fibromyalgia

7. Tics and Tourette’s Disorder (TD) 7. Perthes Disease

8. Pervasive Developmental Disorder 8. Hypertension

(PDD)

9. Learning Disorder 9. Height and Weight Problems
10. Developmental Dyslexia 10. Epilepsy

11. Suicidality
Table 1.

The core symptoms of ADHD are inattention, impulsivity and hyperactivity. Children with
ADHD often have difficulty in concentration, are easily distractible, and are disorganized,
hyper and impulsive. These symptoms of ADHD often are seen in comorbid conditions, as
well. Various studies have looked into this overlapping of symptoms and provided
evidence that ADHD is not artifact when shared with other psychiatric disorders and the
comorbid conditions themselves are not artifact of overlapping symptoms and diagnostic
criteria. (Farone2007)

There is a complex integrity between ADHD and commonly occurring comorbid conditions
such as ODD, CD, etc. Comorbidity greatly influences presentation, diagnosis and
prognosis, complicates treatment and significantly increases the morbidity and disease
burden of ADHD. When ADHD is co-morbid with another psychiatric disorder, it is often
the first disorder to develop. Children with severe ADHD symptoms have a higher chance
of developing other psychiatric disorders.

When evaluating comorbidity, one should determine what the primary disorder and the
symptoms present. If the primary condition fully explains the symptoms, a comorbid
condition should not be diagnosed. If ADHD symptoms presents during episodes of
bipolarity, ADHD would not be diagnosed. In practical life, which symptom causes the
patient’s impairment is difficult to determine when both disorders are chronic. If both
conditions are contributing to patient’s impairment, both ADHD and the comorbidity
should be diagnosed and treated. This review will clarify how to diagnose and manage
ADHD with comorbid psychiatric and other neuro-developmental disorders.

The term comorbidity first appeared in the psychological and psychiatry literature in the
mid-1980s. Since that time, there has been a dramatic increase in the interest in this topic. In
1986, only 2 articles were published and by 1993, there were 243 articles. Since then, the
number of articles has increased even further. It has been suggested that comorbidity has
emerged as perhaps the single most important concept in psychiatry research.
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2. Definition of comorbidity

A variety of definitions of comorbidity has been offered from the medical epidemiological
perspective. Dr. Feinisten (1970) has defined co-morbidity as any distinct additional entity
that has existed or may occur during the clinical course of the patient who has the index
disease. Blashfield (2009,1994) has referred to the co-morbidity as a concordance of a
different disease in the same individual. Likewise, Caron and Rutter have defined
comorbidity as the simultaneous occurrence of 2 or more unrelated conditions.

As one can see from the definition, the term co-morbidity refers to the situation in which a
person who has been diagnosed with one specific disorder is found to also meet the
diagnostic criteria of one or more additional disorders. There has been a controversy
regarding the use of this term, the primary reason highlighted by the definition of Carson
and Rutter (1991). The word unrelated is the most relevant. One cannot be certain that an
individual who meets diagnostic criteria for more than one psychiatric disorder actually has
unrelated conditions. It has been suggested that what appears to be a separate disorder may
actually be the result of overlapping diagnostic criteria or a different syndrome, like a variation
of the underlying disorder, for example, anxiety disorders. What looks like a co-morbidity in
younger children may reflect nonspecific expression of psychopathology associated with
immature development of cognition and emotion, for example, anxiety and depression.

Both ADHD and co-morbidity disorders have a highly heterogeneous etiology, implying
genetic and environmental risk factors. (Mick and Farone, 2008) Some authors have been
advocated for distinct types of ADHD based on comorbid expressions (Barkley 2006)
(Acosta, et al 2008).

Apart from the heterogeneousity of ADHD, the overlap between comorbidity and
differential diagnosis renders both clinical and etiology research and ADHD and
comorbidity difficult. Conduct disorders, emotional disorders, tic disorders, autism
spectrum disorders, bipolar disorders, or specific developmental disorders have been co-
morbid with ADHD but all these psychiatric conditions also have to be considered in the
diagnostic process as a differential diagnosis. Comorbid disorders of ADHD may result in
ADHD like symptoms; depressive symptoms, for example, may comprise inattention
distractibility, aggression, and irritability: symptoms that could mimic the phenotype of
ADHD. On the other hand, ADHD may be accompanied with the depressive disorders or
result in depressive mood due to constant or repetitive psychological failure and
discouragement. With this knowledge of these conditions, a clinician must be aware of the
developmental course over time.

Concerning the temporal course of occurrence, comorbidities may be present before
evidence of ADHD symptoms (pre-morbidity). The onset of the comorbid disorder
coincides with the time the ADHD symptoms reach clinically significant level is called
simultaneous comorbidity. However, the majority of co-morbidities seems to occur later in
the course of disorder called post-morbidity (Taurine-2010).

3. Epidemiology

The mental disorders that children develop are commonly divided into two groups:
disruptive or externalizing behavior disorders (Ex. ADHD and Conduct Disorders) and
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emotional and internalizing behavior disorders (Ex. Anxiety and Depression). Concerning
psychiatric comorbidity, externalizing disorders were found to be more frequently
associated with ADHD; comorbidity rates range up to 90% (Spencer T 1999, Wilens TE 2002)
for externalizing and 50% for internalizing disorders. (Jensen et al. 2001) A 5-year follow-up
study in girls with ADHD ranged 6-18 years in comparison with girls without ADHD
showed elevated rates of comorbidity associated with the ADHD females. (Biederman et al.
2008 ) In line with the formal reports (Stinhausen et al. 2006), a sample of 122 children and
adolescents with ADHD between the ages of 6-18 years recruited by the Department of
Child and Adolescent Psychiatry in the University of Wurzburg showed that 73% of affected
individuals had one or more further psychiatric diagnosis according to a semi-structured
interview. The most frequent comorbidity was oppositional defiant disorder (ODD) at
46.9%, followed by mood disorder at 27.9%, CD and elimination disorder (EID) at 18.5%,
dyslexia at 17.6%, and anxiety at 16. 7%, and TD (Tourette disorders) at 9.5% (Taurin 2010).
In adult ADHD patients, lifetime comorbidity with mood disorder was 57.3% and anxiety
disorder 27.2% (Spencer T. 1999), surpassing the already considerable rates following the
pediatric population. Adults have a higher prevalence than children for substance abuse
disorders, with a prevalence rate of 45.0% (Jacob et al. 2007). Personality disorders can
develop throughout childhood and adolescent, but It is not until adulthood when
personality disorders are able to be diagnosed in ADHD, for example antisocial PD
(personality disorder). In childhood and adolescence, these potential personality disorders
are known as conduct disorders. The presence of conduct disorders in children with ADHD
has been found to be significant correlated with aggressive behavior or delinquency in
adolescence and with the high road of antisocial personality in adult life. There has been
awareness of a link between ADHD and emotional disorders (anxiety and depressive
disorders), which has an important implication for a clinician assessing children with
ADHD (that they don’t miss the underlying internalizing symptoms because of the
predominate presentation). Longitudinal research with children and ADHD and co-morbid
major depression suggests that a concurrence of the two disorders may be associated with a
particularly poor outcome. The high prevalence of developmental delay and
neuropsychiatric disorders has long been established and may be indicative of an
underlying developmental etiological pathway.

4. Etiological consideration

Many people assume that if the child is hyperactive, the brain must also be overactive. This
is not the case, as seen in brain scan research by Dr. Zametkin. In his study, the glucose
metabolism was measured in the brain, which is an indication of energy or mental activity.
When given a problem to think about, the normal control subject brain indicates energy
being used to think about the problem posed, but ADHD subjects’ brains show little
activity. Does these data show that ADHD is strictly a biological problem? No. ADHD
appears to be influenced by environmental factors such as home environment, classroom
structures and peers. Saying that ADHD is influenced by environmental factors such as
home or classroom environment doesn’t mean that ADHD is caused by faulty parenting or
education. Rather it means that we have an opportunity to make things better or worse. The
etiology to ADHD is complex and includes neuroanatomic abnormalities, neurobiological
dysregulation, CNS insults, genetics and environmental factors. The neurobiological
abnormalities are in the prefrontal cortex and anterior cingulate gyrus involvement has been
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demonstrated. The prefrontal cortex is involved in executive functioning, while the
cingulate gyrus is involved in focusing attention and mediating response selection. Among
individuals with ADHD, consistent findings have shown image regarding decreased
dopaminergic transmission in these areas. A dopamine 4 (D4 receptor) is related to cognitive
and emotional functioning is densely in prefrontal cortex of the brain. Genetics studies
indicate the DRD4-7 repeat allele locus at higher rates among children with ADHD than
among controls. (Leslie E. Parker 2010) Other numerous environmental factors predispose
individuals to ADHD, including maternal smoking or alcohol abuse and low birth weight,
which may have both genetic and environmental causes.

Other conditions must be ruled out before a diagnosis of ADHD is made because there are
many other possibilities or explanations for hyperactive impulsive behavior. A few of the
conditions are learning disability (that leads to poor school performance), frustrations, and a
behavior pattern where the child stops paying attention or gives up. Attention lapses can be
caused by partial complex seizure, obsessive thoughts, or silent impulsive rituals. A middle
ear infection, causing an intermittent hearing problem, interferes with a child’s ability to
respond to an orally presented request. Disruptive unresponsive behavior can be due to
anxiety, depression, or bipolar disorders. Environmental factors or stresses, such as divorce
in the family, can lead to restlessness or inattention.

If executive dysfunction is a problem, the child often fails to give close attention to details or
makes careless mistakes at school or during other activities, has difficulty sustaining
attention in tasks or play, often does not follow thorough instructions, fails to finish school
work or duties at the workplace, often has difficulty organizing tasks and activities,
avoids/dislikes/is reluctant to engage in the task required to sustain mental effort like
homework. In order to clarify the diagnostic issues, the neuropsychological assessment may
be helpful. Although a variety of professionals including psychologists may be licensed to
diagnose ADHD, in my opinion, the diagnosis should be confirmed by a developmental
pediatrician, board certified neurologist or adolescence psychiatrist who can rule out other
medical problems that mimic the symptoms of ADHD and offer treatment.

5. Clinical presentation

ADHD has historically been identified primarily in boys, but a substantial number of girls
suffer from ADHD as well. The male to female ratio is approximately 10:1 (Biederman J
1999). In a comparative study of boys and girls with ADHD, both sexes were comparable in
respect to rate of inattention, impulsivity, hyperactivity and comorbidity. However, rates of
conduct disorders varied between boys and girls (20% in boys versus 8% in girls).
Oppositional defiant disorders were manifested in approximately 62% of boys compared to
32% of the girls (Fredman 2001).

ADHD is highly comorbid with other psychiatric disorders. There has been controversy
whether it exists as a primary disorder or only secondary to other psychiatric symptoms.
The Nosological System advocates in the DSM that in the presence of two or more
diagnoses, one should be considered primary and account for many of the symptoms
observed in the secondary syndrome. Thus the mounting evidence of many conditions
existing concurrently with ADHD each modifies the overall clinical presentation and
treatment responses. The comorbid conditions should be considered as simultaneously
present in order to broaden our understanding and maximizing the treatment.



30 Current Directions in ADHD and Its Treatment

A depressed patient demonstrates diminished concentration, whereas an individual with
bipolar disorder often manifests psychomotor agitation and destructibility. It may be
difficult to differentiate these from the cardinal symptoms of ADHD. There are several ways
to deal with the symptom overlap through research and clinical settings. Subtraction
method requires that the same absolute number of symptoms be present to diagnose either
disorder except shared symptoms are subtracted or removed from the diagnostic
consideration. Some people think that the patient with comorbid depression and ADHD still
retains the diagnosis of ADHD whether subtraction or proportional method was used. The
longterm follow-up study had demonstrated the individual with ADHD and comorbid
disorder had poor prognosis and greater hospitalization rate than those with ADHD alone.

Pharmacological studies demonstrated a clinical contribution of each of the comorbid
disorders and treatment strategies. For example, an individual with a comorbid ADHD
bipolar may be first treated with a stimulant. Alternatively, if a mood stabilizer is used,
significant improvement may be expected. If symptoms of ADHD continue to persist after a
mood stabilizer, this supports a diagnosis of co-occurring diagnosis. When a stimulant
addition is indicated, therefore, both comorbid conditions are equally treated, the ADHD
symptoms may not be remit.

5.1 Identify comorbidity with handy tools

There are many efficient tools to gather data in a structured manner that quickly pinpoint
ADHD, which further helps your clinical acumen. In a busy primary care setting, a child
behavior check list can be used as a handout or behavior assessment scale for children. Both
of these generally have very similar type of output. These are very easy to score, and one
can look to the parent as well as teachers to help with the scoring.

6. Psychological problems associated with ADHD
6.1 Depression

Does the person appear sad, blue or down and how can you tell? Is the person irritable, cranky,
and moody? What does the person do in her spare time? Has the person been doing the activity
once enjoyed? Does the person talk about suicide or about uselessness of life, has the person
attempted suicide?

A total of 10-40% (Spencer, T 1999) of children and adolescents with ADHD show depression
with symptomology of low or irritated mood, loss of interest and pleasure of usually enjoyable
activities, sleep disturbances, and reduced appetite. Depressive disorders in youth with
ADHD typically occur as a post comorbidity several years after the onset of ADHD. ADHD
rates in depressed children and adults range up to 57% (Angold, A 1993). Depression may be a
reaction to unpredictable environmental stressors such as being rejected by peers, getting
made fun of by others, or thinking that school is a negative and overwhelming place. In these
cases, a separate diagnosis and treatment strategy is not necessary because depression is
occurring in response to the ADHD and will likely decrease when ADHD symptoms are
treated. In other instances, depression may run in the family or may be more directly linked to
biological or genetic causes; therefore, a separate diagnosis and specific treatment for
symptoms for depression would be more appropriate. Distinguishing between an emotional
complication of ADHD and a separate depressive disorder may be very difficult. A therapist
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would look for an indication whether these depression or ADHD symptoms came first and
whether there is a history of depression or ADHD in the family. It is very important to take
depressive symptoms seriously, regardless of their cause. Children with ADHD and
depression can have suicidal thoughts and statements/behavior should be monitored and
addressed by a mental health clinician. Since these symptoms may attribute to normal
childhood behavior, the diagnosis of depression may be missed for a long time. Family studies
suggest there is some genetic link between depression and ADHD. This suggests genetics can
contribute to solely ADHD, solely depression, or both disorders.

With regard to the treatment, most treatments that are effective for ADHD, like stimulants,
do not significantly improve depression. In addition, treatments for mood disorders are
generally not helpful for ADHD. In the presence of comorbid mood disorder, stimulants
themselves are less effective for ADHD. Non-stimulant treatments that are noradrenergic
but not serotonergic are effective for ADHD. In contrast, serotonergic medicine is effective
for juvenile depression but not for ADHD.

Bupropion, an agent that affects both noradrenergic and dopaderenergic neurotransmitters,
has been shown to be efficacious for adolescents with ADHD and comorbid depression. It is
important that both disorders be treated simultaneously. Studies show using the
combination of stimulant and SSRI for comorbid ADHD and severe depression are
consistent with this observation. However, one should be cautious in using an SSRI in
children with mild to moderate depression, due to a black box warning by the FD because
SSRIs may increase suicidal tendencies. If an SSRI is used, the child should be monitored
closely, and the patient and guardian should be aware of this warning.

6.2 Suicidality

Children with ADHD and depression are at an increased risk for suicide. In boys, major
depression and social phobia are risk factors for suicide, as opposed to post-traumatic
disorder in girls.

Early stimulant treatment of ADHD reduces the prevalence of depression as a comorbidity,
which reduces the risk for future suicidality.

6.3 Bipolar disorders

Are there times where the person thinks he or she is able to do anything he or she want? Does the
person appear unusually energetic at times or almost high without drugs? Does the person miss
a lot of sleep at night but still acts energetic the next day? Does the person appear to have
thoughts that appear so fast that it is impossible to keep up with them?

Bipolar disorder may occur with ADHD or may mimic its symptoms. Half of the boys and
one-fourth of the girls with bipolar disorder also meet the criteria for ADHD. Children and
adolescents with bipolar disorder often show strong emotional feelings, hyperactive
behavior, overbearing manner, and difficulty waking up in the morning. Children and
adolescents with severe bipolar symptoms may have excessive and lengthy temper
tantrums that are destructive and often based on gross distortion of objective events. For
example, when a friend wants to a play different game, bipolar children may think the
friend is trying to purposefully be mean. The child gets angry at such mistreatment. This
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may result in a temper tantrum. Other symptoms include excessive talking, increased
activity, inappropriate actions and verbal responses in social situations, lack of inhibition,
chronic irritability, and distractibility. The prevalence is up to 20% (Singh, MK 2006)
(Strober, M 1982). According to an Italian study, 24% of 7-18 year old clinic attendees with
bipolar disease had existing ADHD (Masi, G 2003).

The child behavior check list score better discriminates between children with ADHD, co-
mania in context to pediatric bipolar disorders and control subjects.

For pharmacological treatment, mood stabilizers are the first line treatment for periodic
bipolar disorders. However, when ADHD symptoms are present, subjects may benefit from
short-term co-concomitant treatment with a stimulant or a co-medication of a non-stimulant.

The etiology of comorbid pediatric bipolar and ADHD have distinct characteristics. Neuro
imaging studies suggest general changes in prefrontal areas in both disorders. However,
there are a few primary differences between the two patient groups in the areas in
indifference control, working memory, planning cognitive flexibility and fluency. Several
authors reported that ADHD with comorbid pediatric bipolar disorder is its own distinct
form of ADHD (Biederman 2008).

Fifty percent of the prepubescent depressed children in one sample manifest bipolar
disorder within ten years of the onset of depression (Geller et al, 2002 a). Another study
found 20% of depressed adolescents in another sample had revealed a bipolar disorder
within 1-4 years (Kowatch RA 2005). When comparing to the children with ADHD without
mania, the manic children have significantly higher rates of major depression, psychosis,
multiple anxiety, conduct disorder, or oppositional defiant disorder, as well as significantly
greater impairment of psychosocial functioning.

As with depression, bipolar must be treated effectively with symptoms of ADHD to resolve
comorbidity affecting the individual. An atypical anti-psychotic agent appears to be
effective in the elimination of juvenile mania. In an open study, Risperdal was found to be
effective anti-manic but did not help ADHD symptoms. Among bipolar adults comobid for
ADHD, Bupropion is effective for ADHD and depression but may lower the threshold for
inducing mania.

6.4 Oppositional defiant disorder

Does the person defy you or the teacher by simply saying no or ignoring you? Does the person
appear to be annoyed easily and bothered by trivial things? Does the person appear to annoy
other people on purpose? When and where does this happen? Does the person appear angry, hot
tempered, resentful, or full of spite?

ODD is most commonly associated with ADHD. Oppositional defiant disorder symptoms
occur in as many as 21% to 60% (Cunningham 2002; Wilens, TE 2002) of children with
ADHD. It is when the individual defies rules and in some cases acts out in anger and
violence. ODD symptoms tend to occur more often with people whom the child is close to
or knows well such as family or care givers. Children with comorbid ADHD and ODD may
form an intermediate group between those who have ADHD alone and those with ADHD
and conduct disorder. However, studies suggest that children with comorbid ODD and
ADHD will always develop conduct disorder. It is just a matter of time before that happens.
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6.5 Conduct disorder

Does the person lie a lot? Does the person get into physical fights? Does the person try to hurt
people? Has the person ever stolen or damaged people’s property?

About 20-45% of children with ADHD also meet criteria for conduct disorders. It is very low
in children without ADHD. This disorder involves aggression towards people or animals,
property destruction, stealing, and violation of rules of society (i.e. missing school or
running away from home).

Both stimulant and non-stimulant medicines will reduce aggressive behavior and antisocial
acts, but a stimulant will work more rapidly. Mood stabilizers or atypical antipsychotics
may be needed for highly aggressive cases. Besides pharmacotherapy, individual or family
behavioral therapy may be required. Conduct disorder is a strong predictor for future
substance abuse.

Medication just used for ADHD is also effective for treatment of comorbid ODD/CD as the
first line of treatment. However, if ODD or CD persists, psychosocial treatment should be
added. In clinical practice, it is not common to add atypical antipsychotics, but there is
limited data to support this. (Kunwar, A 2007)

6.6 Anxiety

Does the person appear to be nervous and anxious? Are there times when the person appears
panicked, stricken, or frozen by anxiety? Does the person appear very shy compared to others his
same age? Does the person repeat certain actions over and over like a ritual?

Anxiety is a psychological and physiological state characterized by emotional, somatic,
cognitive and behavioral issues. Anxiety is a well thought out, normal response to stress,
but if the anxiety reaches its crest, it disturbs a person’s normal routine. Anxiety with
ADHD is a comorbidity with an estimated rate of 20-40%. Often general anxiety is thought
to be the most prevalent disorder followed by social phobia, separation anxiety. Some
children with ADHD may present with more than one anxiety disorder. Anxiety and ADHD
may inhibit impulsivity so children with ADHD and comorbid anxiety may have less
impulsivity but more inattention. For this reason, it is possible to overlook ADHD in
children with anxiety (especially the inattentive types). Children with anxiety are often
preoccupied with a fear that impairs their ability to focus on the task at hand. For anxious
children who do not have ADHD, when their anxiety improves, their inattention improves,
whereas children with comorbid ADHD/anxiety will continue to struggle with inattention
even in the absence of an anxious episode.

It has been suggested that anxiety associated with ADHD is a product of the inability to
function in daily life because of the social and cognitive limitations associated with ADHD
rather than typical phobic/fearful behavior. In this case, early recognition and treatment of
ADHD may itself improve anxiety. In a sub-group of an ADHD person with comorbid
anxiety disorder, various therapeutic measures have been proven to be effective in reducing
both ADHD and anxiety symptoms. Psycho stimulants plus behavior therapy, atomoxetine
alone, or atomoxetine with a combination of stimulants and antidepressants can help treat
these symptoms. However, comorbid anxiety symptoms in children and adults with ADHD
were linked to poor treatment response with a psycho-stimulant. There is some evidence
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that there is heritability between ADHD and comorbid anxiety disorders. There is also
research suggesting ADHD and anxiety are independently transmitted in families (Freitag
2010).

It is very important to distinguish between the true anxiety disorders and those children
who are experiencing anxiety in response to ADHD because treatment is very different.
Stimulants, while helpful for ADHD symptoms, may actually worsen the symptoms of a
true anxiety disorder.

6.7 Learning disorders of various kinds

Even when the person is paying attention, is learning difficult? Are there certain subtypes that
the person has extreme difficulty with? How does this person do in reading, writing, and
mathematic? Has the person ever been tested for a learning disability?

Over half of all children with ADHD also have learning disorders. ADHD, though it affects
the ability to learn, is not a true learning disability. So treating the symptoms of ADHD will
not correct the learning disorders that a child may have. A learning disability is a specific
disorder that affects one of the four primary steps needed for learning. The steps are
recording information (ex. input of a visual or auditory perception problem), understanding
information (integration: ex. Sequencing and organization problem), storing information
(placing information into memory), and retrieving information (memory: ex. Immediate
recall of the recently learned information). Although ADHD may globally interfere with the
success of these steps, it is the impulsivity, hyperactivity and distractibility that interfere
with the learning process. ADHD does not specifically impact one of these four steps.

1. On IQ measurement, many studies have identified a fairly difficult profile of the
neuropsychological test result in children with ADHD. This is seen commonly through
certain attention loading subtests of commonly used IQ tests like the Coding Digit Span and
the Wechsler scale. Two or more subtests on the Wechsler scale are often depressed relative
to other subtests. Coding, digit response, arithmetic, and information subtests on the
Wechsler scales are very often depressed related to the other subjects. Various tests of
executive functions including Wisconsin card scoring test usually revealed moderate to
major deficits. However, there are also those with ADHD who generally score low on all
these tests without a particular learning disorder profile. 2. Overall decline in all IQ test
values. 3. Higher than expected rate of subnormal intelligence in mental
retardation/learning disability among children with ADHD 4. An increased rate of children
with subnormal intelligence because the mistakenly diagnosed individual as suffering from
ADHD.

Subnormal intelligence and ADHD: No formal study but clinical experience suggests that
children with subnormal intelligence with no indices of specific subtest pattern of
neuropsychological testing may show all typical symptoms of ADHD (particular symptoms
of inattention is lack of persistence and forgetfulness).

Mental retardation/ learning disability and ADHD: Population studies show mental
retardation may be 5-10 times as common in children with ADHD as compared children
without ADHD. Though the rate of ADHD in mental retardation is rare, it is clear that
relevance has increased beyond the level that is encountered in the population without
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learning disabilities. In one study in the US, at least 15% of individuals with a profound
level of mental retardation may meet criteria for ADHD even the mental age has been taken
into account (Fox 1998).

Reading disorder, written expression and dysgraphia: Reading disorders are common in
ADHD. About 25-40% with ADHD have major reading and writing difficulties (Shaywitz,
RA 1992). Some studies suggest ADHD and reading disorders combined may be a visual
motor problem, more severe than would be expected on the basis of simply adding a basic
learning disorder to another. Disorders of written expression are characterized by significant
impairment in writing, grammatically correct sentences and paragraph organization and
occasionally with dysgraphia.

Mathematic disorders: The overlay between ADHD and mathematic disorder is
considerably more. It appears it is more associated with an inattentive type of ADHD.
Correlation of ADHD with learning disorders and cognitive delay is common.

Developmental Dyslexia: Some developmental disorders, such as developmental Dyslexia
may manifest as a simultaneous comorbidity with ADHD. Although some ADHD
symptoms are generally presented in infancy, it is not until the school age group that a full
extent of symptoms becomes prevalent because of the highly structured school
environment. The developmental dyslexia and dyscalculia become apparent when the child
attends school and is required to read, write, and do calculations. Developmental dyslexia,
especially reading and spelling disorders, is characterized by difficulty with reading
comprehension, reading decoding and reading fluency and spelling. Impairment in multiple
cognitive functions, such as executive functions, is common in ADHD and developmental
dyslexia. The symptoms may negatively affect the developmental course of ADHD and will
lead to stagnation of the process of learning to read. In some cases, ADHD and dyslexia may
not share an etiological factor. A dyslexic child may be inattentive in some classes because
he or she will be impaired due to generalized reading problems. Both dyslexia and ADHD
are considered a complex polygenetic disorder and pose a shared genetic risk factor exerting
a unique effect on either ADHD or dyslexia.

6.8 Pervasive developmental disorders/autism spectrum disorders

It is commonly observed that children with ADHD frequently show symptoms of autism
spectrum disorders and vice versa. Autism spectrum disorders are characterized by
impairment in social interaction and communication and by restricted and repetitive
behaviors (Frietag 2007). Intelligence is often impaired and the ability to learn and utilize
new information is markedly restricted. Behavior symptoms may include hyperactivity,
aggressiveness, impulsivity, short attention span and temper tantrums. Similarities between
autism spectrum disorders and ADHD can lead to an early childhood diagnosis that suggest
both are present. As this child grows up the difference becomes more distinct and one
disorder often emerges as the true condition. Autism spectrum disorder children with
additional ADHD symptoms showed exaggerated impairment in executive control and
adaptive behavior. They show autistic traits as well as more severe oppositional defiance
disorder type behavior than children with autism spectrum disorder only. For clarification
of a possible etiological link between ADHD and autism spectrum disorders, well designed
family based studies are required.
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Children with Asperger's syndrome have a very high rate of concomitant ADHD
symptoms. A community-based study indicated that up to 80% of all people meeting criteria
for Asperger’s, according to Gillberg, also meet the ADHD criteria (Ehlers 1993). Autistic
features in ADHD will benefit from interventions that are appropriate for autistic children
without ADHD.

6.9 Tics and Tourett’s disorder

Does the person have movement such as eye blinking, making an odd face, shrugging or moving
an arm a lot that is not intentional? Does the person make noise without meaning to such as
grunting, sniffling, or saying certain words? Do these symptoms get worse when person is
under stress or anxiety and/or are these symptoms present while the person is sleeping?

Tic disorders including Tourett’'s disorder (TD) are neuro-developmental disorders
characterized by waxing and waning motor and /or phonic tics. There is data that suggests
that tics and Tourett’s are associated with 47% of ADHD (Sapiro AK 1988). There is
evidence that the children displaying both disorders (Tourett’s and ADHD) are more likely
to be referred for assessment and treatment rather than be referred to learn which disorder
alone is prevalent.

The core symptoms of tics disorders are motor and vocal tics which wax and wane over
time. Tourett’s shows concomitant symptoms of multiple motor tics and one or more vocal
tics. About 85% of patients with Tourett’s show associated neuropsychiatric problems. These
are often responsible for psychosocial impairment. Tics can be found more frequently as a
comorbidity to ADHD when there is a family history of tic disorders and or there is an early
onset of a tic disorder of high severity of symptomology. Children with Tourett’s and
ADHD suffer from more externalizing and internalizing behavior problem and low social
adaption than children without Tourett’s disorder.

Usually ADHD starts 2-3 years before tics, while a similar proportion of cases of ADHD can
be only after a tic’s onset. It is not fully clear if ADHD with early onset may be related to a
greater presence of another disorder that will only become symptomatically striking months
to years later. Early ADHD can be seen as a risk factor for further associated psychiatric
problems like tic disorders.

The pathophysiological mechanism of co occurrence of ADHD and Tourett’s is not yet
clarified. The stimulant medication in ADHD patient possibly triggers tic occurrence. Alpha
agonists and atomoxetine significantly improve tic symptoms. There is evidence that
supratherapeutic doses of dextroamphimine worsen the tics but methylphenidate does not
worsen tic severity in the short term. If tics or TD are socially disabling then consider
behavior therapy.

Patients with co-existing tic disorders may occasionally need, beside treatment with a
stimulant for ADHD, additional medication with a dopaminergic agonist, like Risperdal.

6.10 Obsessive compulsive disorders

Obsessive-compulsive disorders are characterized by recurrent intrusive thoughts and
images or repetitive behaviors that aim to reduce anxiety. Up to 30% (Geller 1996) of
children and adolescents with obsessive-compulsive disorders also present with ADHD
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symptoms. The rate of OCD among children with ADHD is 8-11% (Arnold 2001), but that
rate is higher among children with Tourette 's disorder. Patients with comorbid ADHD and
OCD were characterized by early onset of OCD symptoms. Patients with comorbid OCD
and ADHD symptoms seem to require special care and treatment because the longer those
symptoms persist, the more they increase in severity. OCD can be treated with an SSRI, like
Prozac, and behavior modification.

6.11 Substance abuse and ADHD
Do you suspect this person smokes, uses drugs or drinks alcohol? Why do you suspect this?

Individuals with ADHD have several characteristics that make them more vulnerable to
substance abuse. These includes self-medication (i.e. teenagers taking Adderall), impulsive
tendency to associate with other individuals who are not doing well in school, and social
skill problems. Appropriately prescribed stimulant medication does not seem to increase the
chance of later substance abuse. Several studies now show that stimulant treatment of
ADHD does not increase the risk of later substance abuse and that if anything, such
intervention considerably decreases the risk of substance use disorders.

Smoking is associated with ADHD. The presence of ADHD increases the risk he or she will
be a cigarette smoker by at least 3 times the level of the general population. Smoking usually
begins at an earlier age and persists throughout life. It is more difficult to give up in ADHD
cohort. Alcohol another common type of substance abuse disorder in ADHD. In
adolescence, alcohol abuse cases are seen in 1 in 3 individuals with ADHD in clinical based
studies. In clinical practice, the suspicion of substance abuse warrants urine or blood
screening to confirm the diagnosis. Adolescents with substance abuse disorders comorbid
with ADHD are associated with a greater severity of substance abuse conduct problems and
worse treatment outcomes (Sullivan 2001). Some have questions whether the long-term
treatment of ADHD with a stimulant increases the risk for substance abuse in adolescents or
adult. The most published study does not support this opinion. In fact, the study found that
stimulant treatment in ADHD reduced the risk for substance abuse disorder by 50%,
bringing it to the level of the general population (Farone, SV 2003). This suggests the
treatment of ADHD may itself reduce the long-term risk for development of substance use
disorder and thus highlights the importance of early recognition and treatment of ADHD.

In patients with comorbid ADHD substance use disorder, specific substance abuse
treatment should be instituted first and once the patient is substance free, medication can be
used to treat the impairment associated with ADHD. Atomoxetine, a non-stimulant may be
more suitable for treatment of ADHD symptoms in this population, though a stimulant can
also be used effectively. I often encourage group therapy in dealing with the drug and
encourage abstinence. Family therapy is also a good idea. The individual may benefit from a
12 step group. Bupropion (Solhkhah, R 2005) and tricyclics (Weiss, RD 1989) are typically
considered the first line of pharmacotherapy for comorbid ADHD and substance abuse
disorders in children and adolescents. Second line agents of the stimulant are generally
thought to be a safe and effective treatment of the ADHD. If untreated, ADHD is associated
with high rates of alcohol use during adulthood. A 15 year follow up study showed ADHD
and alcohol abuse are highly comorbid among adults. Treatment of ADHD in children and
adolescents may actually reduce the long-term risk for development of substance abuse.
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6.12 Personality disorders

In the adult age group, individuals with ADHD are often diagnosed as suffering from one
or more of the so-called personality disorders. Even in late adolescence, there is a very high
rate of individuals with ADHD with and without concomitant developmental coordination
disorders who meet full symptomatic diagnostic for one or more personality disorders.
However, in children under 18-years-old, these disorders are classified as conduct disorder
rather than a personality disorder. These personality disorders could be of any type, but it
appears that those involved in major social dysfunctions may be particularly common.
These include, for example, schizoid, schizo typical, paranoid, avoidant or obsessive
compulsiveness and borderline personality disorders. It is unclear to what extent it is
helpful or not to make an additional diagnosis of personality disorders in a person who is
suffering a neuro developmental/neuropsychiatric disorder such as ADHD. It is doubtful
whether the personality disorder diagnosis contributes any in the way for further
explicating the underlying nature of problem faced by the individual. It is however
important for the adult psychiatrist to be aware that many of their patients who are meeting
the criteria for one or more personality disorders are really suffering from ADHD.

7. Non-psychological (physical) problems associated with ADHD

There is substantial literature on the prevalence of psychiatric comorbidity in ADHD, but
non-psychiatric disorders co-occurring with ADHD have recently gained wider attention. In
addition to psychological issues, the person with ADHD may experience physical problems
including recurrent headaches, muscle aches and pains, and abdominal pain, which may
result from the bacterial infection, parasites, food allergies, neurotoxicins, or environmental
toxicity. Severe fatigue allergic disorders are asthma and eczema, respiratory infections, and
ear infections. Many adults suffer from Fibromyalgia or chronic fatigue syndrome. A
problem may arise with the medication. Those medications that are given for comorbid may
have an undesirable affect on ADHD and vice versa.

7.1 Elimination disorders

These include nocturnal enuresis, diurnal enuresis, and encopresis. According to one study,
children with ADHD may have significant higher rates of incontinence, constipation,
urgency, frequency voiding, nocturnal enuresis and dysuria than those without ADHD. For
years, clinicians have anecdotally noted an increased incidence of enuresis in children with
ADHD. Others have observed that their parents with enuresis have an increased incidence
of ADHD. Because both conditions are fairly common, it is important to have more systemic
studies that look at the relationship between enuresis and ADHD. An article in Southern
Medical Journal published in 1997 compared a fairly large group of 6-year-old children with
ADHD to a non-ADHD controlled group selected from a pediatric clinic population. That
study found 6 year olds with ADHD had 2.7 times higher incidence of enuresis (Robson
1997). Sometimes enuresis may be more upsetting for children with ADHD. A non-ADHD
child who successfully overcomes his fears may be able to accept his bedwetting more
easily. However, a child with ADHD already feels different from his peers. His
disorganization and impulsivity may lead to peer rejection and shame. Such children may
cover his shame with appearance bravado. Some children with ADHD sleep deeply and
have trouble waking up to go the bathroom when their bladder is full. A family study



ADHD and Comorbid Conditions 39

suggested that ADHD and this type of elimination disorders are etiologically independent
psychiatric conditions.

To treat the child with both ADHD and enuresis, it is important to first do a complete
physical examination and ask the individual with ADHD about current and past bedwetting
problems. Don’t neglect to ask adolescents about this too. They will rarely volunteer this
information on their own. Also, ask what treatment has been tried in the past. Some children
in their teens with ADHD have tried with different therapies in the past. Because of this,
they already might expect the treatment to fail. One may modify behavior intervention to
accommodate for the child’s short attention span. One must prioritize symptomes. If the child
has a myriad of behavior difficulties, the family cannot address all of them at once. When
the family decides this is the right time to treat the enuresis, they may have to back off with
some of their other behavior goals to avoid being overwhelmed. The child and the family
should be made aware that there are several ways to treat the enuresis. If one does not work,
you are not a failure. That should lead to making a different plan for the future.

7.2 Sleep problems

Studies suggest that children with ADHD are more likely to have sleep problems than
children without ADHD. As many as 56% of children with ADHD have problems falling
asleep, compared to the 23% of normal children (Corkum 1998). Up to 39% of children with
ADHD show a problem of waking up in the middle of the night. Resistance to go to bed and
fewer total hours of sleep seems to be a major problem with many children with ADHD and
likely adds to their difficulties in functioning at school. Studies on sleep pattern do not
typically suggest specific difficulties with the nature of sleep itself in these children. Sleep
related and involuntary movements appear to be more common in children, and these may
be specifically linked to ADHD and coexisting disorders or treatment. One study suggested
a link between ADHD and restless leg syndrome in children (Piccheietti 1998).

If sleep disorders are severe, polysomnography should be conducted. Treating sleep
disorders may improve a child’s attention at school. ADHD treatment with stimulant
medication may cause insomnia. One should consider sleep hygiene before using medicine
to reestablish new sleep-wake cycles.

7.3 Allergies

Minor allergic disorders have been implicated as a possible comorbid condition in ADHD.
Most of the evidence runs to counter the notion that there is true association between
allergies and ADHD. Despite various discussions in regards to the relationship between
allergies and ADHD, studies on ADHD and allergic rhinitis and asthma have provided
largely negative results, suggesting the relationship may be small, if it exists at all.

7.4 Eczema

A series evident immunological investigation reveals the strong association of ADHD and
eczema (atopic eczema or atopic dermatitis). This eczema is a relevant cause of pediatric
sleep disruption. Since disrupted sleep is a frequent feature of ADHD, this may constitute a
putative causal link between both disorders. Even more interestingly, two independently
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longitudinal based birth cohort studies found a persisting effect of early detection of atopic
eczema on mental health. Children who suffered from eczema during the first years of life
and showing remnants of symptoms thereafter will have an increased risk for behavior
problems at age 10. Even though the causal relation is still unclear, this data demonstrates
that eczema during early childhood predisposes kids to developmental behavior problems
later on. In a population based study on adult eczema, an association was observed with a
wide range of psychiatric issues including depression and personality disorders, indicating
that eczema may predispose individuals to age-dependent mental health problems. (Schmitt
et al, 2009)

7.5 Height and weight problems

ADHD occurred in as many as 27% of children receiving treatment for obesity (Altfas, JR
2002). In addition, several studies suggest a negative effect on height and weight after years
of treatment with central stimulant in ADHD. The evidence is equivalent and more recent
studies say that a reduction of final height may be minimal or nonexistent. Although not
related to the atopic mechanism, the assumption that nutritional components may cause or
exacerbate ADHD symptoms further fuel various therapeutic diets and emphasizes the
importance of dietary adjustments in ADHD children.

7.6 Hypertension

Blood pressure is significantly increased in individuals with ADHD treated with central
stimulant and/or atomoxetine. It is unclear at this stage whether such treatment may have a
lasting effect on blood pressure or increased risk for later hypertension.

7.7 Fibromyalgia

Fibromyalgia is a common condition in adults, particularly in women. Some adult
psychiatrists with vast experience in this age group believe the rate of ADHD has increased
the baseline population prevalence for this condition.

7.8 Perthe’s disease

This hip disorder is typically encountered in children of preschool age who more or less
start limping. It is listed here not because of there has been published empirical studies of
possible connection between ADHD and Perthe’s disease but because some pediatric
orthopedics have suggested that many young patients with a hip problem may have ADHD.

7.9 Clumsiness

This occurs in 50% of children with clinical diagnosis of ADHD. Also, nearly half of children
with clumsiness display ADHD. It is associated with attention, reading, and writing
problems. Children with ADHD are more likely to experience injuries due to accidents than
normal children.

Clumsiness improves over time, but 1/3 of children will carry it into adult life, causing
problems with fine and/or gross motor movements (Kadesjo, B 1999).
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7.10 Epilepsy

Three percent of children with ADHD have some kind of seizure disorder. Twenty five
percent of children with epilepsy will have ADHD. Most children with ADHD and
comorbidity will have staring episodes. It can be differentiated from any kind of seizure by
asking the parents to make the child blink. If the child blinks, it is very unlikely that it is a
seizure. If the staring is related to seizures, then there will be more autonomic nervous
system related signs, such as increased heart rate and pupil dilation. Every child with the
diagnosis of ADHD needs a routine EEG to rule out the most common disorder, childhood
absence epilepsy. Though partial complex and generalized seizure disorders may exist, an
EEG can confirm those findings.

Appropriate anti-epileptics should be used as treatment, in addition to treatment of ADHD.
There is a 1-3% chance that stimulant medication may worsen the underlying seizure
disorder.

8. Discussion

It can be challenging to identify and treat children with ADHD, especially in those with
comorbidity. The high prevalence could be due to increased awareness by clinicians. Parents
may refuse to accept their child’s diagnosis of ADHD, and much less that of a comorbidity.

The high comorbidity rate between ADHD and other disorders have essentially created
confusion regarding the definition of a true ADHD diagnosis. Since most children or adults
with ADHD also have a second diagnosis where both sets of symptoms frequently overlap,
critics suggest that the new scenes of ADHD have not been adequately described. Some
even suggest that making an early ADHD diagnosis in a very young child is inappropriate.
For instance, recently identified conditions in the DSM of early onset bipolar disorder
mimics ADHD in the areas of impulsivity, mood inconsistencies and hyperactivity. It may
not be clear whether a very young child suffers from ADHD, early onset bipolar disease or
another condition that mimics ADHD symptoms. Obviously establishing an accurate
ADHD diagnosis is very challenging for even the best clinician.

First point I would like to discuss is in regards to mental retardation. The diagnosis of
ADHD should be given only when the symptoms of inattention or hyperactivity are present
to the degree in excess of mental retardation of a child. However, there are no criteria for
evaluating developmental inappropriateness in term of mental age. Some investigations
consider it insufficient to establish deviation in terms of chronological age-appropriate
behavior without special consideration to the mental age. Even with this difficult data
determining developmental appropriateness, it is better to exclude the patient under mental
age of 4 years and the patient of moderate to severe mental retardation with IQ under 50.
The cases of mental retardation and borderline intelligence together show the significance of
concomitant delay and mental development. There are no reports of an ADHD patient with
mental retardation and borderline intelligence. This finding makes it necessary to
incorporate intelligence testing in ADHD diagnosis for evaluating whether the patient has
maladaptive behavior arising not only from ADHD but from mental delay, as well.

It is clear that the issues of comorbidity have important implications for understanding
assessment and treatment of the children with ADHD. Children with ADHD significantly
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display a learning disability, OCD, CD, anxiety disorder or depressive disorder while still
others may show evidence of a co-occurring tic disorder or perhaps a bipolar disorder. Some
show multiple comorbid disorders. The presence of comorbid conditions likely has a
significant implication for long-term outcome. Children with comorbid features often show
more serious levels of impairment, are more likely to have continuing problems and require
a greater utilization of mental health services than do those without evidence of
comorbidity. Assessing the presence of comorbid features complicate the clinical pictures
essential in working with children with ADHD.

Giving the proper assessment should lead to optimal treatment. A treatment program for
children with ADHD and comorbid conditions should address the full range of problems
highlighted by assessment findings. For example, when a child not also only shows the
feature of ADHD but also meets the diagnostic criteria for oppositional defiance disorder
and learning disorders, treatment should focus on all the problems associated with each of
these areas. This might involve pharmacological treatment for dealing with the child’s
hyperactivity, impulsivity, and inattentive behavior. Parents must be oriented to behavior
management approaches to modify oppositional defiance behavior. Specially designed
educational approaches are available to assist the child academically. Likewise, in the case of
a child with ADHD and comorbid depression, it will be necessary to treat the child’s
depression as well as ADHD symptoms. With children displaying other patterns of
comorbidity, other combinations or approaches to treatment may be suitable.

Simply treating symptoms of ADHD is not enough. Appropriate case management involves
addressing the full range of clinical problem displayed. Indeed, effective treatment for
children with ADHD and comorbid condition is likely to be multi-disciplinary in nature and
more extensive and complex than the treatment for children with uncomplicated ADHD.
More research is needed to guide treatment of children with ADHD who display a specific
pattern of comorbidity.

Thus, ADHD is a complex condition, affecting at least 5% of children population and
therefore, needs to be better identified and treated (Farone, S 2003). Those who seek medical
or psychological help have at least one or more majorly associated disorders or problems.
These problems need to be appropriately identified and treated, as well.

Co-existing disorders affect the outcomes of individuals with ADHD. It is not well known
about the long-term outcome of children with ADHD and comorbidity. Some of these
conditions like ODD and conduct disorders have a long-term negative prognosis in terms of
later substance abuse and anti-social personality disorder. The clumsiness may affect long
term academic problems.

A long-term follow study is needed to address the outcomes of these comorbidities with
ADHD.
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1. Introduction

ADHD is commonly defined as a condition that affects attention, learning and behavior
(American Psychiatric Association, 2001). Despite that over twenty years of scientific
research has defined ADHD as a neurodevelopmental disorder, with the higher
hereditability among psychiatric disorders; clinical-empirical taxonomy (DSM-1V) still
prevail (McGough & McCracken, 2006).

From an empirical point of view, other difficulties and also disorders that accompany this
condition are considered “comorbid” (meaning: secondary). However several studies have
found that quality of life in adolescents and adults with ADHD-child-diagnostic is not only
related with attention deficits-severity, but also-mainly to comorbidity (Klassen, Miller &
Fine, 2004). Yang et al. (2007) studied a sample of 1000 children and adolescents with
ADHD, finding that comorbidity symptoms increases in relations to age, reaching the
highest impact on behavior by the end of adolescence. Other studies are in agreement that in
transition to adulthood comorbidity tends to: a) increase in intensity, and/or b) to appear
for the first time (Kessler et al., 2006).

Particularly conduct and negativistic disorders are highly related with other types of
comorbidity (Rhee, Willcutt, Hartman, Pennington & Defries, 2007); some studies have
found that comorbidity-type could be more important than attention-deficits-severity to
produce and explain clinical behaviors: in general literature indicates that when ADHD and
conduct disorder are clearly present and combined, the psychological impact is far more
important than the effects produced separately by each disorder (Waschbusch, 2002); this
impact is not found in the same magnitude for anxiety, depression or bipolar disorder
(Pliszka, 2006). Flory et al. (2003) studied 481 adults with childhood-ADHD diagnosis,
finding that subjects with higher characteristics for conduct disorder presented higher levels
of drug consumption; in this same perspective Donohew et al. (1999) reported a relationship
between the sensation seeking behavior profile and drug consumptions in adolescents
(alcohol and marihuana). Harty et al. (2009) studied 87 children with ADHD, selecting from
this sample subjects with oppositional defiant disorder diagnosis, and conduct disorder,
applying diverse behavioral scales to set an initial evaluation during childhood (aggression,
anger, and hostility), and a second evaluation teen years later. Finding that the ADHD-
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conduct disorder group presented higher levels of physical aggression in adolescence; both
comorbid groups presented significant increment of anger (compared with adolescents with
ADHD-only). Authors propose that emotional dysrequlation could be an important
component for ADHD during transition from childhood to adolescence.

Specific results on ADHD from the national comorbidity survey replication (Kessler et al.,
2006) show a very important negative relation between years of school and symptoms
prevalence: adults with ADHD profile presents fewer years of education, even adults with
childhood onset without current full-symptoms presents a tendency to have mid to low
education level (compared with the general population).

This report outlines that a diverse number of studies that have documented high societal
costs for anxiety, mood and substance use disorders, have not included the role of comorbid
ADHD. Indicating that only 10% of respondents diagnosed with ADHD reported having
received treatment for adult ADHD, this percentage is significantly lower than the reported
rates for anxiety, mood, or substance use disorders. Revealing that many people with adult-
ADHD are in treatment for other mental or substance use disorders but not for ADHD
(Kessler et al., 2006).

ADHD symptoms overlap and are frequently prevalent among patients with others
psychiatric disorder (mood, anxiety, substance use, and impulse control disorders).
Metanalysis have shown that DSM-1V criteria for adult-ADHD has unclear validity, provoking
underdiagnosis (Simon et al. 2009). This clinical under-recognition may negatively influence
treatment effectiveness and outcome success (Barkley & Brown, 2008).

McGough et al. (2009) interviewed 435 parents in 230 families with at least one affected
children (present or past) with ADHD, using different rating scales based on DMSM-IV.
Parents affected with ADHD (past or present affection) presented lower educational and
occupational achievement, higher rates of lifetime comorbidity for depression, anxiety,
disruptive behaviors, and substance use disorder. Higher risk for disruptive disorder was
predicted only by male sex and ADHD; substance use disorder was mainly predicted by
disruptive behavior disorders, male sex, and lower socioeconomic status.

Sex differences in comorbidity have also been found: in women drug consumption is mainly
related to depression and anxiety (McGough et al., 2005). Ruhl et al. (2009) studied 2064
young-women (aged 18-25) with a structured interview according to DMS-IV criteria.
Finding a 1.5% lifetime prevalence for ADHD, with 14% still suffering from ADHD since
Childhood. Lifetime prevalence for conduct, somatoform, or posttraumatic stress disorder
was significant higher in ADHD-women. Females with past or current ADHD-diagnosis
were almost twice vulnerable to suffer from depressive or phobic disorder (than women
from the general population). Authors also highlights that even when ADHD-diagnostic
criteria is no longer fulfilled in adulthood, women with ADHD since childhood presents
and increased prevalence for psychiatric comorbidity.

2. Is comorbidity a psychological science?

Drake and Wallach’s (2007) article title is a perfect frame to develop this issue, like
Stefanatos and Baron (2007) they propose scientific frames for conceptualizing and studying
ADHD-comorbidity, instead of “clinical-empirical” criteria.
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Barkley (2009) and other scientists (i.e. Diamond, 2005) have demonstrated conceptual
limitations in DSM-IV conceptualization for ADHD: according to Barkley diagnostic
sensitivity to impulsivity symptoms is underrepresented in DSM-IV; pointing out that from
a scientific-cognitive perspective, behavioral and cognitive control does not depend of
attentional but on executive functions (these functions are mainly dependent on prefrontal
cortex development -Diamond, 2001; van Leijenhorst et al., 2010-). They also highlights that
others symptoms-behaviors-characteristics that could differentiate impulsivity like another
possible category in ADHD are not appropriately represented in DSM-IV criteria.

Manassis et al. (2007) have found that children with anxiety disorders present an enhanced
perception for negative emotions, specifically an incremented response in attention and
memory processing to threatening stimuli; whereas ADHD-anxiety children didn't
exhibited this profile. Authors consider that for each group anxiety may present different
psychophysiological causes and characteristics.

Studies that compared children with ADHD-only vs children with ADHD-oppositional
defiant disorder, reports attenuated electrophysiological responses (less P300 activation to
cues) during attentional tasks (Continuous Performance Task: CPT) specifically for children
with ADHD-only; indicating difficulties with anticipation and response preparation. This
electrophysiological pattern is absent in ADHD-oppositional defiant disorder, indicating
that comorbidity should not be viewed as a simple clinical-addition (Luman et al., 2009).

A consistent relationship between right hemisphere activation and a perceptual bias for
negative emotions (fear, anxiety and sadness) has been frequently documented: more right-
frontal activity is found in shy-evitative children, and in subjects with depression and
anxiety; in contrast more lef-frontal activity is found in sociable and low-social-fear children
(McManis, Kagan, Snidman & Woodwrad, 2000). By studying children with ADHD and
their parents (affected and not affected), with electrophysiological recording during an
attentional task (CPT), Hale et al. (2010) found that affected subjects (children and parents)
presented an increased rightward asymmetry across frontal and central regions. An
interesting relationship has been found: increased ADHD-familial loading correlated with
increased rightward frontal asymmetry, instead increased rightward parietal asymmetry
was correlated with reduced ADHD-family loading. Overall, this psychophysiological
profile could predispose subjects with ADHD to be perceptually-biased to negative-
emotional processing.

Schwartz et al. (2010) measured the orbito-frontal cortex density in normal subjects (18 years
old) previously characterized in infancy as low-reactive or high-reactive subjects, finding
that participants with low-reactive infant temperament presents greater thickness in the left
orbito-frontal cortex, while subjects with high-reactive infant temperament present greater
thickness in the right orbito-frontal cortex.

In literature it's been described that children with conduct disorder present mainly
motivational problems, whereas children with ADHD present mainly attention deficits;
Rubia et al. (2009) studied (by functional magnetic resonance imaging) 14 children with
conduct disorder, and 18 children with ADHD; using a reward continuous performance
task, and a sustained attention task. Results show brain activation differences between
groups: conduct disorder subjects presented underactivation in paralimbic regions whereas
ADHD subjects presented underactivation in diverse cerebral areas including prefrontal
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cortex. During the reward condition, conduct disorder subjects presented underactivation in
right orbito-frontal cortex, while ADHD presented underactivation in posterior cingulated
and precuneus; indicating neurocognitives differences among different clinical profiles.

Luman et al. (2009) found some neuropsychological differences among ADHD-children vs.
ADHD-oppositional defiant disorder (ODD): children with ADHD-only presented
difficulties in inhibition, timing estimation and reinforcement sensitivity, whereas children
with ADHD-ODD presented an increased variability in timing estimation. Authors
concluded that ADHD-ODD do not represent a more severe form of ADHD, instead a
different one.

These studies indicate that neurocognitive/neuropsychological profiles are more specific
and clinically illustrative for understanding comorbidity. Diverse authors has outlined that
comorbidity is not only accompanying the disorder, and do not represent a clinical
ambiguous variant for a given disorder. Instead the disorder itself and other -apparently no
primarily related- clinical characteristics could depend on common cognitive, psychological
and/ or neuropsychological mechanisms.

Due that ADHD-comorbidity physiopathology is highly heterogeneous, it's been proposed
that -scientific- models of comorbidity should be proposed. (Drake & Wallach, 2007;
Stefanatos & Baron; 2007, Taurines et al. 2010). And although a neuropsychological
approximation to understand the basic mechanisms of “psychological” disorders is
continuously increasing, the neuropsychological profile for each disorder hasn’t yet
acquired a central role in diagnosis and treatment (Beblo, Sinnamon & Baune, 2011:
Neuropsychology Review). However with this approximation an optimal comprehension for
this “attentional” disorder could be achieved (Diamond & Anso, 2008).

3. A neuropsychological perspective in ADHD

From a neuropsychological perspective comorbidity is considered part of the same brain
and cognitive mechanisms that produces attentional and or behavioral difficulties (Barkley,
2009; Diamond, 2005): children with attentional-variant presents a different (opposite)
pattern of cognitive and behavioral profile than children with the hyperactive-variant.
Inattentive profile includes social isolation, behavioral passivity, and cognitive slowness; in
contrast hyperactive profile includes aggressive behavior, emotional instability, cognitive
impulsivity and social disruptiveness (Flores Lazaro, 2009; Maedgen & Carlson, 2000).

Attentional mechanisms do not represent a general-valid construct to explain: rejection to
follow rules and to perform organized-structured activities, immediate seeking for
gratification, low motivational drive, emotional lability, etc (Diamond, 2005). Instead of
comorbidity summation, basics and common neuropsychological mechanism are proposed in
order to explain from wider perspective attentional, behavioral and psychological profiles
(Barkley, 1997, 2009; Stefanatos & Baron, 2007).

The principal neuropsychological characteristics seen in ADHD could be explained by
deficits in executive function, these functions depends on different brain circuits mainly
located in prefrontal cortex (Barkley, 2010); for example children with combined-ADHD
present more deficits in strategic memory -an executive function- than children with
inattentive-ADHD type (Castel, Humpreys & Moore, 2011). Executive functions permits
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complex cognitive and behavioral control, and are critical for success in school and daily life
(Diamond, 2011).

4. Attentional sub-type as an ADHD-cortical form

Metanalysis of 19 developmental-functional neuroimaging studies in normal subjects has
found that: fronto-parietal networks-interaction allows conscious-cognitive control of
attentional processes. During brain development, functional integration between these and
others networks is constructed; this phenomena also permits functional integration among
several executive functions like inhibitory control, set switching and working memory (Fair
et al., 2007). Inattentive predominant profile in children with ADHD includes difficulties in
working memory, volume and processing speed, primary learning difficulties, and social
isolation; the absence of behavioral difficulties as dominant profile, implicates neo-cortical
mechanism that explains predominant cognitive consequences (Diamond, 2005).

Attentional control (focusing, stability, and alternation) and attentional processing (volume,
processing speed) for cognitive academic and working environmental demands, depends
mainly on cortical control -top-down regulation-; during child development, delay and
inadequate integration between fronto-parietal networks leads to difficulties in attentional
control and other executive functions (Fair et al., 2007). Stimulants like atomoxetin enhances
prefrontal cortex functioning in ADHD-subjects -trough adrenergic and dopamine
receptors- (Gamo et al., 2010); with positive psychophysiological results.

5. Hyperactive sub-type as a ADHD-fronto-striatal form

Hyperactivity, constant seek for gratification, motivational instability, cognitive impulsivity
(works with hurry) and anxiety, has been the core symptoms in hyperactive sub-type (Rubia
et al, 2009). Fronto-striatal circuits are highly replicated in literature for hyperactive
children, pharmacological treatment with stimulants like Methylphenidate produces
positives psychophysiological changes in cortical (cognitive) and fronto-striatal (dopamine-
reward systems) functioning (Zhu et al., 2011). It’s been established that inhibitory control is
the core mechanism for this variant (Barkley, 2009), this executive function permit optimal
cognition and behavior regulation; metanalysis on 19 studies using Stroop interference
measure (inhibitory control), indicates that this process is consistently compromised in
ADHD (Lansbergen, Kenemans & van Engeland, 2007).

During development dynamic interactions between brain regions changes, especially in
fronto-estriatal circuits, as a result hyperactivity significantly diminishes during late
childhood-adolescence; instead sensation seeking (for reward-goal oriented activities)
develops in a N-shaped along childhood-adolescence-adulthood. Motivational cues for
potential reward are specifically incremented in adolescence (striate hyper-responsiveness),
and can lead to riskier choices during goal-oriented behavior (Somerville & Casey 2010).
Diverse studies that includes functional neuroimaging have found that only during
adolescence a striate hyperactivation for reward expectation occurs (Van Leijenhorst et al.,
2010), and although risk-detection capacity (in normal subjects) is adult-competent since 13
years old (Crone et al., 2005); in ADHD-adults is clinically diminished (Malloy-Diniz et al.,
2007).
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Emotional dysregulation (e.g. high sensation seeking despite risk consequences) in ADHD
could lead to greater risk for psychopathological comorbidity (Blaskey, Harris & Nigg,
2008). Grall-Bronec et al. (2011) studied 85 adults with pathological gambling (this disorder
is characterized by inadequate reward-regulation - Brevers et al., 2011-), finding that more
than 25% of this sample presented history of ADHD, this subgroup presented elevated
anxiety and impulsivity, more severe gambling problems, a higher frequency of psychiatric
comorbidities and an elevated suicidal-risk.

6. Impulsivity as a fronto-temporal-ADHD type

Behavioral impulsivity, aggressiveness, conduct disorder, and emotional outburst; are the
core symptoms in impulsivity variant (Harty et al., 2009). Fronto-temporal mechanisms are
responsible for optimum regulation of emotional-based behavior (Gupta, Koscik, Bechara &
Tranel, 2011), adequate frontal regulation to emotional-based responses represent an
important prerequisite for interpersonal and social interactions, allowing subjects to regulate
verbal and behavioral interactions; these processes are fundamental for socially-adjusted
behavioral and personality development during childhood (Damasio, 2005). Based on
genetics studies low serotonin metabolism has been outlined as the key neurotransmitter
system for behavioral-impulsivity and aggression in ADHD (Oades et al., 2008). By using
magnetic resonance imaging Boes et al. (2008) studied the relationship between impulsive
control and volume-size for diverse brain regions (including amygdala, anterior cingulate
cortex and prefrontal cortex) in 61 normal-boys from 7 to 17 years old; finding that subjects
with poorer impulsivity control presented (significantly different) less volume in the right
ventro-medial -orbital- cortex.

Literature indicates that ADHD and conduct disorder combination represent a very
important clinical condition (Waschbusch, 2002). Barkley and Fischer (2010) studied the
influence of emotional impulsiveness over social, laboral and daily live activities , in 135
ADHD-young-adults; finding that if ADHD-symptoms are still persistent in adulthood,
emotional impulsiveness severity contributes to significant impairment in occupational,
educational, legal, and financial aspects. Authors highlight the importance of impulsivity in
ADHD-criteria, considering it’s at least as important as inattention/hyperactivity dimension
for the development of adequate social, occupational and interpersonal functioning.
Although highly important, impulsivity dimension is under-represented in DSM-IV criteria
for ADHD (Barkley, 2009).

7. Comorbidity classification by neuropsychological criteria

In most cases in literature comorbidity is reported in relationship to prevalence (clinical-
epidemiological approach), however ADHD-subtypes in adults are associated with different
clinical comorbid correlates (Sprafkin et al., 2007), results coincide in describing
predominant behavioral-psychological disorders in combined-ADHD, and predominant
cognitive disorders at inattentive type (Murphy, Barkley & Bush, 2002). To explore
comorbid profiles from a neuropsychological point of view, a sample of 61 male-children
with ADHD-diagnosis (DSM-1V criteria) were selected. Participants had between 6 and 10
years-old (mean: 7.6). Inclusion criteria were: not-medicated for ADHD (or any other
neurodevelopemental/ psychiatric disorder), no history of psychological treatment, normal
L.Q. (WISC); exclusion criteria: others non-related neurodevelopmental disorder (epilepsy,
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cognitive deficit, etc). All subjects were evaluated with diverse neuropsychological tests,
and evaluated by clinical-psychological criteria (see Flores Lazaro, 2009 for details). On the
first analysis 20 subjects with ADHD-attentive type (ADD) (group one) were compared vs.
10 subjects with ADHD-combined (ADHD-C) type and 10 subjects with ADHD-impulsivity
with or without hyperactivity-variant (ADHD-I-H) (group two: ADHD-C-I).

Based on Diamond (2005) proposal, comorbidity was divided in behavioral-psychological,
and cognitive. Statistical analysis was performed by Fisher’s exact test (FET). All results
including tables are adapted from Flores Lazaro (2009)*

Data presented in tables 1 and 2, supports Barkley’s and Diamond’s basic division,
illustrating that both groups are significantly different in behavioral-psychological and
cognitive dimensions. These results coincide with other studies (Capdevila-Brophy, et al.,
2005; Maedgen & Carlson, 2000). ADHD-C-I group is mainly characterized by behavioral-
psychological comorbidity; whereas cognitive comorbidity represents the main
characteristic for ADD group.

Behavioral-psychological comorbidity ADHD-C-I ADD FET
Mood disorders 43 % 10% 017
Conduct disorder an/ or agressivity 39% 8% .040
Negativistic defiant disorder 39% 0% .032
Anxiety /anxiety disorder 35% 8% .040
Socialization difficulties 35% 40% 432
Avoiding to follow rules-instructions 39% 0% .001
Infantilization 39% 0% .002
Low tolerance to frustration 35% 17% 101
Insecurity (low self-concept) 13% 36% .022

Table 1. Percentage on behavioral-psychological comorbidity and differences between
ADHD-C-I and ADD

Cognitive comorbidity ADHD-C-I ADD FET
Visoespatial difficulties 39% 70% .014
Mathematics learning disorder 17% 40% .032
Reading learning disorder 26% 35% .356
General learning disorder 4% 35% .001
Language difficulties/dysphasia 4% 30% 012

Table 2. Percentage on cognitive comorbidity and differences between ADHD-C-I and ADD

It's important to outlined that socialization difficulties are due to different causes in each
group (evitative vs disruptive), reading learning disorder are also due to different
neuropsychological causes (Roselli, Matute & Ardila, 2006). Even when general-clinical-

* Partially/ totally reproduced from "Caracteristicas de comorbilidad en los diferentes subtipos de trastorno
por déficit de atencién con hiperactividad" de J.L. Flores Lazaro, 2009, Psicothema, 21(4), p. 594, 595.
Copyright 2009 del Colegio Oficial de Psicélogos del Principado de Asturias. Reproducido con permiso"
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criteria coincide, psychological and neuropsychological analysis permits to scientifically
differentiate specific differential-causes for the same criteria. Literature has progressively
demonstrated that clinical-empirical dimensions without psychological, psychophysiological,
or neuropsychological scientifically bases should not serve as professional taxonomic criteria
(McGough & McCracken, 2005; Stefanatos & Baron, 2007).

8. Hyperactive, inattentive and impulsive variants analysis

During transition from childhood to adolescence, emotional regulation represents a central
component for ADHD-mental health (Barkley & Fisher, 2010), due that impulsivity variant
is underrecognized in DSM-1V criteria (Barkley, 2009), and that emotional dysregulation is a
core characteristic for impulsivity subtype (Harty et al., 2009); ADHD-Impulsivity variant
still represents a very important clinical subgroup for scientific study.

Current knowledge on cognitive neuroscience and neuropsychology permits to validate the
pertinence to investigate differences among hyperactive vs. impulsive subjects. Therefore a
second analysis was performed with a three-group division: 20 children with inattentive
variant (ADD), 20 children with combined variant (ADHD-C), and 21 children with
impulsivity variant -with or without hyperactivity- (ADHD-I). Results are presented in
tables 3 and 4, data shows a clear cognitive to behavioral-psychological comorbidity
transition: inattentive-hyperactive-impulsive. As expected by neuropsychological criteria,
impulsivity variant presents the highest significant-frequent behavioral-psychological
comorbidity; Inattentive variant continues to present the highest significant-frequent
cognitive comorbidity. Interestingly Hyperactive variant lies in the middle range on this
group-division. Results illustrate Barkley’s point of view that impulsivity-variant represents
a sufficiently differentiated clinical-group.

Impulsivity-variant suggests fronto-temporal mechanisms as the main causes for
comorbidity, differently to fronto-strital mechanism on hyperactive-variant. However
specifics neuropsychological, psychophysiological, structural and functional neuroimaging
studies should differentiate fronto-parietal, fronto-striatal and fronto-temporal mechanisms
for each cases.

Behavioral-psychological comorbidity | ADHD-I FET ADHD-C | FET ADD
Mood disorders 47% 202 31% 118 10%
Conduct disorder an/or agressivity 42% 191 26% 204 10%
Negativistic defiant disorder 31% .002 0% 0%
Anxiety/anxiety disorder 37% 415 31% 118 10%
Socialization difficulties 45% 191 26% 250 40%
Avoiding to follow rules-instructions 52% .038 25% 024 0%
Infantilization 26% 329 42% .002 0%
Low tolerance to frustration 31% .585 35% 137 15%
Insecurity (low self-concept) 5% 284 15% 137 36%

Table 3. Percentage on behavioral-psychological comorbidity and differences between
groups
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Cognitive comorbidity ADHD-I FET ADHD-C | FET ADD
Visoespatial difficulties 70% .100 42% 222 26%
Mathematics learning disorder 40% .250 25% .081 5%
Reading learning disorder 34% .500 40% .065 15%
General learning disorder 34% 022 5% 488 0%
Language difficulties/dysphasia 30% 118 10% 232 0%

Table 4. Percentage of cognitive comorbidity and differences between groups

9. Comorbid profiles according to ADHD-variants

Comorbid characteristics among different ADHD-subtypes analyzed are specific,
behavioral-psychological comorbidity is listed from more to less frequent:

- Inattentive profile: socialization (evitative -type), and low self-concept.

- Hyperactive profile: infantilization, low-tolerance to frustration, anxiety/anxiety
disorder, mood disorders, conduct disorder/aggressiveness, socialization, and avoiding
to follow rules and instructions,

- Impulsivity variant: following rules, limits and instructions. Mood disorders,
socialization (disruptive-type), conduct disorder/aggressiveness, anxiety/anxiety
disorder, negativistic defiant disorder, low-tolerance to frustration, and infantilization.

Cognitive comorbidity is listed from more to less frequent:

- Inattentive: visoespatial, mathematics, reading, and general learning difficulties,
language/dysphasia.

- Hyperactive: visoespatial, reading, and mathematics learning difficulties.

- Impulsive: visoespatial, reading learning disorder.

Behavioral-psychological comorbidity FET
Mood disorders 012
Conduct disorder an/or agressivity 025
Negativistic defiant disorder .003
Anxiety/anxiety disorder 048
Socialization difficulties .607
Avoiding to follow rules-instructions .000
Infantilization .014
Low tolerance to frustration 181
Insecurity (low self-concept) .015

Table 5. Differences on behavioral-psychological comorbidity between extreme groups:
ADD vs ADHD-I-H

10. Extreme groups division

As shown in tables 3 and 4, ADD and ADHD-I groups represent extreme comorbidity:
behavioral-psychological vs cognitive. In order to analyze statistical differences among these
groups FET has been applied. Results are presented in table 5 and 6, data indicate
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clearer/most frequent significant differences both comorbidity-types; inclusion of children
with Hyperactive-variant (a transitional group) tends to diminish statistical differences (see
tables 3 and 4).

Cognitive comorbidity FET
Visoespatial difficulties .005
Mathematics learning disorder .006
Reading learning disorder .100
General learning disorder .003
Language difficulties/dysphasia .007

Table 6. Differences on cognitive comorbidity between extreme groups: ADD vs ADHD-I

11. Conclusions

Neuropsychology permit to establish a conceptual bridge between clinical and basics
sciences (psychology and neurosciences). Applied neuropsychological research posses high
environmental validity in clinical settings (Beblo et al., 2011). Several researchers have
criticized the reluctance of psychiatry-practice to move toward scientifically oriented
pathophysiology -neurosciences- more common in actual days to general medicine and
psychology (McGough & McCracken, 2005); from a neuropsychological point of view
ADHD is mainly a disexecutive disorder in which several cognitive, behavioral and
psychological consequences are present, in different form, at diverse ontogenetic moments.
In ADHD, attention is only one of these consequences; and for an important number of cases
is not the most important. Diverse clinicians and researches in this field began to underline
the need for systematic neuropsychological evaluation in order to objectify attention
disorders (Chambry et al., 2011), interpretations on these results should be made within
valid scientific models (Drake & Wallach, 2007; Stefanatos & Baron, 2007). Professionals
should understand basic neuropsychological and psychological mechanism causing ADHD:
attention is ONLY one of the cognitive processes involved, due to inadequate development
in executive function control; in most cases comorbidity is ALSO explained by the same
psychophysiological and/or neuropsychological mechanisms; based on this comprehension
intervention programs will be more specific, and above all: more scientifically oriented.

Drake and Wallach’s fundamental question for psychology may be better answered in this
form: ADHD-comorbidity is -mainly- a neuropsychological science.
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1. Introduction

In the evaluation of Attention Deficit Hyperactivity Disorder (ADHD), medical and
behavioral problems related to sleep are important to consider. A relationship between
ADHD and sleep has been acknowledged for some time. Sleep disturbances were among
criteria for ADHD diagnosis in the past and rating scales for ADHD included items related
to sleep disturbance (American Psychiatric Association [APA], 1987; Conners, et al. 1998,
1998). While our knowledge about the relationship between ADHD and sleep problems has
improved in recent years, it remains challenging to tease apart the effect of insufficient or
poor quality sleep on attention, alertness, learning and behavior and what might be due to a
primary ADHD, mood or behavior problem (Simonds, 1984). This interface of mental health
disorder and sleep disorder is a challenge many clinicians face in practice. Medical, mental
health, behavioral and psychosocial factors can directly affect the quality and duration of
sleep. Poor sleep, in turn, can have effects on daytime functioning and health. In addition,
such medical and mental health problems can have direct effects on attention, learning and
behavior. Sorting out the important contributing factors during a comprehensive evaluation
can be challenging due to sleep and ADHD problems commonly co-occurring. The primary
purpose of this chapter is to highlight the importance of including the evaluation of sleep as
a part of the assessment of disorders such as ADHD because the best management for the
individual patient depends on the accuracy of the diagnostic evaluation.

As discussed in other chapters in this book, ADHD is a common disorder that presents in
childhood. It is estimated to affect 5-10% of school-age children and adolescents (Committee
on Quality Improvement, 2000). Symptoms such as distractibility, forgetfulness and failure
to complete work typify inattentive-type ADHD. Impulsivity, over activity and being
fidgety are among symptoms that are common for individuals with hyperactive-impulsive
type ADHD. Having symptoms that meet criteria for both subtypes is required for a
diagnosis of combined-type ADHD. DSM-IV criteria require that symptoms have onset
before age 7 years (APA, 2000); however, the symptoms of inattentive-type ADHD are often
subtle and not recognized until later school years when the academic curriculum is more
challenging and requires greater executive functioning skills to keep pace and do well. In
addition, the symptoms of ADHD are non-specific on their own and can be related to other
factors, contexts and diagnoses. Due to this, it can be challenging to determine if the pattern
of an individual’s behavior is best described by the diagnosis of ADHD.
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Sleep problems occur commonly, from infancy through childhood and adolescence and are
related to daytime behavioral concerns. For instance, bedtime resistance and night waking
are common among toddlers and preschoolers, affecting 30% or more. A significant
relationship between sleep problems and parent-reported concerns about internalizing and
externalizing behaviors has been demonstrated for this age group (Reid, 2009; Mindell,
2010). Among school-age children, 11 to 37% have problems with sleep and many describe
feeling sleepy during the day (Sleep in America Poll Summary of Findings [SAP], 2004).
Studies of adolescents and the 2006 National Sleep Foundation Poll of US adolescents
nationwide also describe a high prevalence of sleep problems at this age (Owens, 2005; SAP,
2006). Forty-five percent of adolescents report short night time sleep durations and more
than half report feeling tired or sleepy during the day. Many adolescents also report feeling
unhappy and that they are not getting enough sleep.

In this chapter, we will discuss: the neurobiological aspects of ADHD and sleep; typical
patterns of normal sleep for children and expected age-related changes; common sleep
disorders and their effects on daytime functioning with particular attention to ADHD; sleep
characteristics for children with ADHD and the effects of medications; and the importance
of screening for sleep concerns in the evaluation and management of ADHD.

2. Neurobiology
2.1 Neurobiology of ADHD

To review our current understanding about the overlap of ADHD and sleep from a
neurobiological perspective, we will briefly review key concepts for ADHD, and sleep in
this section. Although the pathophysiology of ADHD is quite complex and likely results
from a combination of multiple factors, genetic and environmental variables have been
identified as possible contributing components (Faraone, 1998). Anatomical studies have
isolated abnormalities in brain regions associated with cognition, executive functioning and
behaviors consistent with ADHD (Dahl, 1996). Functional MRI (fMRI) studies have similarly
demonstrated abnormal activation in these areas, including the prefrontal cortex, anterior
cingulate gyrus and thalamus (Durston, 2003; Rubia et al., 2011). Gross anatomic studies
have demonstrated a lower total brain volume in children with ADHD (Curatolo et al., 2009;
Makris et al., 2009; Tripp, 2009). Additionally, decreased size of the right frontal lobe (RFL),
corpus callosum, striatum and cerebellum have been observed in children and adolescents
with ADHD (Curatolo et al., 2009; Makris et al., 2009; Tripp, 2009). The areas found to be
different in ADHD are those which support emotion and higher brain functions including
executive function and attention (Makris et al., 2009). Abnormalities observed in the
cerebrum and cerebellum have been found to persist with advancing age, whereas,
abnormalities in the caudate normalize with age (Curatolo et al., 2009; Konrad & Eickhoff,
2010).

These anatomical studies and elucidating the mechanisms of stimulant medications used to
treat ADHD, have helped to further our understanding of the neurobiological basis of this
condition. ADHD is associated with catecholamine dysregulation, specifically related to
dopamine and norepinephrine (Curatolo et al., 2009; Faraone, 1998, 2005; Gonon, 2009;
Makris et al., 2009; Rosa-Neto et al., 2005; Swanson, 2000; Tripp, 2009). The dysregulation of
dopamine in ADHD has been the focus of much inquiry. One neurophysiologic finding
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characteristic of ADHD, which is thought to underlie some ADHD symptoms, is an atypical
response to reward (Tripp, 2009; Nigg, 2005). Dopamine is thought to be an important
component of the neural system of reward (Tripp, 2009), as well as for ADHD. The brain
regions believed to be important in children and adults with ADHD, in which gross
anatomic differences have been demonstrated, are rich in dopamine signaling (Curatolo et
al., 2009; Makris et al., 2009; Tripp, 2009). Additionally, genes associated with ADHD are
involved in the regulation of extracellular dopamine (Faraone, 1998, 2005; Swanson, 2000).
The therapeutic mechanism of stimulant treatment is related to dopamine and other
catecholamines, and stimulant treatment is most often used in ADHD (Del Campo et al,,
2011; Rosa-Neto et al., 2005; Rubia et al., 2011). Methylphenidate exerts a therapeutic effect
for ADHD by increasing the extracellular availability of dopamine (and norepinephrine) by
blocking the reuptake of dopamine via transporter binding (Del Campo et al., 2011; Tripp,
2009; Faraone, 1998). Amphetamines work similarly to methylphenidate, but also increase
the release of dopamine and norepinephrine and decrease the catabolic activity of
monoamine oxidase (Del Campo et al, 2011). PET imaging studies have shown acute
increases in extracellular dopamine with methylphenidate administration (Rosa-Neto et al.,
2005). Thus, the stimulant medications are thought to correct an underlying deficit related to
dopamine regulation and availability.

Additional catecholamines, including norepinephrine and serotonin are thought to play a
role in ADHD; however the roles of these neurotransmitters are less well understood
(Zimmer, 2009; Del Campo et al., 2011). Norepinephrine neurons are mainly located in the
locus cerulus, part of the reticular activating system, which is thought to be an important
center in regulating attention and arousal (Owens, 2005). As discussed above, extracellular
norepinephrine levels are increased with the use of psychostimulant medications (Del
Campo et al.,, 2011). Non-stimulant medications, atomoxetine and alpha-agonists, effectively
increase extracellular norepinephrine levels and have also been successfully used in the
treatment of ADHD. A serotonin transporter has been associated with ADHD (Faraone,
2005), although serotonin’s role in ADHD has not yet been clarified.

2.2 Neurobiology of sleep

The neurobiology of sleep has also been a focus of study in recent years, and has become
much better understood. As reviewed below, sleep has two distinct stages, non-rapid eye
movement (non-REM) and rapid-eye movement (REM) that alternate in cycles through the
night. non-REM sleep is a period of relatively low brain activity, although the brain’s
regulatory capacity is still active, and body movements are preserved. non-REM sleep can
be further divided into stages 1-3 by the ‘deepness’ of the sleep, stage 3 being the deepest.
REM sleep is a period of desynchronized cortical activity, high metabolic rate, lack of
muscle tone and episodic bursts of rapid eye movements (Mindell, 2010). Arousal opposes
sleep in the sleep-wake cycle, and the daily shift between these states requires a fine-tuned
system of neural interactions (Dahl, 1996). Multiple, different neural systems have been
implicated in the control of the waking state (Lu, 2010; Espana, 2004).

A 2-process model has been proposed to explain the interactions of different biologic
mechanisms of sleep. The homeostatic process, which regulates length and depth of sleep,
interacts with the endogenous circadian rhythm system, which influences the internal sleep
organization and the timing and duration of daily sleep-wake cycles (Owens, 2005; Pace-
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Schott & Hobson, 2002). The homeostatic process or sleep drive is dependent upon the
quality and quantity of previous sleep, as well as the period of time spent awake; the sleep
drive increases with longer waking periods, and poorer sleep quality or duration (Owens,
2005). The circadian rhythm is synchronized with a 24 hour day, with predictable periods of
increasing arousal and sleepiness, which are linked to ambient light exposure (Owens,
2005). The light-dark cycle is a powerful zeitgeber or cue that entrains the circadian clock to
the 24-hour day. The suprachiasmatic nucleus of the hypothalamus responds to these cues
by influencing the production of melatonin. Under typical circumstances, as one nears the
usual dark period, melatonin production increases and facilitates sleep onset. In addition to
environmental cues which help to keep the circadian clock on track, genetics is also thought
to play a role. Individuals appear to have a genetic propensity to be a “lark” (sleep-wake
cycle set earlier) or a “night owl” (sleep-wake cycle set later).

The ascending arousal system consists of multiple neurotransmitters and produces cortical
arousal through two pathways. The dorsal route ascends through the thalamus, and the
ventral route through the hypothalamus and basal forebrain (Fuller, et. al, 2006). The
arousal system is opposed by the ventrolateral preoptic nucleus (VLPO), which is active
during sleep (Fuller, et. al, 2006). The VLPO initiates sleep after input from the circadian
rhythm, and homeostatic process (sleep drive) (Pace-Schott & Hobson 2002).

Many neurotransmitters have been implicated in the regulation of behavioral state in the
sleep-wake cycle. During wakefulness and rapid eye movement (REM) sleep, cholinergic
neurons in thalamus, hypothalamus & dorsal midbrain activate the thalamocortical
signaling to produce fast cortical rhythms (Espana, 2004; Lu, 2010). In non-REM sleep,
however, these neurons are relatively inactive (Espana, 2004; Lu,, 2010). Neurons in the
locus ceruleus (mainly producing norepinephrine) are active during waking, less active
during non-REM sleep and demonstrate almost no activity during REM sleep (Espana,
2004). Norepinephrine induces cortical activation & wakefulness, especially in the setting of
stress (Espana, 2004; Lu, 2010). Similarly, neuronal histamine is found in the
tuberomammillary nucleus, which is active during wakefulness, with less activity during
non-REM sleep and even less during REM sleep (Espana, 2004). Histamine promotes
wakefulness, especially at the time of waking and during conditions that require high
behavioral arousal (Espana, 2004). Serotonin has also been connected to the regulation of
behavioral state. The dorsal raphe nucleus is an important source of serotonin, and has
(similarly to other aminergic neurons) been found to be most active during wakefulness, less
so during non-REM sleep and virtually inactive during REM sleep (Espana, 2004).
Orexin/hypocretin neurons are most active during wakefulness, particularly during periods
of increased arousal or locomotor activity (Espana, 2004; Lu, 2010). Orexin/hypocretin
neurons appear to be inhibited by the amines, and are at their highest level at the end of the
day, possibly working to oppose the increasing sleep drive (Espana, 2004).

Dopamine is thought to have wake-promoting properties, but its” role in the sleep-wake
cycle has been difficult to understand due to the lack of obvious change in dopaminergic
firing rate throughout the sleep-wake cycle (Espana, 2004; Lu, 2010). Yet, extracellular levels
of dopamine are elevated during wakefulness and dopamine receptor agonists increase
waking while reducing non-REM and REM sleep (Espana, 2004). It has also been noted that
patients using dopamine antagonists, such as antipsychotics, and patients with Parkinson’s
Disease (deficient in dopamine) are often sleepy (Espana, 2004; Lu, 2010). This supports
likely wake-promoting properties of dopamine.
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Recently, there has been increasing evidence regarding the neurobiological overlap of sleep
and ADHD (Owens, 2005). A proposed relationship for sleep disruption and ADHD is an
altered pattern of melatonin secretion or responses to environmental cues such as light.
Alternatively, common anatomical pathways may provide the link between sleep and
ADHD. The reticular activating system and prefrontal cortex have been implicated in the
regulation of both attention/arousal and sleep (Owens, 2005). The thalamus is thought to
play a role in working memory and behavioral inhibition abnormalities in ADHD, and in
the regulation of non-REM sleep (Owens, 2005). Additionally, aberrations in dopamine and
norepinephrine signaling have been identified in both sleep disturbances and ADHD
(Owens, 2005; Espana, 2004). The role of other neurotransmitters important in sleep such as
histamine and acetylcholine in ADHD, if any, have not yet been identified. Although we do
not fully understand the relationship between sleep and ADHD, there appears to be
substantial overlap. We will further explore this relationship throughout this chapter.

3. Typical sleep in children and adolescents

As noted above, sleep is a complex process described as a rapidly reversible state of reduced
responsiveness to the environment. Through basic processes inherent in sleep, our
memories are consolidated, growth is optimized, and the next day we hopefully feel less
sleepy, have restored energy and attention and the prospect of better learning and mood.
During childhood and adolescence, sleep durations and patterns and other aspects such as
associated behaviors change with normal development. Here we briefly review the
architecture of sleep and how the patterns of sleep-wake cycles change with age (Owens,
2005; Mindell, 2010).

The architecture of sleep involves ultradian rhythms or cycles that consist of two sleep
stages, non-REM and REM sleep. The duration of these ultradian cycles changes with
development, being about 50 minutes in infancy and lengthening to adult levels (90-120
minutes) by school-age. It is typical for individuals to have a brief arousal at the end of these
cycles, about 4 to 6 times during the sleep period. Non-REM sleep includes stage 1 or
transitional sleep from which a person can be readily aroused, stage 2 which accounts for
the majority of non-REM sleep and stage 3 or slow wave sleep (SWS), from which it is more
difficult to arouse. REM sleep is characterized by an active EEG pattern and bursts of eye
movements are a hallmark of this stage that includes dreaming. Non-REM sleep is more
predominant early in the sleep period, about the first third, and REM sleep accounts for a
greater percentage of sleep in the last third. Important biological functions are attributed to
each sleep stage, for instance growth and neuroendocrine function for non-REM sleep and
memory consolidation and learning for REM sleep. The stages of non-REM sleep develop in
infancy and the relative percentage of SWS peaks during early childhood and declines by
adolescence. In infancy, REM sleep accounts for about 50% of sleep. This declines during
childhood and reaches adult levels (about 25-30% of sleep) by adolescence (Mindell, 2010).

The overall duration and pattern of sleep changes with age and development (Iglowstein et
al., 2003). Other factors also influence sleep patterns including (among others) child health
and temperament, activities and regularity of family routines and cultural expectations.
Typically, infants and toddlers sleep 11-13 hours across day and nighttime sleep and this
declines to 9-10 hours by school age. While adolescents might self-describe needing less
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sleep, typical adolescents do best with about 9 to 9.25 hours. Naps account for 3-4 hours of
total sleep for infants, distributed as 2-4 a day and decline to 1 nap by about 18 months of
age. Napping continues into toddler to preschool years; about 50% of children at age 3 years
continue to nap, 25% at 4 years and 15% at 5 years. At school age, children are typically
quite alert during the day and have little daytime sleepiness or napping unless driven by
cultural preferences. At this age, daytime sleepiness would be a symptom deserving of
further investigation, particularly in the context of learning, attention and behavioral
problems. However, recent studies in this age group suggest that even in the absence of
overt sleepiness, daytime behavioral concerns may indicate insufficient sleep duration or
quality. By adolescence, the normal physiological phenomena of later sleep-wake cycles,
called delayed sleep phase, typically predominates such that bedtimes and sleep onset times
drift later, often by several hours. Concurrent early school start times set the stage for
insufficient duration of night time sleep, typically 7 to 7.5 hours for many adolescents. In
addition, teenagers have more variability in their sleep-wake patterns as they try to pay
back their sleep debt on the weekend. Such irregular schedules add to the risk of sleep
problems and chronic sleep deprivation affects several aspects of daytime functioning
including attention, learning, and mood. Over half of adolescents report that they feel tired
and sleepy during the day and about 25% reported falling asleep in school at least once a
week (SAP, 2006). Sometimes caffeine will be used in the attempt to stay alert and result in
further delay of sleep onset when consumed too close to bedtime.

It is also important to recognize that the ability of parents to report a sleep problem for their
child also appears to be age-related. According to a recent national poll, about 16% of
adolescents report having sleep problems; however, only about 7% of parents report
problems with sleep for their teenagers (SAP, 2006). Parents of younger children may be
more likely to be aware of the characteristics of their children’s sleep and bring it up as a
concern but not uniformly. Thus, it is important to inquire with children and adolescents
directly as well as the parent when evaluating for sleep problems (Owens, 2000).

4. Sleep disorders

In the following section, we describe the medical and behavioral characteristics of several
sleep disorders and review associated studies that examine daytime functioning,
particularly related to attention, learning and behavior. The majority of pediatric research
thus far has centered on the first two conditions described, sleep disordered breathing and
restless legs or periodic limb movement disorder.

4.1 Sleep Disordered Breathing

The term sleep disordered breathing (SDB) represents a spectrum of disorders which
includes at the severe end, obstructive sleep apnea (OSA). The SDB spectrum also includes
other conditions such as, primary snoring (airflow causes airway vibration but no other
observable abnormality), upper airway resistance syndrome (hypoventilation and increased
intrathoracic pressure resulting in fragmented sleep but without frank apneas, or the
cessation of breathing), and apnea due to central nervous system processes. OSA is marked
by snoring and apnea, and accompanied by hypoxemia or oxygen desaturation. To
determine whether the symptom of snoring is associated with periods of apnea or hypopnea
(low airflow and associated oxygen desaturation) a polysomnogram or sleep study is
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needed. OSA is typically marked by repeated and sometimes prolonged periods of reduced
or no airflow resulting in low oxygen delivery (hypoxia) to the brain and disrupted sleep
(Mindell, 2010).

About 30% of children snore and about 3-4% have OSA. The parents of children with OSA
might report hearing loud or heroic snoring and pauses in breathing, snorts or gasps.
However, the symptoms of OSA may be less pronounced. Children with OSA may present
with restless sleep, nocturnal sweating, unusual positions while sleeping (e.g., neck
extended), morning headache and dry mouth. One risk for OSA emerges from processes of
normal development. During preschool to early school age, children experience a relative
increase of lymphoid tissue including tonsils and adenoids. When this increase outpaces the
growth of the normal airway, a risk of airway obstruction occurs especially during periods
of lower muscle tone, e.g., during sleep. Other factors also increase the risk of obstruction
during breathing and include (among others), chronic nasal congestion, lower muscle tone
due to medical conditions, oropharyngeal features, and obesity (Mindell, 2010; Hodges,
2011).

Growing concerns about SDB and the effect on day daytime functioning have fueled
investigations about the relationship between ADHD and SDB in children presenting with
one or the other condition or both. A number of methods have been used. Surveys have
been conducted in general populations of children or in individuals suspected to have these
specific disorders. Studies have also assessed for relationships between ADHD and SDB
concurrently and prospectively as well as, before and after surgical intervention to remove
tonsils and adenoids. Parents of children with an ADHD diagnosis were more likely to
endorse symptoms of habitual snoring for their children than parents of non-snorers; 22%
versus 12%, respectively (Chervin, 2002). In addition, those children who were rated as
having high SDB scores were more likely to describe ADHD symptoms of inattention and
hyperactivity (Chervin, 1997). In a study of children ages two to thirteen years (at
enrollment), those endorsed as habitual snorers at baseline were more likely to have
hyperactive behavior four years later (Chervin, 2005). Early case studies reported ADHD
symptoms in children referred for evaluation of SDB symptoms (Guilleminault C., 1981). In
a study by Dillon et al, of children five to twelve years of age scheduled for
adenotonsillectomy, nearly 37% had evidence of ADHD and disruptive behavior disorder
(including oppositional and conduct disorder) and about 28% had ADHD (Dillon, 2007).
This study also assessed behavioral outcomes after adenotonsillectomy. Fifty percent of the
children who met criteria for ADHD at baseline before adenotonsillectomy no longer did so
after surgery (Dillon, 2007). In a review of sixteen studies, parents who reported higher SDB
symptoms for their children also reported they had higher inattention and hyperactivity
symptoms (Hodges, 2008; Cortese, 2009). Thus, there is substantial evidence supporting a
relationship between ADHD and SDB.

In children with SDB, excessive daytime sleepiness is a common symptom that affects
functioning related to attention and activity. Whereas tired or sleepy adolescents may report
more problems staying awake, younger sleepy children may present with hyperactive and
agitated behaviors (Hodges, 2011). In school-age children with SDB, time to fall asleep on
structured nap tests (mean sleep latency test) was associated with the severity of SDB before
adenotonsillectomy. One year after surgery; however, when SDB symptoms had improved,
this association was no longer observed (Chervin, 2006; Gozal, 2001). In a meta-analysis
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review of 16 studies, daytime sleepiness was among the variables associated with ADHD. A
recent study also found a significant relationship between daytime sleepiness and
inattentive type ADHD (Cortese, 2009; Mayes, 2009). Other studies have demonstrated
similar neurobehavioral outcomes related to SDB and/or excessive daytime sleepiness
including impaired attention, tests of executive functioning, behavioral regulation and
scores of intellectual functioning in some studies (Beebe, 2005, Owens, 2005; Beebe, 2004;
Gottlieb, 2004). In many children with SDB, adenotonsillectomy results in improvements in
neurobehavioral outcomes, and improvement in sleepiness is felt to play a role.

There does not appear to be a clear “dose-response” relationship between SDB and ADHD.
In a community-based study, parents rated their 5-7 year old children for ADHD symptoms
and a subset of the children underwent polysomnogram. OSA was observed for 26% of the
children with mild ADHD symptoms versus 5% for those with severe ADHD or no ADHD
concerns. This study suggested that SDB might lead to mild ADHD symptoms but not
explain more severe ADHD symptoms (O'Brien, 2003). Chervin suggests that the
relationship between ADHD and SDB in at-risk children may be due to more subtle aspects
of disordered breathing (Chervin, 2005). The mechanisms by which SDB and OSA in
particular may relate to neurobehavioral sequelae have been proposed and involve the
effect of sleep disturbance on the prefrontal cortex, sleep fragmentation, hypoxia, and
hypercarbia (Beebe, 2005; Hodges, 2011) . The relationship of such core factors with
individual variables of risk are under investigation. Important individual variables include
resilience, environmental context and demands, and the progression of these over time with
development.

As noted above, there is substantial overlap between brain areas that regulate sleep, arousal
and attention raising the possibility that sleep disruption may have direct effects on central
nervous system functioning. In addition, sleep disruption during development suggests the
possibility that structures such as the prefrontal cortex may sustain longer term
neuroanatomic or functional alterations as a result of early sleep problems. Prospective
studies will provide important contributions regarding the relationship between ADHD
symptoms and SDB and these are ongoing currently.

4.2 Restless leg syndrome and periodic limb movement disorder

Restless legs syndrome (RLS), periodic limb movements of sleep (PLMS) and periodic limb
movement disorder (PLMD) are overlapping conditions that may occur separately or
together and affect sleep quality. There is evidence of a genetic basis for RLS with PLMS
involving chromosome 6p.(Picchietti, 2008) Restless legs syndrome is a diagnosis made
based on presenting clinical symptoms such as uncomfortable sensations (e.g,. feeling things
crawling or tingling) and the urge to move, both typically involving the lower limbs. RLS
symptoms usually occur while sitting or lying down, toward evening hours, and the
symptoms are typically relieved by movement. In children, the presentation of symptoms
may be more variable and described differently, such as “shark bites” or “growing pains”
for some children (Rajaram, 2004). Specific criteria for RLS were published in 2003 by NIH
(Allen, 2003). While first observed in adults, RLS has been recognized in children for over
fifteen years and is estimated to occur in about 2% of children (Walters, 1994; Picchietti,
1998; Pichietti, 2007; Garcia-Borreguero, 2006; Picchietti, 2008).
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PLMS are brief, repetitive and regular stereotyped jerks during sleep, typically occurring at
the lower extremities and lasting up to 5 seconds. PLMD requires a polysomnogram to
make a diagnosis which requires five or more characteristic movements per hour (criteria
for children and adolescents), associated with sleep disturbance (e.g., arousal) or effects on
daytime functioning (e.g., fatigue), and no other primary sleep disorder reason for the
PLMD. The prevalence of PLMD in the general population is not known. However, based
on survey information, PLM symptoms are thought to affect about 8-12% of children
(Picchietti, 2008). There is evidence that altered dopaminergic central nervous system
functioning underlies RLS and PLMD for many individuals. In addition, MRI and autopsy
studies have identified lower iron stores in the striatum and other central nervous system
areas for adults affected with RLS or PLMD. Further, serum ferritin <50 ng/ml has been
associated with RLS symptoms or findings of PLMD and iron supplementation has been
demonstrated to improve symptoms. Therefore, iron deficiency may be a treatable medical
risk factor for RLS, PLMS and PLMD particularly associated with growing children, women
during pregnancy and for individuals with chronic medical conditions (renal disease and
leukemia) (Konofal, 2007; Mindell, 2010).

RLS and PLMD have been associated with daytime symptoms of ADHD. In a study of 143,
two to eighteen year-old children attending child psychiatry or general pediatric clinics,
parents indicated PLMS might be related to ADHD symptoms (Chervin, 1997). In a
questionnaire study of 830 children two to thirteen years of age, about 4% of parents
endorsed PLM symptoms for their children (Chervin, 2001). Picchietti and others looked at
the occurrence of PLMD for children with or without ADHD symptoms. In their study, 26%
of children with ADHD symptoms had PLMD, compared to 5% of children who did not
have ADHD symptoms (Picchietti, 1998). In a study comparing children referred for
clinically defined ADHD versus two other groups, those identified as at risk for ADHD
from a community survey and children without ADHD, those with clinically determined
ADHD had higher PLMs than the other groups suggesting a greater risk for more active and
disrupted sleep (O’Brien, 2003). In addition, in children with ADHD, serum ferritin less than
12 ng/ml was more prevalent in children with RLS symptoms (Oner, 2007). Thus, RLS,
PLMS and PLMD appear to be related to daytime ADHD symptoms; however, but further
work is needed to clarify the relationship and the role of iron specifically in the etiology and
management.

4.3 Other sleep disorders

In the following section, other sleep disorders are described that affect sleep quality and/or
duration but have fewer studies related to daytime behavioral consequences in children and
adolescents. This is followed by a section describing the consequences of insufficient sleep in
general.

4.3.1 Behavioral insomnia of childhood

Behavioral insomnia of childhood, the difficulty initiating and/or maintaining sleep due to
a behavioral etiology, is very common, with a prevalence of 10-30%. It is more often
encountered in young children (Moore & Meltzer, 2008). There are 2 types of Behavioral
Insomnia of Childhood: Sleep Onset Association; and Limit Setting. Sleep Onset Association
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type of behavioral insomnia occurs when the onset of sleep is delayed in the absence of a
certain item or circumstance. The child becomes dependent upon certain conditions being
present during sleep onset, such as sucking on a pacifier or having another person close by.
When the specific sleep onset conditions are met, sleep onset is quickly achieved. However,
should the conditions not be met (i.e. the pacifier is on the floor, or mother is away) at sleep
onset, then a struggle around getting to sleep may occur. In addition, when the child
experiences a normal partial arousal during the night (commonly every 1-3 hours), the child
who is used to certain conditions at bedtime will have difficulty returning to sleep if the
conditions are no longer available. This circumstance of Behavioral Insomnia of Childhood,
Sleep Onset Association type typically results in a night wakening and parent involvement
to ‘correct’” or return the conditions for getting to sleep. Behavioral Insomnia of Childhood,
Limit Setting type occurs when there are bedtime struggles. The child typically stalls or
refuses to go to bed by requesting things such as a glass of water, or to go to the bathroom.
When the caregiver has trouble setting and maintaining limits, the child’s sleep onset is
delayed as a consequence. However, when such limits are set consistently, the child is able
to sleep quickly. Many children have a mixture of Sleep Onset Association and Limit Setting
types. As children get older, they typically have less difficulty with Sleep Onset Association
Insomnia as they are better able to get to sleep on their own and re-create their sleep onset
conditions and return to sleep during the night. During those same developmental stages;
however, children are working to become more independent and are testing limits set by
their caregivers. Often this can result in greater difficulties with Limit Setting Insomnia with
age (Moore & Meltzer, 2008). Either type of behavioral insomnia can affect time to sleep
onset, the continuity of nighttime sleep and the overall total amount of sleep achieved and
therefore, the risk for daytime tiredness and associated sequelae for attention, learning and
behavior.

4.3.2 Delayed Sleep Onset in older children and adolescents

4.3.2.1 Delayed Sleep Phase Syndrome

As children move toward adolescence, they typically begin to demonstrate a circadian
preference for a later (delayed) sleep phase. If the preference for late sleep phase becomes
problematic and interferes with the daytime functioning of the child or adolescent, it is
referred to as having delayed sleep phase syndrome (DSPS). DSPS is common in
adolescence with an estimated prevalence of 10% (Moore & Meltzer, 2008). In DSPS, sleep
onset and wake times are intractably later than socially acceptable (i.e., an adolescent who
falls asleep at lam, and wakes at 10am although school starts at 8am), occur at
approximately the same time daily, and there is little or no difficulty maintaining sleep after
sleep onset has occurred. In DSPS, the timing of the sleep-wake cycle is the problem rather
than the quality of sleep. There are often complaints of ‘insomnia” when the child or
adolescent attempts to go to sleep at an early time; however not when attempting to sleep at
a later, desired time. Typically the child or adolescent has a very difficult time waking up at
a required time, such as for school, and has decreased alertness in the morning. This can
lead to frequent tardiness and/or absence from school. The child or adolescent frequently
attempts to ‘catch-up’ on lost sleep by sleeping in to the late morning or afternoon on
weekends. DSPS can significantly shorten sleep duration, increasing the risk for daytime
tiredness and associated sequelae.



ADHD and Sleep Problems in Children 71

4.3.2.2 Psychophysiologic insomnia

Primary or psychophysiological insomnia can also be responsible for sleep problems in
children and adolescents. Insomnia is broadly defined as difficulty with onset, maintenance
or non-restorative sleep. The following consensus statement has been developed to more
specifically define pediatric insomnia: ‘repeated difficulty with sleep initiation, duration,
consolidation or quality that occurs despite age-appropriate time and opportunity for sleep
and results in daytime functional impairment for the child and/or family” (Mindell, 2010).
Primary insomnia is characterized by tension and learned sleep-preventing associations.
Children and adolescents with primary or psychophysiological insomnia tend to respond to
stress with somatic symptoms, and while trying to downplay the stress, end up increasing
the stressfulness of their insomnia. Primary insomnia is rare in pre-pubertal children, but
has a prevalence of 9 to 13% in adolescents (Mindell, 2010).

4.3.3 Partial arousal parasomnias

Partial arousal parasomnias are behaviors during sleep that occur primarily related to non-
REM or slow wave sleep. These include confusional arousals, sleep walking, and sleep
terrors. These partial arousals typically occur within a few hours of sleep onset and are
fairly common in childhood, when the percent of non-REM sleep is greater compared to
adulthood. Individuals with such partial arousal parasomnias do not recall the events that
occur during sleep. Family history appears to increase the likelihood for both sleep walking
and sleep terrors if other family members also experienced it. Confusional arousals are
episodes where individuals are aroused but disoriented and may not fully awaken for up to
30 minutes. These occur in at least 17% of children. Sleep walking on a regular basis is also
common in childhood, observed in about 15 to 20%. Both confusional arousals and sleep
walking typically begin in the preschool years. Confusional arousals tend to dissipate by
early adolescence, whereas, for about 20% of affected individuals, sleep walking persists
into adulthood. Sleep terrors are often more significant and distressing but primarily to the
observer because the affected child can appear frightened and agitated. Sleep terrors occur
in about 1 to 6% of children, with onset between preschool and preteen years and they
typically subside by adolescence. These parasomnias can be triggered by inadequate or
irregular sleep, illness, stress and other sleep problems such as SDB or PLMD. Parent and
child education about the disorders, what they can do to lessen the risks for occurrence and
assuring safety during episodes are the most important interventions. These behaviors do
not disrupt sleep continuity on their own and therefore, uncomplicated partial arousal
parasomnias are not typically associated with daytime behavioral sequelae like ADHD.
However, a 2006 study from Taiwan suggested an association based on parental ratings
(Shur-Fen Gau, 2006). In general, the presence of these parasomnias might indicate another
sleep disorder that has been related to ADHD symptoms and might be the clue to look
further for problems such as SDB, PLMD, or inadequate sleep.

4.3.4 Sleep-related Rhythmic Movement Disorder

Rhythmic movement disorder (RMD) is common in childhood, usually having onset in the
first year of life and waning by early school age. This disorder includes various
combinations of movements of the head, limbs, and trunk resulting in head rocking, head or
body rolling, and head banging, among others and typically occur on transition to or from
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sleep or during sleep. It is typical for the movements to have a regular, rhythmic pattern. To
meet criteria for RMD, the behavior must interfere with normal sleep, impair daytime
functioning or cause bodily injury, and not be due to another disorder or use of medication.
Most individuals do not require treatment for RMD as the risk of injury is low and it
dissipates with age; however, protective surfaces might be needed for more significant cases
(Hoban, 2003). Case studies have suggested RMD in children with ADHD and ADHD in
children with RMD but studies to date are small (Walters, 2008).

4.3.5 Night-time fears and nightmares

As children get older, nighttime fears and nightmares become more frequent sleeping
problems. Most children have nighttime fears, with peak ages from 3-6 years for both sexes,
and in girls at school-age (Moore & Meltzer, 2008). Nighttime fears are usually short-lived
developmental phenomena and quite benign. At the peak age of nighttime fears at
preschool-age, children are becoming more aware of the consequences of their actions and
that they can really be hurt or affected by occurrences around them (Mindell, 2010). Typical
nighttime fears change with developmental level, with younger children being more afraid
of imaginary creatures such as monsters and older children being afraid of more realistic
dangers such as a natural disaster or a burglar. Nightmares are also common in childhood,
with approximately 75% of children experiencing at least one nightmare (Moore & Meltzer,
2008; Mindell, 2010). Similar to nighttime fears, nightmares are a normal part of a child’s
development, and the content tends to vary by age. Young toddlers worry about being
separated from their parents, and as children get older they incorporate imaginary and then
realistic fears into their nightmares. Different from nighttime fears, nightmares typically
occur during REM sleep (usually in the last third of the sleep period when there is a greater
percentage of REM sleep), and can be triggered by sleep deprivation. Both nighttime fears
and nightmares can be triggered or exacerbated by stress and anxiety. Consequences of
nighttime fears or nightmares include delayed sleep onset and prolonged night awakenings,
respectively and either affect the degree to which sleep is restorative for the affected
individual.

4.3.6 Enuresis

Sleep enuresis is another possible cause of sleep disturbance in children. Uncomplicated or
monosymptomatic sleep enuresis is characterized by recurrent, involuntary voiding
occurring during sleep. Enuresis can occur in any stage of sleep, although most occur in the
first half of the night (Mindell, 2010). It, too, follows the developmental trajectory of the
child, with a greater proportion of younger children experiencing sleep enuresis. The
majority of sleep enuresis episodes are primary sleep enuresis, in which the child has not yet
developed control over voiding at night, and has not had a succession of dry nights. These
children typically fail to respond to the sensation of bladder fullness or inhibit bladder
contractions during the night. Spontaneous remission of sleep enuresis is common as
children age; the approximate remission rate is 15% of affected individuals per year. The
current prevalence estimates are 30% in 4-year-olds, 10% of 6-year-olds, 5% of 10-year-olds
and 3% of 12-year-olds. Sleep enuresis is typically not diagnosed until age 5, and not treated
until age 7 or 8 years. Primary enuresis is more prevalent in children with a family history of
sleep enuresis, and also, those with ADHD. Secondary enuresis, in which the child
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previously has had control over their bladder at night (and has had a previous dry period of
at least 6 months) and then develops sleep enuresis, does not occur as a part of typical
development, and usually requires further diagnostic evaluation. It can be triggered by
psychosocial stressors, medical problems such as wurinary tract infections, chronic
constipation, diabetes mellitus, a neurologic disorder, or other sleep disorders, such as
obstructive sleep apnea or PLMD. Children with complicated or non-monosymptomatic
sleep enuresis have day- and nighttime symptoms.

5. Consequences of insufficient sleep

As noted above for SDB and RLS/PLMD, poor sleep can have a great impact on daytime
function of the child and other family members. Adults with poor sleep tend to appear tired
during the day, yawning and falling asleep easily in inappropriate settings. However, the
symptoms of sleepiness in children are often “paradoxical” behavioral manifestations such as
emotional lability, irritability, neurocognitive deficits and behavioral inhibition. These
difficulties can cause problems at home, in school and in other community settings. Multiple
parental reports (and some teacher reports) show increased incidence and severity of
behavioral difficulties in children with sleep problems than those without (Fallone, 2002;
Sadeh, 2002). More severe behavioral problems have been shown in children with shorter
sleep duration (Fallone, 2002). Increased sleepiness or decreased sleep duration within the
previous day have been associated with increased risk of accidental injury in children from
preschool-aged through adolescence (Fallone, 2002). Insufficient sleep and/or sleepiness in
adolescents have been associated with increased risk-taking behaviors (Moore & Meltzer,
2008). Children with behavior problems are also more likely to have sleep problems by
parental report (Fallone, 2002). Studies have shown improvement in these behavioral
problems with improved sleep; however, not across all settings (Fallone, 2002). Lower
academic achievement has also been associated with poor sleep in children, when compared
to children with unimpaired sleep (Fallone, 2002). Additionally, adolescents who reported
poor sleep were more likely to report social problems as well (Owens, 2008). An association
between acute sleep restriction and poorer memory or lower IQ has not been found (Fallone,
2002; O’Brien, 2004). However, longer-term sleep disturbance has been linked to impaired
memory and intelligence (O’Brien, 2004).

Children’s sleep problems can also cause a significant amount of distress in the family. The
impact of childhood sleep problems is related to the parents’ sleep, especially if the parents’
poor sleep leads to daytime fatigue or mood problems (O'Brien, 2004). Alternatively,
improving the child’s sleep, and by extension that of the rest of the family, can improve the
functioning of all family members involved.

6. Sleep in children with ADHD

As noted previously in this chapter, sleep difficulties were part of the diagnostic criteria for
ADHD in previous versions of the Diagnostic Statistical Manual, indicating a long-standing
belief that sleep is problematic in children with ADHD. However, although the relationship
between sleep and ADHD has been studied extensively over the past few decades very few
objective differences have been found between the sleep of children with ADHD and
children without ADHD. Yet, many subjective differences have been uncovered.



74 Current Directions in ADHD and Its Treatment

6.1 Sleep and ADHD: subjective differences

There is little disagreement in the literature that parents of children with ADHD report
poorer sleep for their children than parents of children without ADHD. O'Brien et. al found
that 77% of children with significant symptoms of ADHD, and 70% of children with mild
symptoms of ADHD were reported to have sleep disturbances while only 43% of children
without ADHD symptoms were reported to have sleep problems (O’'Brien, 2003). Parents of
children with ADHD report more of the following than parents of children without ADHD:
bedtime resistance; sleep-onset delay; anxiety; parasomnias; night wakings; daytime
sleepiness; and shorter duration of sleep (Owens, 2000; Corkum, 2001; O’Brien, 2003;
Silvestri et al., 2009; Gruber, 2009). Parents also report more snoring in children with ADHD
compared with controls (Cortese, 2009). Children with and without ADHD tend to have
morning arousal at the same time, but children with ADHD have a shorter reported sleep
duration thought to be due to delayed sleep onset (Owens, 2005).

There are several possible explanations for these increased subjective complaints in children
with ADHD. One hypothesis suggests that some of these are not sleeping problems per se,
rather, behavioral problems in the context of a difficult parent-child relationship (Cortese,
2009; Corkum, 2001). Another hypothesis is that families of children with ADHD are more
likely to have poor sleep hygiene (i.e., bedtime routines, sleeping environment), leading to
more difficulties at bedtime (Cortese, 2009). Alternatively, children with ADHD may have
symptoms throughout the day and evening, which creates bedtime difficulties even in the
appropriate environment (Cortese, 2009; Gruber, 2009). Some children with ADHD may
have a disorder of their sleep-wake schedule (i.e., delayed sleep phase syndrome or other
disorder of circadian rhythm), and aren’t able to fall asleep when they are expected to,
which can lead to bedtime resistance (Gruber, 2009). Children with ADHD may also have
co-morbid psychiatric disorders which contribute to bedtime difficulties (see below). Owens
et. al found that parents of children with ADHD recognize sleep-onset difficulties as
different from bedtime refusal. Other studies have drawn similar conclusions; parents are
able to recognize the difference between unwillingness and inability to sleep (Blader et al.,
1997). Stimulant medication is frequently used to treat ADHD in children and may have
effects on their sleep. This will be addressed in a later section of this chapter.

6.2 Sleep and ADHD: objective differences

There is little agreement in the literature regarding objective differences in sleep in children
with ADHD. Sleep in children with ADHD has been frequently studied but with small
populations, and with conflicting results. Higher rates of obstructive sleep apnea (higher
apnea-hypopnea index) have been found in children with ADHD (O’Brien, 2003; Cortese,
2009; Golan, 2004). Children with mild symptoms of ADHD are more likely to have
obstructive sleep apnea than those with significant or no symptoms (O'Brien, 2003).
Children with ADHD have also been found to have an increased REM latency and smaller
percentage of sleep spent in REM (O’Brien, 2003, 2003; Silvestri et al., 2009; Busby, 1981).
O’Brien et al found a positive correlation between length of REM latency and impulsivity,
inattention, cognition and hyperactive behaviors, and a negative correlation between REM
latency and attention and executive functioning (O’Brien, 2003). Yet, other studies have
shown an increase in percentage of REM sleep in children with ADHD (Golan, 2004) or
decreased REM latency (Khan, 1982; Kirov et al., 2004), and still others have shown no
differences in REM latency or percentage (Golan, 2004; Cortese, 2009). Increased periodic
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limb movements have been discovered in children with ADHD (Busby, 1981; O’Brien, 2003;
Silvestri et al., 2009). Others have found decreased sleep efficiency, increased arousal index
and increased daytime sleepiness in children with ADHD (Goraya et al., 2009; Cortese, 2009;
O’Brien, 2003; Silvestri et al., 2009; Gruber, 2009; Golan, 2004). The hyperactivity in children
with ADHD has been hypothesized as a compensatory mechanism for the increased
daytime sleepiness related to poor duration and/or quality sleep. Despite these many
studies, there is much more to be discovered concerning the sleep of children with ADHD.

One theory which addresses these conflicting differences in the sleep of children with
ADHD is that there are different subsets of ADHD, some of which are associated with more
sleeping problems. O'Brien et. al compared the sleep of children with ADHD referred to
their sleep clinic, children with ADHD symptoms from the community and children
without ADHD, and found that while all children with ADHD had some differences
compared to the controls, the children who were referred also had greater nightmares,
enuresis and witnessed apneas compared to the children with ADHD symptoms from the
community group (O’'Brien, 2003). They proposed that the children who were referred
represent a different subset of children with ADHD. Additionally, differences have been
found, in some cases, between the sleep of children with ADHD inattentive subtype and
combined subtype, with more differences in sleeping patterns found between children with
combined subtype ADHD and typically developing children (Gruber, 2009; Mayes, 2009).

Co-morbid psychiatric disorders are common in children with ADHD, and are thought to
contribute to problems with sleep. Children with ADHD and anxiety or depression were
found to have more sleeping problems than those without, although children with co-
morbid oppositional defiant disorder (ODD) were not found to have increased sleeping
problems (Mayes, 2009). Sleep problems have been shown to have a weaker relationship
with ADHD after controlling for co-morbid anxiety, depression or disruptive behavior
disorders (Mick, 2000). However, some of the studies previously discussed in this section
found differences in sleep in children with ADHD without co-morbid psychiatric disorders
compared to typically developing children.

7. Medical treatment for ADHD and sleep problems
7.1 Psychostimulant medications for ADHD and effects on sleep

Psychostimulant medication, the first-line treatment for ADHD, has often been cited as
causing sleeping disturbances in this population. However, as discussed in previous
sections, there is a complicated relationship between ADHD and sleep. Some have
suggested that stimulant medication causes sleep disturbances in children and adolescents
with ADHD. Some studies of stimulant medication have supported this, but others have
shown no change or improvements in sleep in children and adolescents treated with
psychostimulant medication, (Galland et al., 2010; Mick, 2000; Barkley et al., 1990; Giordani,
2008; O’'Brien, 2003; Kim, 2010; Giblin & Strobel, 2010).

Regarding studies where the use of psychostimulant medication has been associated with
poor sleep, in a study by Mick et. al, there was a trend towards children with ADHD having
more sleep disorders and when multiple confounding variables were accounted for, they
found a relationship between the use of stimulant medication and poor sleep (Mick, 2000).
Children with ADHD treated with psychostimulant medication were more likely than
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controls to be reported as a restless sleeper, waking during the night, talking in their sleep,
afraid of sleeping in the dark and going to the bathroom during the night (Mick, 2000).
Parents have also reported more difficulty with insomnia in children with ADHD treated
with psychostimulants (Barkley et al., 1990). Several objective studies have also shown
changes in sleep with psychostimulant medication. EEG studies have shown increased REM
onset latency and of stage 1 and 2 sleep with a resultant decrease in time spent in REM and
stage 3 sleep after nocturnal administration of a psychostimulant (Chatoor, 1983).
Polysomnography studies showed no significant difference in sleep timing, duration or
efficacy between children with ADHD off of medication for 48 hours and control children
(Galland et al., 2010). However, when the children with ADHD had taken their dose of
psychostimulant medication, they had a longer sleep latency and woke earlier in the
morning, resulting in a shorter sleep duration in comparison to control children (Galland et
al., 2010). Sleep architecture was not altered by the medication (Galland et al., 2010). Galland
et. al observed that their study, and others that had found increased sleep onset latency on
psychostimulant treatment, were designed such that the comparisons between
methylphenidate and placebo were within-subject. They postulate that this may indicate
that the individual differences of the effects of psychostimulant medication on sleep may be
more important than larger group differences (Galland et al., 2010).

Another hypothesized factor is that the increased reported difficulties with sleep in children
with ADHD treated with psychostimulant medication may be the result of the
psychostimulant medication wearing off and/or causing a ‘rebound” effect. This rebound
effect can lead to an apparent increased arousal and hyperactivity. This led to the idea that
some children may benefit from an additional late afternoon or early evening dose of
psychostimulant medication. An additional late afternoon (4pm) dose was shown to
improve behavior in 12 psychiatrically hospitalized children with ADHD (Kent et al., 1995).
Low-dose (10mg) and high-dose (15mg) methylphenidate and placebo were given at 4pm,
with little effect on the sleep onset in the children (Kent et al., 1995). When receiving the
high-dose methylphenidate, children did have an increased sleep onset latency (Kent et al.,
1995). Notably, the increased sleep onset latency in children on the higher dose of
methylphenidate was similar to that of children on the placebo (Kent et al., 1995). A similar
study tested the effect of twice-daily dosing to thrice-daily dosing of methylphenidate in
children with ADHD, and found that there were no differences in sleep duration between
the two dosing regimens (Stein, 2001). However, there was a trend toward decreased sleep
duration in the thrice-daily dosing compared to placebo on parental ratings and actigraphic
measurements (Stein, 2001). Sleep onset latency did not differ significantly across the dosing
protocols (including placebo) (Stein, 2001).

Other recent studies, have confirmed the relationship of ADHD with poor sleep, but
demonstrated little association psychostimulant medication to poorer sleep in children with
ADHD. Children with ADHD were found to have more sleep disturbances than those
without ADHD, irrespective of their medication status (O'Brien, 2003). The use of
psychostimulant medication was not found to have an association with poor sleep (O’Brien,
2003). Children with ADHD treated with psychostimulant medication tended to have longer
REM onset latency, however this did not reach statistical significance (O'Brien, 2003).

Increased sleep disturbances have not been found in children treated with sustained release
preparations of psychostimulants (Kim, 2010; Giblin & Strobel, 2010). Osmotic-controlled
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release oral delivery system (OROS) methylphenidate was found to decrease the number of
night arousals (parasomnias) in children with ADHD, but not alter sleep onset latency on
either subjective or objective measures (Kim, 2010) . However, children who reported
subjective sleep difficulties during treatment with OROS methylphenidate had increased
sleep onset latency, sleep onset delay and bedtime resistance when compared to those
without subjective sleep complaints. This again, may indicate that the individual’s response
to stimulant medication may be the most important factor (Kim, 2010). Lisdexamfetamine
was also shown to decrease nighttime arousals, and did not negatively impact sleep in
children with ADHD (Giblin & Strobel 2010). The decreased nighttime arousals may suggest
more consolidated sleep in children treated with psychostimulants.

Therefore, the use of psychostimulant medications has been associated with poor sleep in
children with ADHD in some studies; however the exact relationship remains unclear.
Individuals with sleep complaints while on psychostimulant medications have been noted
to have increased sleep disturbance. Perhaps it is best to consider each patient individually
when assessing for adverse effects of treatment. It may be that for the majority of patients,
treatment with psychostimulant medication does not interfere with sleep, but in those
reporting worse sleep, the medication does play a role in sleep disturbances.

7.2 Non-psychostimulant Medications for ADHD and effects on sleep

In 2002, the US Food & Drug Administration (FDA) approved the non-stimulant,
atomoxetine for use in children with ADHD. Greater clinical improvement is typically
attained with psychostimulant medication; however atomoxetine can be good alternative
medication to use when a psychostimulant medication is not tolerated or cannot be used
(Newcorn et al., 2008). When compared with thrice-daily dosing of methylphenidate, twice-
daily atomoxetine was found to have decreased sleep onset latency, and increased sleep
duration (Sangal, 2004). Treatment with twice-daily atomoxetine and thrice-daily
methylphenidate resulted in decreased interrupted sleep; however, treatment with
methylphenidate led to a larger decrease in interrupted sleep (Sangal, 2004). Children
reported an easier time awakening in the mornings and falling asleep at night while taking
atomoxetine (Sangal, 2004). The most common sleep-related adverse effect reported from
atomoxetine is somnolence (Kratochvil et al., 2011; Cheng et al., 2007; Newcorn et al., 2008).

Alpha-agonists such a clonidine and guanfacine have been used to treat both the behavioral
and sleep problems of ADHD. Clonidine has been helpful in treating sleeping problems in
children with ADHD (Plizka, 2007). Trials of long acting clonidine (with and without the use
of psychostimulants) have shown that somnolence and/or fatigue are the major sleep-
related adverse effect of treatment (Biederman et al., 2008; Kollins et al., 2011). However,
Biederman et. al showed that this is usually a transient effect (Biederman et al., 2008).

7.3 Medications for sleep problems in children with ADHD

As discussed extensively in this chapter, sleeping disturbances are frequently associated
with ADHD. Some of these sleep disturbances can be related to anatomic disorders, such as
sleep-disordered breathing or perhaps an adverse effect of psychostimulant medication.
However, in many cases, a modifiable cause is not identified that results in a medical
treatment for the sleep disturbance. In fact, a large Netherlands study of children with
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ADHD on stimulant medication found that over 10% of the children were taking melatonin,
presumably for sleep problems (Faber et al., 2006). Melatonin has been shown to decrease
sleep onset latency in children with ADHD (not on medication) with chronic sleep-onset
insomnia (Van der Heijden et al., 2006). Despite this improved sleep onset latency, there was
not significant effect (positive or negative) on the children’s behavior, cognition or quality of
life (Van der Heijden et al., 2006). In follow-up of this study, approximately 3 years later, the
majority of children remained on melatonin, and their parents thought it was an effective
treatment (Hoebert et al., 2009). Parents reported that the melatonin improved their
children’s daytime behavior (Hoebert et al., 2009). A literature review confirmed that
children with ADHD and insomnia showed improvement in regards to sleep onset latency
when taking melatonin (Bendz & Scates, 2010). However, these results are limited as there
are few studies, and most of them have small sample sizes. Zolpidem has also been
evaluated for treating sleep disturbances in children and adolescents with ADHD (Blumer et
al., 2009). Zolpidem did not decrease sleep onset latency, nor improve sleep efficiency or
nocturnal awakenings (Blumer et al., 2009). There was a trend toward improving behavioral
symptoms, particularly in the adolescents; however, this did not reach statistical significance
(Blumer et al., 2009).

8. Clinical application

In this section, we describe two clinical cases examples where ADHD evaluation might be
complicated by sleep concerns. The purpose is to highlight several concepts regarding
development and sleep.

8.1 Younger child

Alex, a 7-year-old boy, presented to his primary care physician’s office with his mother due
to problematic behavior at school. His mother notes that he’s always been a busy and active
child. Over the past few years, she’s had some difficulty with his behavior at home, noting
that he had frequent temper tantrums as a toddler and preschool-aged child, but the parents
thought his behavior was manageable. However, last year in kindergarten Alex’s teacher
also expressed concern about his behavior and this has increased with his first grade teacher
this year. He has been having difficulty staying seated with the rest of his class during story
time and with staying in line with his class when they leave the classroom. He has also
recently hit a classmate over a minor disagreement. He typically gets along with other
children, and mother notes that he has two best friends, with whom he likes to ride bikes.
There was no history of problems at birth or with development. He has no chronic medical
concerns, has not had hospitalization or surgery and has not had significant injuries. He is
involved in Boy Scouts and sports outside of school.

On review of systems, Alex’s mother notes that his sleep schedule is typically uniform
throughout the week. He goes to bed around 8 PM on weeknights, and wakes up at 7 AM
for school. On the weekends, he tends to go to bed around 8:30 PM, and wakes at 7 AM on
his own. He tends to fall asleep approximately 30-45 minutes after his bedtime. He does not
appear tired in the morning or throughout the day, and does not nap, nor fall asleep
unintentionally. His mother does struggle to put him to bed most nights, noting that he
seems “to do anything to avoid sleeping”. He frequently asks for another story, and glass of
water. Alex’s mother also notes that he snores quite loudly; she can hear him snoring from
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her bedroom when his door is closed. She hasn’t noted any pauses in breathing. He sweats
during sleep frequently, requiring his mother to change the sheets during the night
approximately once a week. He has been dry at night for the past three months, and prior to
that he had sleep enuresis approximately once every two weeks. Alex’s mother and older
brother have ADHD, and his maternal grandfather was recently diagnosed with obstructive
sleep apnea. He does not have any family history of learning disability or mood disorder.
His physical exam was notable for mouth breathing and 3+ tonsils.

Alex’s sleep concerns raise questions about multiple sleep problems. One such problem is
sleep disordered breathing, common in early school-age children. Alex is at a peak age for
increased lymphoid hypertrophy, which can cause a relative narrowing of the airway
during sleep. His bedtime resistance could suggest behavioral insomnia of childhood, limit
setting type, with inadequate limit-setting by his mother or his negative behavior may be
the result of tiredness made worse by the poor quality sleep due to sleep disordered
breathing. Alex’s duration of sleep is likely appropriate for his age; however the quality is
likely disturbed and affecting his daytime functioning.

To evaluate further, an overnight polysomnography was performed, which demonstrated
obstructive sleep apnea. Conners rating scales from both parents and his first grade teacher
endorsed problems with attention, hyperactivity and impulsivity for age and gender.

Alex was evaluated by a pediatric otolaryngologist who recommended an adenotonsillectomy,
which was subsequently performed. Three months after his surgery, Alex’s mother noted
significant improvements in his snoring, now only infrequently and that he no longer sweats
at night, and has remained dry overnight. However, he has remained very active and ‘on the
go’ and while his behavior problems at school had improved somewhat, he continued to have
difficulties. His primary physician initiated a trial of short-acting stimulant medication, to
which Alex responded quite well. Alex’s presenting concerns seemed to be related to both his
sleep problems and underlying ADHD.

8.2 Early adolescent

Susie, a 13-year-old female, presents to her primary doctor accompanied by her mother for
concerns regarding poor school performance. Mother states Susie has had longer term
concerns about being fidgety and distractible but had always been able to keep pace with
her peers until 7th grade. There were no academic concerns in elementary school and grades
continued to be adequate, although in retrospect, drifted downward in 6th grade. In 7th
grade she had more trouble; she forgot to turn in assignments, seemed disorganized and
didn’t follow through on directions at school, as well as, at home. In 8th grade this year, she
is close to failing. Teachers state her test performance has been good, but the frequently
missing assignments and little engagement in classroom discussions have pulled down her
grades. In addition, they report she has been prone to napping in the first-hour math class.
There is no history of problems at birth or with development. She has no chronic medical
concerns and has not had significant injuries. She started menses at about 10 years of age.
She is active with sports and music for school, participating in swimming and playing cello
throughout the year. Her group of friends has been stable. She describes a very busy school
schedule and that she is concerned about doing well.
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On review of systems, Susie states that on weekends, she typically goes to sleep about
midnight and will get up about 10 to 11 AM on her own. During the school week, she tries
to go to bed at 10 PM but “can’t get to sleep for hours”. She needs to be up by 6 AM for
school. She describes feeling uncomfortable at sleep onset due to her legs feeling restless and
thinking about the next school day. Mother has not had concerns about Susie snoring nor
mouth breathing in the past. She recently slept in the same room on a vacation and did not
hear audible mouth breathing but did notice that Susie seemed to toss a turn quite a bit
during sleep. Susie had occasional sleep walking when younger but not in the last four
years. Susie and her family are vegetarian and she doesn’t usually take vitamins. Paternal
family members have had ADHD and restless legs but no history of learning disability,
anxiety or sleep disordered breathing. There were no significant physical exam findings.

Susie’s sleep concerns raise a question about several sleep problems. One is delayed sleep
phase syndrome, a common tendency among adolescents for the sleep-wake schedule to
drift later. Susie’s later sleep-wake cycle, when coupled with her school schedule, increases
the risk for problems with sleep initiation and getting up in time for school. Her restlessness
at bedtime and through the night, as well as the sensations at the lower extremities at
bedtime suggest restless legs syndrome. She is at risk for iron deficiency, associated with
RLS/PLMD, due to the less dietary iron, growth due to adolescence and losses due to early
menarche. In addition, Susie’s worries about doing well may add to her risk for insomnia.
Altogether, Susie’s duration and quality of sleep are likely disturbed and in turn, affecting
daytime functioning through potentially direct effects related to RLS and indirectly through
chronic sleep deprivation. Her daytime sleepiness is an indication that the sleep she is
getting isn't enough. The parent has had a long-standing concern about some ADHD
symptoms but the onset is later than typical.

To evaluate Susie further, a sleep log was obtained to assess sleep duration and the stability
of sleep-wake pattern. Iron studies were obtained and showed a serum ferritin of 10,
borderline low serum iron but no anemia. Conners rating scales from both parents and two
teachers endorsed problems with attention and executive functioning but all other scales
(including hyperactive-impulsive domains) were within normal limits for age and gender.

Susie was recommended to begin an iron supplement for the mild iron deficiency. In
addition, Susie worked with the doctor to regularize her sleep-wake schedule between
weekday and weekend. Susie also adjusted her daytime schedule so that she felt better able
to meet her commitments for school, homework, practice times and friends. After three to
four months, repeat iron studies showed correction of iron status and improved RLS
symptoms. She was adhering to the new schedule and getting to sleep more easily. Conners
rating scales and interview at follow up did not endorse ADHD concerns and teachers
reported improved school performance. Taken together, Susie’s presenting concerns seemed
more likely related to sleep problems than ADHD at this time, but longer term follow up
was recommended to assure she remained on track.

9. Conclusion

In this chapter, we have reviewed the relationship between ADHD and sleep disorders with
the purpose of highlighting the importance of evaluating sleep problems when children and
adolescents present for evaluation of ADHD. Studies have suggested that many
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practitioners do not routinely screen for sleep problems in general or for specific conditions
like SDB in particular (Chervin, 2000; Chervin, 2001; Blunden, 2004). In one study in a
general pediatric clinic, 830 parents of children ages two to thirteen years of age completed
the Pediatric Sleep Questionnaire (PSQ), a validated survey of a number of medical and
behavioral problems of sleep in children (Chervin, 2000). The parents of 86 children
endorsed a sleep problem for their child and 44 of them (about 5% of the total number)
endorsed symptoms of sleep disordered breathing. On a retrospective chart review of these
children, less than 11% (5 of 44) had documentation that the symptoms were discussed
(Chervin, 2001). Other studies have also called attention to the importance of screening
about sleep problems in primary care settings (Blunden, 2004; Fallone, 2002).

Toddler/preschool School-aged Adolescent
(2-5 years) (6-12 years) (13-18 years)
Y y y
Does your child have any Do vou have an
1. Bedtime Does your child have problems at bedtime? ro}llalems falliny
‘roblems any problems going to | (Parent) Do you have any aIsjlee at bed tim§7
P bed? Falling asleep? problems going to bed? pa’ '
(Child) (Child)
Does your child have

Does your child seem difficulty waking in the | Do you feel sleep a
overtired or sleepy alot | morning, seem sleepy | lot during the day?
during the day? Does during the day or take In school? While
she still take naps? haps? (Parent) Do you feel | driving? (Child)
tired a lot? (Child)
Does your child seem to
wake up a lot at night?
Any sleepwalking or Do you wake up a
Does your child wake | nightmares? (Parent) Do | lot at night? Have

2. Excessive
daytime
sleepiness

3. Awakenings

i}lrﬁ?g the up a lot at night? you wake up a lot at trouble getting back
& night? Have trouble to sleep? (Child)
getting back to sleep?
(Child)

What time does your child | What time do you

4 Regularity Does your child havea | go to bed and get up on |usually go to bed on

and duration regular bedtime and school days? Weekends? school nights?
of sleep wake time? What are Do you think he/she is Weekends? How
they? getting enough sleep? much sleep do you
(Parent) usually get? (Child)
Does your child snore a Does. y}?ﬁr Chﬂd. have loud Does your teenager
5. Snoring lot or have difficulty Or Y SOTNg or any snore loudly or

breathing difficulties at

. c 1o
breathing at night? night? (Parent)

nightly? (Parent)

Source: Owens, J. and Dalzell, V. “Use of the ‘BEARS’ sleep screening tool in a pediatric continuity
clinic: a pilot study.” Sleep Medicine: 6 (2005) 63-69, used with permission

Table 1. BEARS Sleep Screening Algorithm
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A screening tool, the BEARS was developed by Owens et. al., and consists of five sleep-
related areas to screen at primary care visits. After implementing this instrument in a
primary care setting, significantly more sleep issues were documented and sleep problems
identified by the practitioners (Owens & Dalzell, 2005).

The term “BEARS” stands for:

e B - Bedtime problems

e E - Excessive daytime sleepiness

e A - Awakenings during the night

¢ R-Regularity of sleep/wake cycles and average sleep duration
e S-Snoring

In conclusion, the relationship between ADHD and sleep disorders in children and
adolescents can make evaluation of ADHD challenging. However, a methodical and
thorough evaluation that recognizes expected and unexpected developmental features
related to sleep will help to assure proper and timely identification and management of both
ADHD and disorders of sleep.
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1. Introduction

In this chapter we consider the neuropsychopharmacology of ADHD in general and
dopamine and the stimulants more specifically. Attention will be given to the various
neurotransmitter theories for ADHD. We will consider the theoretical mechanisms of
actions for the various medicines used to treat ADHD. We will look at how the stimulants,
although often assumed to be similar, actually show evidence of differential mechanisms of
action. We will look at new data that utilizes the technique of reverse microdialysis to
demonstrate how different the dose-response curves are for dopamine release in the
striatum following local application of the different stimulants.

Throughout the text we will use ADHD (Attention-Deficit/ Hyperactivity Disorder) without
reference to the DSM-IV type, unless a specific reference pertains to combined, inattentive or
hyperactive subtypes.

2. Neuropsychopharmacology of stimulants

The stimulant medications were discovered serendipitously with the indirect observation that
amphetamines calmed and focused children who were given the medicine to try to treat
headache that was caused by the technique of pneumoencephalography, a largely outdated
procedure where the spinal fluid was drained and replaced with air in order to see the brain
more clearly on X-ray (Bradley, 1937, Strohl, 2011). The form of amphetamine used by Bradley
was Benzedrine, the racemic mixture, or 50/50 mixture of d- and l-amphetamine. Because of
research pointing to the dopamine releasing qualities of the stimulants, the earliest theory for
ADHD was that it represented a hypodopaminergic state. This hypodopaminergic state
theoretically led to alterations in reward sensitivity if it was in the nucleus accumbens,
hyperactivity if lowered dopamine was in the striatum, and decreased inhibitory control if the
lowered dopamine was in the frontal cortex. Although the collective data never supported
such clean demarcations in brain structure and dependence solely on dopamine, the
“hypodopaminergic” theory of ADHD is still a popular teaching in the clinical setting.

2.1 Dopamine and ADHD

Dopamine was not always considered a neurotransmitter. As details about the
neurotransmitters were emerging dopamine was noted as the penultimate molecule in the
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synthesis of norepinephrine. The concept emerged of the monoamines being packaged into
discrete vesicles that could be released when an action potential brought on an influx of
calcium. Dopamine was transported into these synaptic vesicles by VMAT (Vesicular
Monoamine Transporter). Then the enzyme Dopamine p-Hydroxylase inside the vesicle
converted the dopamine to norepinephrine. Work by Carlsson and others in the 1950s
showed that some regions of the brain, particularly the basal ganglia that includes the
striatum and nucleus accumbens, were enriched in dopamine and had very little
norepinephrine (Cooper et al., 2003). Following these discoveries, dopamine’s importance in
coordinating motor control, Parkinson’s Disease, and reward were established. It was found
that following release of dopamine from presynaptic vesicles that dopamine had specific
receptors postsynaptically that could modulate the neurons function (both stimulatory and
inhibitory modulation depending on the dopamine receptors and second messenger
systems). Dopamine receptors were also found presynaptically and thought to allow for
feedback mechanisms for precise regulation of dopamine release. Finally, dopamine’s effects
were terminated both through reuptake into the presynaptic cytoplasm by the dopamine
transporter (DAT), and by metabolism either inside the neuron by MAO (monoamine
oxidase) or extracellularly by COMT (catechol O-methyl transferase) (see Figure 1).

As discoveries about dopamine were evolving, stimulants were being used for many
purposes in the mid to late 20th century. Bradley’s observations on amphetamine’s benefit
for children with features of ADHD went largely ignored for several decades. The
stimulants found use for their ability to keep people awake despite fatigue. Several
militaries in World War Two used both amphetamine and methamphetamine for this
purpose, although it was soon found that soldiers would “crash” following this use and
need time to recover. Tolerance was also noted with increasing doses needed for effects such
as euphoria. Abuse was reported for several decades before the FDA banned Benzedrine
inhalers and limited amphetamines to prescription use only in 1959. Researchers in the
1970s and 1980s connected and clarified the stimulants function in increasing dopamine in
the synaptic cleft, as well as its connection to treating ADHD and the role of both tonic and
phasic levels of dopamine (Robbins & Sahakian, 1979). Perhaps due to the ease of
measurement and abudance of dopamine in the striatum and nucleus accumbens, dopamine
research predominated over norepinephrine. In truth, amphetamines exert most of its CNS
effects through dopamine and norephinephrine, with very little effects on serotonin.
Methylphenidate is strongest at blocking dopamine and much less so norepinephrine, and
even less so for serotonin (Gatley et al. 1996). Finally cocaine and methamphetamine seem to
affect all three neurotransmitters, with their effect on serotonin theoretically leading to the
greater euphoria. When this serotonin function is coupled to the reward function of
dopamine release in the nucleus accumbens, it theoretically makes methamphetamine and
cocaine have greater overall abuse potential compared to amphetamine and
methylphenidate. To this day, stimulants are approved for use in ADHD, narcolepsy, and
severe obesity; but with strict control by the FDA and other governmental agencies around
the world.

2.2 Other Neurotransmitters and ADHD

As more intricacies have been revealed through animal models of ADHD and human
research, other neurotransmitters have been implicated in ADHD. Perhaps the strongest
case can be made for norepinephrine. Arnsten and colleagues have suggested that
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norepinephrine is as important as dopamine in attention and ADHD. Recent elegant work
in non-human primates suggest that alpha-2 adrenergic input in the frontal cortex is critical
in maintaining working memory in a visual attention task constructed by Arnsten’s group
(Wang et al., 2007). Interestingly, dopamine-1 receptor input is needed in the areas
surrounding the circuitry of working memory to suppress areas of the frontal cortex that
were not needed for that specific memory. One might say that norepinephrine was allowing
for saliency and attention, and dopamine for signal-to-noise adjustment or inhibition of
inappropriate information (Gamo et al., 2010).

Initially one might think that atomoxetine lends credence to just the norepinephrine theories
of ADHD in that it is a NET (norepinephrine transporter) inhibitor. But research has shown
that the NET transports dopamine as well as NE. Thus atomoxetine raises NE and DA in the
prefrontal cortex. Since NET is primarily present in the frontal cortex and not the nucleus
accumbens or striatum, the neurotransmitter modulating effects of atomoxetine are only in
the frontal cortex. This accounts for its lack of abusability, and perhaps the fact that
atomoxetine overall is a less efficacious medicine for ADHD compared to amphetamine and
methylphenidate (Lile et al., 2006). The stimulants in blocking DAT (dopamine transporter)
also create increases in both DA and NE, since like NET, DAT transports both DA and NE.

Other neurotransmitters implicated in ADHD include acetylcholine, histamine, adenosine
receptors, and glutamate. Nicotinic receptors are involved in various tasks requiring
attention and this has led to the speculation that the high rate of smoking seen in people
with ADHD may be due in part to “self-medication”. Although most nicotinic medications
have targeted Alzheimer’s, there use in memory may prove beneficial to ADHD. Several
histamine-3-receptor antagonists are in the stages of being tested for ADHD and other
cognitive disorder (Sander et al., 2008). Only a few studies have been reported thus far and
their results using these histamine modulating drugs for ADHD have been mixed (Brioni et
al., 2011). Caffeine, an adenosine receptor antagonist, can improve symptoms of ADHD in
some animal models perhaps through interactions of adenosine receptors and dopamine
systems. Caffeine is poorly studied in ADHD but appears to help alertness more than actual
symptoms of ADHD (Smith 2002). Glutamate has recently been implicated from both
neuroimaging and neuroscience. One open labeled trial has shown that glutamate
modulating drugs, such as NMDA antagonist memantine shows some efficacy in treating
ADHD (Findling et al., 2007). Interestingly a recent patch clamp study suggests that
atomoxetine is also an NMDA antagonist at clinical levels (Ludolph et al., 2010).

2.3 Heterogeneity amongst the stimulants

Returning to the dopamine mechanisms of action involved in ADHD let us now focus on
how the separate stimulants used in treating ADHD are different from each other.
Methylphenidate has been shown to have a mechanism of action similar to cocaine in that it
specifically blocks DAT (see Figure 1). D-amphetamine (the dextro-isomer of amphetamine)
has been shown to have three potential mechanisms. The first is direct effect on the DAT by
allowing reverse transport of DA from the cytoplasm presynaptically into the synapse, this
is a calcium-independent DA release that is perhaps coupled to overall decrease in DA
uptake. Secondly d-amphetamine inhibits MAO-B (Monoamine oxidase-B isoform) which
catabolizes DA. Thirdly, d-amphetamine inhibits VMAT (vesicular monoamine transporter)
leading to an increase in cytoplasmic DA that can be reverse transported out by DAT (see
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Figure 1) (Bergman et al. 1989; Cadoni et al. 1995). Although it is not known which of these
three mechanisms is the most important of note is that all three are different than
methylphenidate. This agrees with the clinically observed phenomena that responses to
methylphenidate and d-amphetamine are not always equal in patients. Thus, if a patient is
not doing well on one stimulant, say methylphenidate, then it is the recommended standard
of care to then try an amphetamine preparation. Sonders et al. (1997) categorized
pharmacological agents that act on the human dopamine transporter (hDAT) into two
groups: substrates for DAT (including dopamine and amphetamine) and cocaine-like
(including cocaine and methylphenidate). Thus, amphetamine can actually serve as a
substrate for DAT, like dopamine itself; whereas methylphenidate is not a substrate for
DAT.

L-tyrasine
1 Tyrosing
> Amphetamine fsrespiosa
; BOPA
O Methylphenidate mw e

c‘;‘)"@

e Caz*
SMT«—COMT.
P T, S . S— P
“@T Ds D 0, 0,

Fig. 1. Simplified Model of Dopamine synapse with putative mechanisms of action for
amphetamine and metylphenidate.

But are all amphetamine preparations equivalent? What about the preparations such as
Adderall that have some l-amphetamine (the opposite stereo isomer of d-amphetamine). In
the 1990s the drug Adderall was introduced and marketed as a robust treatment for the
symptoms of ADHD compared to other medications (Popper 1994; Patrick et al. 1997). One
clinical study compared Adderall to D-amphetamine and found that Adderall decreased
specific symptoms of hyperactivity slightly faster and over a longer time period than D-
amphetamine (James et al. 2001), but this was a minor difference. Other clinical trials
support that Adderall is more effective than immediate-release methylphenidate on
outcomes measured 4 to 5 hours after dosing (Pelham et al. 1999). A majority of data
supports that population comparison of efficacy for stimulants in treating ADHD show little
difference. It is only when you get to the individual patient that you find differences in the
stimulants. For example, l-amphetamine alone has been tested and shown in a smaller study
to be useful for some patients with ADHD, even a few which did not respond as well to d-
amphetamine (Segal 1974). More recent comparison of controlled-release preparations of
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amphetamines and methylphenidate show little differences in overall efficacy. Previous in
vivo voltammetry data in our laboratory showed differences in kinetics between
amphetamine optical isomers (Glaser et al. 2005). In these studies, preparations with L-
amphetamine evoked faster DA rise times and signal decay times compared to D-
amphetamine. Additionally, data collected by our group showed greater amplitudes and
longer DA response signal kinetics following local applications of Adderall in comparison
with D-amphetamine and D,L-amphetamine (Joyce et al. 2007) supporting different
mechanistic effects of these drugs on DA release.

2.4 Reverse microdialysis of stimulants in the rat striatum: hypothesis

When comparing different stimulant medications and their effects on dopamine levels,
several caveats have limited direct comparison. First of all, stimulants are often given by
intraperitoneal injection, due in part to its ease and the fact that the rapid rise in blood levels
makes dopamine easier to measure in brain regions. However variability in absorption and
first pass effects of the liver make it difficult to compare concentrations between
medications. Gavage or oral delivery of food, while simulating the clinical experience for
ADHD, has even more pharmacokinetic factors involved due to gut absorption factors as
well. Finally, many injection and oral stimulant studies have to use larger, more abuse
related dosing, because there are often little appreciable changes in dopamine at drug
dosing similar to that used in ADHD, although a few studies have been able to accomplish
this (Berridge et al, 2006). In order to circumvent some of these caveats, and yet still look at
the in vivo effects of these drugs and their differences on striatum, we chose the technique of
reverse microdialysis. This technology places the medication in the dialysate that goes
directly to the striatum and allows for direct and sensitive dose-response curves for
stimulant-evoked dopamine.

The technique of reverse microdialysis coupled with high performance liquid
chromatography with electrochemical detection (HPLC-EC) was used to study local drug-
evoked increases in extracellular dopamine (DA) levels and changes in DA metabolites in
the striatum of anesthetized rats. Purdom et al. (2003) showed data supporting that the
order of administration of different concentrations of D-amphetamine significantly affected
DA and DOPAC levels. These results were likely attributable to changes in the surface
expression of DAT on DA nerve endings and/or DAT function. Other in vitro studies have
shown substrate dependent trafficking of the DAT to and from the plasma membrane and
subsequent changes in the ability to transport DA (Kahlig et al. 2005; Johnson et al. 2005;
Saunders et al. 2000; Kahlig et al. 2004; Kahlig and Galli 2003). Therefore to have the most
accurate dose-response curves the same animal should not be used to test several doses. For
these experiments drug-naive animals were used to circumvent issues regarding DAT
trafficking and/or change in function following substrate exposure (Kahlig and Galli 2003;
Kahlig et al. 2004; Purdom et al. 2003). We tested the hypothesis that stimulant
concentration-response curves of DA and its metabolites will display differential patterns of
DA overflow that correlate with their mechanistic properties at the level of DAT function. In
addition, we tested a unique formulation of 25% D- and 75%L-amphetamine and termed
this mixture “Reverse Adderall”, to contrast it with Adderall that is ~75% D- and 25% L-
amphetamine. We hypothesized that the Reverse Adderall would also have a differential
dose-response curve than the other amphetamine preparations.
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2.5 Reverse microdialysis of stimulants in the rat striatum: methods

Male Fischer 344 (F344) rats (3-6 months old) were anesthetized with urethane (1.25 g/kg
i.p. in 0.9% saline). After placement into a stereotaxic frame (Kopf, Tujunga, CA, USA) with
the incisor bar set at -2.3 mm, the rat striatum was prepared for study. Body temperature
was maintained by use of an isothermal heating pad (Braintree Scientific, Braintree, MA,
USA) at 37° C and periodically monitored by a rectal thermometer. After the retraction of
the skin and tissue and exposure of the skull overlying the striatum, a small craniotomy (2 x
2 mm) was carried out in the right hemisphere. The microdialysis probes were
stereotactically placed with respect to bregma: +1.0 mm AP, +2.2 mm ML, DV -6.0 mm)
(Paxinos and Watson, 1986). The 2-mm length membrane probes (CMA/11, CMA
Microdialysis, Stockholm, Sweden) remained at this location for the duration of the
experiment. All procedures were performed in accordance with the National Institutes of
Health Guidelines for the Care and use of Mammals in Neuroscience and Behavioral
Research (2003) and were approved by the Animal Care and Use Committee of the
University of Kentucky.

Fluid flow through the microdialysis probes was achieved using a syringe pump (KDS230,
KD Scientific, Holliston, MA) fitted with 1ml gastight syringes (1001 LTN, Hamilton USA,
Reno, NV) containing dialyzing fluid. Dialysis probes were perfused at a flow rate of 1
pl/min. Syringes were connected to a liquid switch (CMA/110, CMA Microdialysis,
Stockholm, Sweden) that allowed for alternation between treatments: artificial cerebral
spinal fluid (aCSF) (in mM: NaCl 123, KCl 3, CaCl2 1, MgCl2 1, NaHCO3 25, NaH2PO4 1,
and glucose 5.9) and aCSF + [drug]. Teflon tubing (FEP tubing, 0.12 mm i.d.) and tubing
adapters (CMA Microdialysis, Stockholm, Sweden) were used to establish all connections.
Samples were collected at twenty minute intervals into a 0.2 ml microcentrifuge tube and
manually injected into an HPLC-EC system. The order of administration for each of the
drug solutions tested was as follows: samples 1-6 (0-120 minutes, aCSF), sample 7 (120-140
minutes, aCSF + stimulant drug solution), samples 8-12 (160-240 minutes, aCSF).

Probe recoveries were collected using a standard solution with known concentrations of
DA, norepinephrine (NE), serotonin (5-HT), 3,4-dihydroxphenylacetic acid (DOPAC),
homovanillic Acid (HVA) and 5-hydroxyindoleacetic acid (5-HIAA). In order for a probe to
be used in these studies, in vitro recoveries of 10% + 1 were required. Based on this
exchange rate, seen for molecules similar in size to amphetamine such as DA, NE, and 5-HT,
we were able to more accurately adjust the effective concentrations of stimulant drugs being
studied.

Stimulant concentrations used for reverse microdialysis studies were chosen to represent a
range that included clinically relevant levels and abuse levels that were normalized for the
amount of D-amphetamine. Our prior studies support that D-amphetamine determines the
amount of DA released in the presence of both enantiomers (Glaser et al. 2005). The
following concentrations were used based on ~10% exchange rate for the microdialysis
probes: for D-amphetamine and methylphenidate, 0.1 uM, 0.5 uM, 1 pM, 5 uM, 10 uM, 25
uM, 50 uM, 100 pM, 400 pM were studied; for Reverse Adderall, 0.1 uM, 0.5 uM, 1 uM, 5 uM,
10 uM, 25 uM, 50 uM, 100 pM, 400 uM and 533 uM; ; and for Adderall , 0.1 uM, 0.5 uM, 1
uM, 5 uM, 10 pM, 25 uM, 50 uM, 100 uM, 400 uM and 539 pM solutions were studied . For
D,L-amphetamine (normalized to D-amphetamine/?2), L-amphetamine, and cocaine, only a
concentration of 400 uM was tested for maximum effect comparisons. Prior to each
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experiment, 20 mM ascorbic acid was added to each solution and solutions were aerated
with 95% 0O2/5% CO2. Solutions were immediately added to individual 1 ml gastight
syringes. Following each experiment, rats were intracardially perfused with 0.9% NaCl
solution followed by a 4% paraformaldehyde solution. They were then decapitated, and
their brains were frozen, sliced on a cryostat, and sectioned stained with cresyl violet to
verify probe placement in the striatum.

High-Performance Liquid Chromatography Coupled with Electrochemical Detection
(HPLC-EC) analysis followed the methods previously described by Hall et al. (1989). The
low level detections of DOPAC, DA, 5-HT, NE, 5-HIAA, and HVA were performed using an
isocratic HPLC system (Beckman, Inc., Fullerton, CA) coupled to a dual-channel
electrochemical array detector (model 5300A, ESA, Inc., Chelmsford, MA), E1 = +0.35 mV
and E2 = -0.25 mV, with an ESA model 5011A dual analytical cell. The compounds of
interest were separated with reverse-phase chromatography, using a C18 column (4.6 mm x
75 mm, 3 pm particle size, Shiseido CapCell Pak UG120, Shiseido Co., LTD., Tokyo, Japan)
with a pH 4.1 citrate-acetate mobile phase, containing 4% methanol and 0.34 mM 1-octane-
sulfonic acid delivered at a flow rate of 2.0 ml/min. Peaks for the analytes were identified
by retention times from known standards.

Data were collected from 5-6 animals per 10 drug concentrations (for Adderall, D-
amphetamine, Reverse Adderall, and methylphenidate). Data were collected for 5-6 animals
for the highest drug concentration only for L-amphetamine, D,L-amphetamine, and cocaine.
The raw microdialysis values were expressed as nM based on a 1 x 10-7 M mixed standard
of known analytes and probe recoveries of ~ 10%. Outliers were excluded based on data
falling outside of 2 standard deviations from the mean. Concentration-response curves were
constructed based on the mean peak DA overflow concentration following the twenty
minute reverse microdialysis of each drug concentration. GraphPad Prism statistical
analysis software, version 4.0 (Prism, San Diego, CA, USA), was used to determine the
appropriate nonlinear curve fit and Log half maximal effective concentration (EC50) of each
drug. An initial one-way analysis of variance was used to determine significance of DA
overflow from the aCSF control. A second one-way analysis of variance was used followed
by post-hoc t-tests with Bonferroni’s corrections to compare DA release produced following
reverse microdialysis of clinically relevant drug concentrations and maximum
concentrations. Potency measures were defined by the stimulant that reached its half-
maximal response on the concentration-response curve with the lowest effective
concentration of stimulant. Efficacy measures were defined by the highest amount of DA
overflow evoked when all stimulant concentrations were at maximal levels. Statistical
significance was defined as p<0.05.

2.6 Reverse microdialysis of stimulants in the rat striatum: results

Average baseline levels of DA (<10 nM) were measured and found to be similar to
previously collected data in the striatum of anesthetized and awake-behaving rats (Gerhardt
and Maloney 1999; Ferguson et al. 2003; Garris et al. 1994; Kawagoe et al. 1992; Parsons and
Justice 1992). Baseline DOPAC levels were determined to be (~800-1000 nM) in the rats used
for the D-amphetamine and Adderall studies and are similar to previously reported levels
(Ferguson et al. 2003). The DOPAC data are reported as percent of baseline due to increased
variance in baseline samples collected from the rats used for the Reverse Adderall and
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methylphenidate studies (Fig. 3). Levels of the DA metabolite homovanillic acid (HVA), 5-
hydroxyindoleacetic acid (5-HIAA) and serotonin (5-HT) levels were measured and
concentration-dependent effects were not detected (data not shown).

The twenty minute local tissue perfusions of drugs induced a concentration-dependent
increase in DA overflow followed by a 60 minute time period to return to baseline
supporting the DAT and DA uptake blocking effects of the tested stimulants (Wise and
Hoffman 1992; Sulzer et al. 1993; Schweri et al. 1985). The resulting DA levels, at the highest
concentration of drug, were similar to previous microdialysis measures of ~150 nM (Seeman
and Madras 2002). The measures of DA were seen to decline over 2 more fractions post drug
administration. Furthermore, applications of the lowest stimulant concentration resulted in
DA levels that were not statistically different from those seen after reverse microdialysis of
the artificial cerebral spinal fluid (aCSF) control.

The resulting D-amphetamine concentration-response curve for extracellular DA in rat
striatum displayed an unexpected double-sigmoidal pattern with two plateaus. Plateaus in
the amount of DA overflow occurred at the lower concentration (1 pM D-amphetamine) and
at a higher concentration (100 uM D-amphetamine). At 0.1 uM D-amphetamine, little or no
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Fig. 2. Dose-Response curves for evoked overflow of dopamine in the rat striatum by
various stimulants.
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increase in DA overflow resulted in comparison to aCSF control; and no significant
differences were found between 100 pM and 400 puM D-amphetamine supporting an upper
plateau in DA measures (Figure 2). Two half-maximal effective concentration (EC50) values
are indicated for the higher potency (lower plateau) and lower potency (upper plateau)
portions of this concentration-response curve (Table 1).

Drug ECso [Drug] (uM) Maximum Response
For DA (uM) For DA
Methylphenidate 10 138.7+£22.2
Adderall 25 184.6+12.3
D-amphetamine II 50 144.5+15.6
Reverse Adderall 50 176.7+19.1
D-amphetamine I 0.5 N/A

Table 1. Stimulant Potency and Efficacy on DA Measures
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Fig. 3. Dose-Response curves for overflow of dopamine metabolite DOPAC in the rat
striatum by various stimulants.
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The methylphenidate concentration-response curve for extracellular DA in the rat striatum
also supports a concentration-dependent increase in DA levels (Figure 2). Since
methylphenidate had previously been characterized as a DAT blocker and not a substrate
that undergoes transport through the DAT, we hypothesized that we would see much lower
levels of DA release in an anesthetized rat. It was therefore surprising to see that
applications of 0.5-400 pM methylphenidate increased DA concentrations significantly
greater than aCSF control. However, in contrast to d-amphetamine, 0.1 pM methylphenidate
did not cause increased DA release that was significantly different from control. The two
highest concentrations tested (100 and 400 pM) were not significantly different in the
amount of DA release (Figure 2).

The Adderall concentration-response curve for extracellular DA measured in the rat
striatum demonstrated a similar range of evoked DA overflow, although the dose-response
curve was closer to a single sigmoidal curve (Figure 2). An upper plateau in DA levels
occurred at 100 uM Adderall, as 100 pM and 400 uM Adderall were not significantly
different in response. At 0.1 pM, Adderall did not produce DA levels that were significantly
different from local application of aCSF control.

Finally, the Reverse Adderall (75% L-amphetamine, 25% D-amphetamine) concentration-
response curve for extracellular DA showed a concentration-dependent increase in evoked DA
at all concentrations tested except for 0.1 pM; which was not significantly different from aCSF
control (Figure 2). While Reverse Adderall was predominantly made of L-amphetamine, it did
not increase DA levels to the extent of Adderall at some concentrations (Table 1). The highest
two concentrations of Reverse Adderall tested were significantly different supporting that a
plateau of DA measures will likely occur at a higher concentration.

Figure 3 shows the individual tracings of detected DOPAC levels (represented as % of
baseline) following reverse microdialysis of D-amphetamine at multiple concentrations. D-
amphetamine, Adderall, and Reverse Adderall inhibited DOPAC levels in a similar manner
following local perfusion of drug at 120 minutes and continued to decrease DOPAC
production up to one hour when DOPAC levels returned to baseline. While methylphenidate
caused increased DA levels similar to the other stimulants, it did not affect DOPAC levels in a
consistent manner and was similar in this aspect to the effects of cocaine. DOPAC production
was less affected by methylphenidate and cocaine in comparison to Adderall (p<0.001), and D-
amphetamine (p<0.01, p<0.05). Reverse Adderall, L-amphetamine, and D,L-amphetamine all
caused significantly greater effects on DOPAC levels in comparison to cocaine (p<0.001). An
initial increase in DOPAC was seen following application of 100 pM and 400 pM
methylphenidate followed by a decrease similar to that of other concentrations without a
pronounced concentration-dependent pattern (data not shown).

2.7 Reverse microdialysis of stimulants in the rat striatum: implications

These data represent novel findings regarding the effects of various stimulants across a
range of concentrations on dopamine release in the striatum. The concentration-response
curve for D-amphetamine displayed a double-sigmoidal pattern that supported dual-
functionality properties of the DAT and/or differential mechanisms by which high and low
levels of D-amphetamine affect DA efflux. In addition, these data show for the first time that
local applications of methylphenidate increased DA levels in a concentration-dependent
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pattern and even demonstrated a greater EC50 (DA) when compared to other stimulants.
These data are in agreement with our previous in vivo high speed chronoamperometric data
that support the robust local activity of Adderall compared to other ADHD medications
(Joyce et al. 2007). Decreased DA levels caused by cocaine compared to higher DA levels
after local application of methylphenidate suggest dissociation between the local effects of
methylphenidate and cocaine. DOPAC levels in these studies showed significant decreases
following additions of any of the amphetamine preparations in a dose- dependent fashion,
whereas cocaine and methylphenidate were less effective in inhibiting DOPAC production.

The data shown here are consistent with the known DA releasing properties of
amphetamine predominantly due to DAT reversal of normal reuptake into the presynaptic
terminal (Giros et al. 1996). Likewise, amphetamine has been shown to impair DA reuptake,
inhibit MAO activity, and affect vesicular conditions that lead to emptying of vesicular
stores via the vesicular monoamine transporter 2 (VMAT?2) (Horn et al. 1971; Sulzer et al.
1995; Dubocovich et al. 1985; Heikkila et al. 1975; Uretsky and Snodgrass 1977; Green and El
Hait 1978, Cadoni et al 1995). Our previous data support amphetamine enantiomeric
differences that could not be accounted for across multiple concentrations due to technical
limitations; particularly with the current difficulties of studying the effects of low levels of
these drugs on DA release using in vivo electrochemical methods (Glaser et al., 2005). We
chose to carry out these studies in this manner based on information supporting the
dynamic changes that occur in DA neuronal systems in response to DAT substrates and
inhibitors. Purdom et al. (2003) showed data supporting that the order of administration of
different concentrations of D-amphetamine significantly affected DA and DOPAC levels.
These results were likely attributable to changes in the surface expression of DAT on DA
nerve endings and/or DAT function. Other in vitro studies have shown substrate
dependent trafficking of the DAT to and from the plasma membrane and subsequent
changes in the ability to transport DA (Kahlig et al. 2005; Johnson et al. 2005; Saunders et al.
2000; Kahlig et al. 2004; Kahlig and Galli 2003). Therefore we used stimulant-naive animals
for these studies, an important but often neglected consideration in many mechanistic
studies of stimulant medications.

While we have described the use of voltammetric studies to investigate the properties of
stimulants at low levels, it is difficult to accurately predict what the resulting effective
concentrations were in these studies. Voltammetry affords the ability to study
neurotransmission with high temporal and spatial resolution; however, we lose a
magnitude of sensitivity that is available using microdialysis coupled with HPLC-EC. Using
HPLC-EC to analyze samples collected during reverse microdialysis (local application) of
stimulant drugs allows for studies to be carried out with lower drug concentrations. These
studies were designed to complement our previous studies and mimic longer
administration (over 20 minutes) in converse to the rapid pressure ejection used earlier (20
seconds). As a final rationale of this work, we proposed to investigate complete
concentration-response studies using reverse microdialysis coupled with HPLC-EC.
Investigations of concentration-response patterns were intended to increase our
understanding of ADHD drug mechanistic activity by looking at their effects on DA and
metabolite levels.

Although we did measure norepinephrine (NE) with our HPLC methods, the peak was not
consistently measurable due to its proximity to the solvent edge. In addition, NE is not a
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common neurotransmitter in the striatum. Therefore, one caveat of our study is that it does
not investigate the possibility that NE elevation, and not DA, in the PFC (and not the
striatum) is most important for clinical efficacy in ADHD. This theory goes on further to
state that DA is elevated in the synapse only at higher doses of stimulants and that this leads
more to the rewarding symptoms and drug-abuse potential (the downward slope of the
theoretical inverted-U of stimulant action). Our data would suggest that this may be true for
methylphenidate, but that d-amphetamine does involve appreciable DA at lower-doses that
may work in concert with NE in the PFC. This would also give credence to the fact that the
two main stimulants are both tried on patients with ADHD because some will respond well
to one and not the other, where as other patients respond to both. Obviously, a repeat of this
study using microdialysis in the PFC and an HPLC method to pick up the lower levels of
DA and NE in the PFC would be needed to answer this mechanism of action question.

One possible mechanism for the D-amphetamine double-sigmoidal concentration-response
curve involves targeting of specific DA pools and amphetamine concentration-dependent
effects. Some data support contribution of both cytosolic and vesicular stores to the released
DA following exposure to amphetamine (Pifl et al. 1995); while other data indicate a
predominant vesicular DA contribution (Jones et al. 1998). Jones et al. (1998) measured DA
released following electrical stimulation and amphetamine perfusion of striatal brain slices
and noticed a delay in DA release with amphetamine, supporting that DA had to be
redistributed to the cytosol prior to being released from the cell. Based on these different
contributions to amphetamine-evoked DA increases, we suggest that lower concentrations
of D-amphetamine release “newly synthesized” DA pools in the cytosol, and higher
concentrations contribute to the emptying of vesicular stores. Together this produces a
biphasic pattern and a marked increase in the amount of DA released at the higher
concentrations (Seiden et al. 1993; Langeloh and Trendelenburg 1987, Sulzer et al.
1993,2005).

An alternative mechanism for the D-amphetamine concentration-response curve might be
explained by an upregulation of DAT levels caused by stimulation of D2R autoreceptors
leading to second messenger regulation. Others have reported a link between stimulation of
D2R autoreceptors and levels of membrane DATs (Parsons et al. 1993; Cass and Gerhardt
1994; Rothblat and Schneider 1997; Dickinson et al. 1999; Hoffman et al. 1999; Mayfield and
Zahniser 2001). For example, decreased DA clearance in the striatum, prefrontal cortex, and
nucleus accumbens after administration of the D2R agonist raclopride has been
demonstrated (Cass and Gerhardt 1994). In addition, acute amphetamine stimulation caused
increased synaptosomal DAT surface expression that occurred within 30 seconds (Johnson
et al. 2005) indicating the rapid trafficking of the DAT and supporting that these changes
would have occurred during the time frame we were sampling (Saunders et al. 2000). Due to
the comparatively increased sensitivity of D2R autoreceptors, low levels of extracellular DA
are sufficient to stimulate these autoreceptors that would result in increased DA clearance
(Cooper et al. 2003) (Fig. 4). The small amounts of released DA required to stimulate these
autoreceptors would be taken up quickly through increased levels of membrane DATs,
supporting the effects we see with the first plateau of the D-amphetamine concentration-
response curve. At higher concentrations of D-amphetamine, increased DA clearance will
likely be followed by autoreceptor desensitization caused by the high levels of DA released
after such a robust concentration of drug (Khoshbouei et al. 2004; Gorentla and Vaughan
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Fig. 4. Theoretical model of activity describing the double Plateaus of the D-amphetamine
concentration-response curve for DA: Plateau I Low [D-amphetamine]: Lower
concentrations of D-amphetamine cause reverse transport of low levels of DA through the
DAT. In addition, DA sensitive D2R autoreceptors are stimulated. Due to the increased
clearance of DA, the result is the first plateau of the concentration-response curve. Plateau
II High [D-amphetamine]: Amphetamine has been shown to interact with DATs and
facilitate DA release followed by DAT internalization. Higher concentrations of D-
amphetamine will likely cause increased DA release and DAT internalization. D2R
autoreceptor desensitization is likely to occur and interrupt DAT expression. Higher
levels of extracellular DA and decreased DA clearance likely cause the second plateau.

2005; Kim et al. 2001; Namkung and Sibley 2004; Ferguson et al. 1996; Tang et al. 1994) (Fig.
4). Finally, data support that interactions of amphetamine and the DAT lead to DAT
internalization via phosphorylation of target residues in the C- and N- termini (Khoshbouei
et al. 2004; Kahlig et al. 2006; Fog et al. 2006), that may contribute to the effects we see in the
second plateau of the D-amphetamine concentration-response curve. We propose that the
amount of D-amphetamine in Adderall leads to a similar but slightly different
concentration-response curve. Previous in vivo electrochemical data support the faster
kinetics of the effects of L-amphetamine in combination with the slower kinetics of D-
amphetamine could allosterically modulate DAT trafficking rendering a concentration-
response with less apparent plateaus (Glaser et al. 2005; Joyce et al. 2007). Another possible
correlation is the similar EC50 for both the second D-amphetamine sigmoidal curve and the
DOPAC decrease consistent with MAO inhibition.

While the double plateaus we note here are in regards to increasing concentrations of D-
amphetamine, other reports suggest biphasic effects of catecholamine transporters over
different parameters. Johnson et al. (2005) described the effects of amphetamine on DAT
surface expression in rat synaptosomes. They described initial amphetamine upregulation of
DATs to the plasma membrane leading to DA efflux followed by amphetamine induced
internalization of DATs after repeated doses of amphetamine. Jayanthi et al. (2005) described
mechanisms that contribute to a biphasic regulation of endogenous serotonin transporters
(SERTS) expressed in platelets. Protein Kinase C (PKC) activation in platelets resulted in the
initial reduction of functional SERTSs followed by enhanced endocytosis of SERTs.
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Intraperitoneal administration of methylphenidate in freely-moving rat has been shown to
cause increases in DA levels measured in dialysates and some argue that the greatest effects
were seen in the prefrontal cortex (Hurd and Ungerstedt 1989; Berridge et al. 2006). In
particular, Hurd and Ungerstedt found that amphetamine and methylphenidate caused
similar increases in DA levels; however, methylphenidate caused these levels over a longer
time period correlating with the robust effects of methylphenidate we present here. This
study also reported that methylphenidate had less of an effect on decreasing DOPAC levels
compared to the more pronounced decrease caused by amphetamine (Hurd and Ungerstedt
1989). In terms of behavioral effects, D-amphetamine and methylphenidate have been shown
to induce locomotor activity at low doses and cause stereotypies at higher doses (Fessler et al.
1980; Hughes and Greig 1976; Scheel-Kruger 1971). Additionally, methylphenidate has also
been found to be reinforcing in regards to drug abuse potential in humans, and it has been
self-administered in animal models (Stoops et al. 2005; Rush et al. 2001; Risner and Jones 1975).
In general, cocaine and methylphenidate are thought to work in a similar manner by
predominantly acting as competitive inhibitors of the DAT (Wu et al. 2001) and increases in
extracellular DA result predominantly from this blockade after impulse-dependent release
of DA. However, the robust extracellular effects of methylphenidate in this study argue
against this concept as the effects observed mirror d-amphetamine and not cocaine.

While the argument can be made that the studies herein that involve local applications of
drugs fail to account for pharmacokinetic differences between these stimulants, we propose
that this is a particular strength of our study. For these experiments, drugs were applied
over a range of levels, including clinically relevant concentrations (10-50 uM) and
potentially drug abuse levels (>400 pM) (West et al. 1999; Shader et al. 1999; Kuczenski and
Segal 2001; Solanto et al. 2001; Grilly and Loveland 2001). The low concentrations were
projected to simulate potential levels of drug that would be present in brain tissue following
systemic or oral administration. Finally, administering the drugs via reverse microdialysis
eliminated pharmacokinetic issues from the study allowing for more of the pure effects of
the drugs on DA nerve terminals.

In summary, we have shown that the D-amphetamine concentration-response curve of DA
displayed a double plateau pattern indicating effects on DA stores and/or rapid regulation
of DAT trafficking and/or function. These data support that methylphenidate may cause
DA release in addition to acting as a DA uptake inhibitor. Taken together, these data explain
the effects of clinically available stimulants on DA levels over a range of concentrations and
confirm that methylphenidate, d-amphetamine, and combinations of amphetamine isomers
have potent, yet different, effects on dopamine in the striatum.

2.8 Future directions in the neuropsychopharmacology of ADHD

The data presented herein demonstrates the translational aspect of how the currently
available stimulants are different from each other, and therefore backs up the current
practice of trying different stimulants on patients to maximize efficacy and minimize side
effects. It is also suggests that other percentages of l-amphetamine may be useful to test in
the future for some patients with ADHD may respond better to them. Yet, this data does
little to address some of the larger problems that face us in understanding ADHD and in
finding superior treatments for ADHD. Some might argue that the stimulants are largely
effective and safe already. But with the risk of abuse and diversion, the fact that many
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adolescents and adults do not like how they feel on them and many other factors such as
whether or not they truly decrease a person’s subsequent risk for substance abuse, there is still
room for improved medications. Perhaps one goal may be to find a medication that truly helps
only those with ADHD, since stimulants actually can be “performance enhancing” drugs that
can give people such as college students without ADHD benefits in studying or taking tests
with little knowledge of their possible dangers or ethical implications.

In the future it will be useful to more fully understand not only the neurotransmitters involved
in the various aspects of ADHD, but the way that circuitry and brain region interact to lead to
dysfunction. Neuroimaging may contribute greatly to this as it obtains greater resolution and
ways to measure separate neurotransmitter systems. Our lab and others have begun to use
neurotransmitter specific probes to measure more accurately second by second changes in
neurotransmitters. We are finding the milieu is much more heterogeneous than previously
understandable by microdialysis. As microelectrode technology improves and gets more
compact, real-time recordings of multiple brain areas while the animal is awake will answer
more questions and allow for more precise drug development. Finally, pharmacogenomics is
starting to yield some benefit and may help in more targeted use of the right stimulants for the
right patient instead of the trial and error method now employed.

3. Conclusion

In this chapter we have reviewed the case for dopamine’s role in ADHD especially as it
pertains to the mechanisms of action of the stimulants methylphenidate and the various
amphetamines. We have also shown how many other neurotransmitters are involved in
ADHD and alternative medications for ADHD. No doubt as the neuropsychopharmacology
of ADHD evolves, we will discover more intricate details about the relative contributions of
the neurotransmitters and how they relate to the genetic and neurocircuitry levels of our
understanding. The ultimate goal of this knowledge is to improve treatment and maximize
safety for people of all ages with ADHD.
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1. Introduction

The use of psychostimulants, particularly methylphenidate, to treat Attention
Deficit/Hyperactivity Disorder (ADHD) symptoms in children and adolescents has
increased rapidly since the 1990s (Schubert et al. 2010). In the 2000s serious reports on
cardiovascular adverse drug reactions (ADRs), sudden deaths and psychiatric disorders
have led the regulatory agencies in Europe and the United States (US) to warn against use of
psychostimulants in the paediatric population (Schubert et al., 2010). In July 2007, class
labels were implemented in the product information to reflect more specific information
about cardiovascular and psychiatric adverse events and long-term suppression of growth
(European Medicines Agency, 2007, US Food and Drug Administration, 2007). Despite these
warnings, the number of children treated as well as the amount of psychostimulants
prescribed per child has steadily increased (Kalverdijk et al., 2008).

Studies have shown that the use of psychostimulants in children in the Netherlands
increased 8 times from 1996 to 2006 (Trip et al., 2009) and in Germany with 96% from 2000 to
2007 (Schubert et al., 2010). From 1994 to 2004 the use of psychostimulants in children
increased 5 times in Norway (Asheim et al., 2007), and from 1987 to 1996 the use of
psychostimulants increased 10 times among US children (Zuvekas et al., 2006).

Information about ADRs from psychostimulants has been reported in several clinical studies
of short duration, primarily conducted in 6 to 12-year olds boys, particularly in the US
(Bloch et al., 2009). The majority of ADRs reported in these studies were of the type
gastrointestinal disorders as well as nervous- and psychiatric disorders, and only few serious
ADRs were reported (Bloch et al., 2009). In spite of pharmacological treatment of children
with ADHD being common, this practice has been highly debated among health care
professionals due to the dilemma of treating children with substances potential for abuse,
where information about long-term safety aspects is very limited (Bloch et al., 2009). The
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concerns about safety issues from use of psychostimulants in the paediatric population are
also due to the many anecdotal reports of serious psychiatric ADRs and sudden deaths that
have been submitted to the regulatory agencies over recent years (Pringsheim & Steeves,
2011). Systematic analyses of ADRs reported to national databases are necessary, as these
databases constitute an important, though underestimated, source of data, especially about
new, serious and rarely occurring ADRs (Hansen, 1992; Aagaard & Hansen, 2009a). We did
not locate any studies which systematically have analysed spontaneous reports for
psychostimulants submitted to national databases compared to data on medicine use in the
paediatric population.

The objective of this chapter was to 1) describe trends in prescribing of psychostimulants in
the Danish paediatric population and 2) characterise spontaneous ADR reports submitted to
the Danish Medicines Agency (DKMA) over a decade with respect to occurrence,
seriousness, type and age and gender of the child, reported for psychostimulants.

2. Methods
2.1 Design

We conducted a retrospective analysis of all spontaneous ADR reports for 0-17-year old
children from 2000 to 2009. Data were obtained from the Danish ADR database and placed
at the disposal of this study in anonymous form with encrypted person identification. The
unit of analysis was one ADR. Data on medicine use from each of the stimulants were
extracted on individual level from the national Danish medicines registry as defined daily
doses (DDD) per 1000 inhabitants per day and users (number of treated persons per 1000
inhabitants).

2.2 Setting
2.2.1 Danish registry of medicine use

In only a few countries information about medicine use at the individual level is available,
Denmark being one of these countries. The Registry of Medicinal Product Statistics is a
national database covering all outpatient pharmacy-dispensed prescriptions in Denmark.

The registry was established in 1994 to provide complete statistics on the use of medicines in
Denmark. Data on prescriptions are registered for each patient via the civil registration
number. Each prescription record contains the date of purchase, the dispensing pharmacy,
the prescribing physician and detailed information on the drug dispensed, including
product name, anatomical therapeutic classification (ATC) system name, dosage, package
size and formulation. Medicine use is recorded in different ways. In this study we apply the
defined daily doses (DDD) per 1000 inhabitants and number of users per 1000 inhabitants
for our analysis. The DDD is defined at the assumed average maintenance dose per day for
a drug used for its main indication in adults (WHO, 2011).

2.2.2 Definition of psychostimulants

A psychostimulants is an agent that causes an increase in functional activity, usually of the
central nervous system (Howard et al,, 2010). Examples of these kinds of effects may
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include enhanced alertness, wakefulness, and locomotion, among others. Due to their effects
typically having an "up" quality to them, stimulants are also occasionally referred to as
"uppers". Stimulants (analeptics) produce a variety of different kinds of effects by enhancing
the activity of the central and peripheral nervous systems (Howard et al, 2010).

In this study we focus on the type of stimulants most frequently prescribed in Denmark, i.e.
methylphenidate, atoxometine, modafinil and amphetamine derivates in the paediatric
population. According to the official summary of product information methylphenidate and
atomoxetine are licensed for treatment of ADHD in children and adolescents from 6 and 8
years of age respectively. Modafinil and amphetamine derivates are not licensed for use in
children (Danish Medicines Agency, 2011).

2.2.3 ADR reporting system

The reporting of ADRs has been obligatory in Denmark since 1 May 1968. Initially, only
physicians were covered by the obligation; however, in 1972, dentists and veterinary
surgeons were also required to report ADRs (Aagaard et al., 2008b). Since 1995, drug
manufacturers have been obliged to keep registers of suspected and demonstrated ADRs
and to make these available to the regulatory authorities. Since July 2003, consumers and
other health care professionals have been able to report ADRs directly to the authorities
(Aagaard et al., 2008b). An ADR report is defined by the following four criteria, which must
be included in all reports: (i) information about the patient; (ii) the suspected medicine(s);
(iii) the presumed ADR(s); and (iv) information about the person making the report. An
ADR report may contain one or more ADR terms (Aagaard et al., 2008Db).

After receiving the ADR reports, professional staff at the DKMA code and categorize the
ADRs by degree of seriousness and type of reaction according to the Medical Dictionary for
Regulatory Activities (MedDRA) terminology (Aagaard et al., 2008b).

ADR reports are forwarded electronically to the respective pharmaceutical companies,
which periodically assess the ADR reports received. The results of their assessments are
reported to the DKMA via periodic safety update reports (PSURs). The Danish ADR
database contains all spontaneous ADR reports in Denmark, including those reported
directly to the pharmaceutical companies (Aagaard et al., 2008b).

2.2.4 Adverse drug reaction (ADR)

An ADR is defined as “any noxious and unintended response to medicines that occurs at
doses normally used in humans for the prophylaxis, diagnosis or therapy of diseases”
(Volume 9, 2009).

2.2.5 Criteria for seriousness

Severity of reported ADRs was classified according to the criteria defined in volume 9 of the
rules governing medicinal products in the European Union guideline (Volume 9, 2009).

Here serious ADRs are divided into: resulting in death, life-threatening, requiring
hospitalization or prolongation of existing hospitalization, resulting in persistent or
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significant disability /incapacity in the reporter’s opinion, a congenital anomaly/birth defect
and other medically important conditions (Volume 9, 2009).

Other reactions were classified as being non-serious.

2.2.6 Anatomical therapeutic chemical (ATC) classification groups

The ATC system classifies medicinal products according to the primary constituent, organ
or system on which they act and their chemical, pharmacological and therapeutic properties.
Medicines are divided into 14 main groups (first level), with one therapeutic subgroup
(second level). The third and fourth levels are chemical/pharmacological/therapeutic
subgroups and the fifth level is the chemical substance (WHO ATC index, 2011).

The extract from the ADR database only provides information according to the trade name of
those medicinal products that have been reported as causing ADRs. Therefore it was necessary
to translate manually trade names into generic names at ATC level 5 in the national medicines
register, and then run the generic form of the medicine name against the ADRs reported.

2.3 Data extraction

Prescription data were extracted from the Danish registry of dispensed medicine. We
extracted information about DDDs per 1000 inhabitants per day and number of persons per
1000 inhabitants prescribed for psychostimulants among children from 0 to 17-years of age.
Information about gender was also extracted from the registry. ADR reports submitted to
the DKMA were placed at the disposal of this study in anonymous form with encrypted
identification of the medicine user. Data were extracted from the ADR database on
Microsoft Excel files and the material comprised all ADR reports on children from birth to
17 years of age reported to the Danish Medicines Agency from 2000 to 2009 for the
psychostimulants. The unit of analysis was one ADR.

The Danish ADR database defines five categories of persons who may submit data to the
database. This article applies this official designation for category of person submitting reports:

e Lawyer: patient injury insurers and/or law firms

e  Pharmacist: community or hospital pharmacists

e  Physician: general practitioners, physicians and dentists

e  Other health care professional: nurses, pharmaceutical companies, social and health
care assistants

e Consumers: patients, patients’ relatives, other members of the public

Because consumers have had the opportunity to report ADRs in Denmark since 2003, results
from this category only cover data from the last 6.5 years of the study period.

3. Results
3.1 Prescribed psychostimulants, 2000-2009

Figure 1 displays the annual number of DDD/1000 inhabitant/day and no. of persons/1000
inhabitants/day for all types of psychostimulants prescribed for children from 0 to 17-years
of age.
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From 2000 to 2009 the number of prescribed DDDs/1000 inhabitants/day increased with 1629
% (from 10.87 to 187.97 DDD/1000/ inhabitants/day) and the number of treated persons/1000
inhabitants/day increased with 775 % (from 21 to 183.67 DDD/1000/inhabitants/day).

From 2000 to 2004 the level of prescribing was rather constant, however from 2005 and
onwards large increases in the prescribing of psychostimulants were observed.
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Fig. 1. Annual number of DDDs /1000 inhabitants/day and number of persons/1000
inhabitants/ day for psychostimulants for children from 0 to 17-years of age, (2000-2009)

Table 1 displays DDDs per 1000 inhabitant/year per category of psychostimulant medications
from 2000 to 2009. Methylphenidate was the dominant prescribed psychostimulant followed
by atomoxetine. Only few children and adolescents were prescribed products containing
amphetamine derivates and modafinil.

From 2000 to 2009 the number of prescribed DDDs/1000 inhabitants/day increased with
1557% for methylphenidate (from 10.69 to 177.16 DDD/1000/inhabitants/day), and for
atomoxetine an increase in DDDs of 1274% was observed (from 0.74 to 10.17 DDD/1000/
inhabitants/day).

Year 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Amphetamine 017 018 015 018 03 0.3 036 044 041 0.3
derivates

Atomoxetine 0 0 0 0 0 0 074 403 717 10.17

Methylphenidate 10.69 12.79 16.73 20.79 31.09 44.89 6197 7577 122.46 177.16
Modafinil 0 006 022 032 033 025 018 024 031 025

Table 1. Annual number of DDD/1000 inhabitants/day by psychostimulants for children
from 0 to 17-years of age, (2000-2009)
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Figure 2 displays the annual distribution of prescribed DDDs/1000 inhabitants/day for
methylphenidate by gender. The majority, 80% of DDDs were prescribed in boys.

From 2000 to 2009 the use of psychostimulants in boys increased with a factor 16 (from 18.92
to 294.45) and in girls with a factor 32 (from 2.39 to 76.03 DDD/1000 inhabitants/day).
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Fig. 2. Annual distribution of DDDs/1000 inhabitants/day for methylphenidate by gender,
2000 - 2009.
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Fig. 3. Annual number of adverse drug reactions (ADRs) reported for psychostimulants in
children, 2000 -2009
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3.2 Reported adverse drug reactions for psychostimulants, 2000-2009

From 2000 to 2009 a total of 130 ADR reports including 329 ADRs were reported for
psychostimulants for individuals from birth to 17 years of age. One half of ADRs were
serious (N = 165), and no fatal cases were reported.

Figure 3 displays the annual number of reported ADRs by type of psychostimulant. The
majority of the ADRs were reported for methylphenidate (N = 251) and atomoxetine (N = 69).
Only few ADRs were reported for amphetamine derivates (N = 2) and modafinil (N = 7).

3.2.1 Adverse drug reactions by type of reporter

The distribution of ADRs reported for psychostimulants by seriousness and type of reporter
is displayed in table 2.

Seventy-six percent of ADRs were reported by physicians, 13% of ADRs by consumers and
10% of ADRs were reported by other health care professionals.

Type of reporter Physician OHCP* Consumer Total

Amphetamine derivates 2(1) 0 0 2(1)
Atomoxetine 68(31) 0 1(0) 69(31)
Methylphenidate 190(71) 31(25) 30(30) 251(126)
Modafinil 7(7) 0 0 7(7)
Total 267(110) 31(25) 31(30) 329(165)

*: OHCP: other health care professionals

Table 2. Total number of adverse drug reactions (ADRs) distributed by type of reporter,
medication and criteria of seriousness (in parentheses), 2000-2009

3.2.2 Adverse drug reactions by age and gender

Table 3 shows the distribution of ADRs reported for psychostimulants by age, gender and
seriousness in the paediatric population, 2000-2009.

Totally, 80 % of ADRs were reported for boys and 20 % of ADRs for girls.

The largest number of ADRs (N = 75) were reported in 9 to 10-year-olds, followed by 16 to
17-year olds ( N = 33) and 15 to 16-year olds (N = 32). Less than one percent of ADRs was
reported in children up to 4 years of age.

The largest number of ADRs was reported in 9 to 10-year old boys (N = 68). In 16-17 -year
olds girls, a larger number of ADRs (N = 20) were reported than in boys. In the age group a
number of ADR reports were submitted without information about gender.

Approximately 50% of ADRs reported for both boys and girls were serious, however large
variations were observed within age groups.

Table 4 shows the distribution of reported ADRs by gender and type of psychostimulant.
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Age groups (Y) Boys Girls NA*  Total

<1 0 0 0 0
1<2 0 0 0 0
2<3 0 0 0 0
3<4 0 0 0 0
4<5 1(0) 0 0 1(0)
5<6 6(2) 0 0 6(2)
6<7 18(13) 0 0 18(13)
7<8 10(5) 4(0) 3(0) 17(5)
8<9 21(7) 4(3) 0 25(10)
9<10 68(42) 7(0) 0 75(42)
10<11 14(1) 0 0 14(1)
11<12 20(6) 1(0) 0 21(6)
12<13 19(9) 1(0) 0 20(9)
13<14 23(16) 3(0) 0 26(16)
14<15 16(5) 5(3) 0 21(8)
15<16 24(10) 8(6) 0 32(16)
16<17 13(8)  20(15) 0 33(23)
17<18 18(10) 2(0) 0 20(10)
Total 271(134)  55(31) 3(0) 329(165)

*: ADR reports without information about gender.

Table 3. Total number of reported ADRs by age group and gender, serious ADRs in

parentheses, 2000 - 2009

Medicines Boys Girls NA Total
Amphetamine derivates 1(1) 1 0 2(1)
Atomoxetine 48(22) 21(9) 0 69(31)
Methylphenidate 221(110) 34(23) 3(0) 258(133)
Modafinil 7(7) 0 0 0
Total 271(134) 55(31) 3(0) 329(165)

Table 4. Distribution of total number of reported ADRs (N) by gender and medication
(numbers of serious ADRs in parentheses), 2000 - 2009

Approximately 85% of ADRs were reported in boys, the majority for methylphenidate and
atomoxetine. All ADRs reported for modafinil occurred in boys and they were all serious.
For amphemine derivates one out of 2 reported ADRs occurred in boys.

Approximately 45% of ADRs occurring in boys reported for atomoxetine and

methylphenidate were serious.
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3.2.3 Adverse drug reactions by type and seriousness

Table 5 displays the characteristics of ADRs reported for psychostimulants by type, system
organ class, seriousness and medication.

The largest share of reported ADRs was of the type “psychiatric disorders” (21 % of total
ADRs) followed by the SOCs “general disorders” (19% of total ADRs) and “nervous system
disorders” (16% of total ADRSs).

For ADRs of the type nervous- and psychiatric disorders the share of serious ADRs ranged
from approximately 50 to 70 % of total ADRs. For the medications atomoxetine and
methylphenidate approximately 45% of all reported ADRs were serious, and for modafinil
all reported ADRs were serious.

System Organ Class (SOC) Amphetamine Methylphenidate Atomoxetine Modafinil Total
(alphabetical order) derivates

gi;)(())ii Z?Sd lymphatic system 0 20) 0 0 2(1)
Cardiac disorders 0 11(4) 6(3) 0 17(7)
dCic:;%sz;gal, familial and genetic 0 0 1(1) 0 101)
Ear and labyrinth disorders 0 1 0 1(0)
Endocrine disorders 0 0 2(2) 2(2)
Eye disorders 0 6 0 0 6(0)
Gastrointestinal disorders 1 22(12) 10(2) 1(1)  34(15)
General disorders 0 55(15) 512) 0 60(17)
Infections and infestations 0 0 1(1) 0 1(1)
Investigations 0 13(10) 7(3) 0 20(13)
Metabolism and nutrition disorders 0 7(1) 3 0 10(1)
Musculoskeletal disorders 0 6(3) 1 0 7(3)
Nervous system disorders 0 48(33) 4(3) 3(3) 55(39)
Psychiatric disorders 1(1) 48(32) 21(12) 3(3) 73(48)
Renal and urinary disorders 0 3(1) 1 0 4(1)
gies};i?ici;lgtive system and breast 0 1 0 0 100)
Respiratory disorders 0 4(2) 1 0 5(2)
ilfslgrzr:rissubcutaneous tissue 0 19(5) 301) 0 20)
Surgical and medical procedures 0 0 1 0 1(0)
Vascular disorders 0 5(2) 2(1) 0 7(3)
Total 2(1) 251(126) 69(31) 7(7) 329(165)

Table 5. Total number of reported ADRs (N) for children distributed by System Organ Class
(SOC), medication (serious ADRs in parentheses), 2000-2009
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Table 6 shows characteristics of ADRs reported for the SOC “psychiatric disorders” by type
of medication and seriousness.

Adverse drug reaction (ADR) Amphetamine Methylphenidate Atomoxetine Modafinil Total
(alphabetical order) derivates

Affect lability 0 3(3) 0 0 33
Agitation 0 2(1) 0 0 21
Aggression 0 1 2 11) 41
Anger 0 0 2(1) 0 20
Animal phobia 0 1(1) 0 0 1)
Anxiety 0 6(2) 2(2) 0 84
Asocial behaviour 0 1 0 0 1
Communication disorder 0 1(1) 0 0 1(1)
Confusional state 0 2(1) 0 0 2
Depression 0 4(3) 4(1) 0 84
Drug abuse 0 2(2) 0 0 22
Emotional disorder 0 1 0 0 1
Euphoric mood 0 2(2) 0 0 22
Food aversion 0 0 1(1) 0 1(1)
Hallucination 0 2(2) 0 11) 30
Impulse-control disorder 0 0 1 0 1
Insomnia 0 3(2) 0 0 32
Intentional self-injury 0 0 1(1) 0 1)
Mood swings 0 0 1(1) 0 1)
Nightmare 0 0 1 11)  2(1)
Obsessive thoughts 0 0 1(1) 0 1)
Psychotic disorder 1(1) 0 1(1) 0 22
Personality change 0 1(1) 0 0 1)
Restlessness 0 1(1) 0 0 1)
Sleep disorder 0 7(5) 1(1) 0 8
Social avoidant behaviour 0 3(3) 0 0 30
Suicidal ideation 0 1(1) 3(2) 0 40
Tic 0 2 0 0 2
Total 1(1) 46(33) 21(12) 3(3) 73(48)

Table 6. Total number of reported ADRs of the type “psychiatric disorders” by medication,
and seriousness (in parentheses), 2000-2009.

Two-third of ADRs was reported for amphetamine derivates and methylphenidate, and the
most frequently reported ADRs were anxiety, depression, and sleep disorders.

Table 7 displays the characteristics of ADRs reported for the SOC “nervous system
disorders” by type of medication and seriousness.

Within this SOC approximately 90% of ADRs were reported for methylphenidate, the
majority of reactions being dizziness, headache and dyskinesia.
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Adverse drug reaction (ADR) Amphetamine Methylphenidate Atomoxetine Modafinil Total

derivates
Akathisia 0 1(1) 0 0 1()
Atypical benign partial epilepsy 0 0 1(1) 0 1)
Burning sensation 0 2 0 0 2
Cataplexy 0 0 0 11)  1(1)
Crying 0 2(1) 0 0 1(1)
Demyelination 0 2(2) 0 0 22
Disturbance in attention 0 1(1) 0 0 1()
Dizziness 0 8(5) 1(1) 1(1) 10(7)
Dyskinesia 0 2(2) 0 0 22
Dystonia 0 1(1) 0 0 1)
Epilepsy 0 2(1) 0 0 2(1)
Headache 0 12(9) 2(1) 0 14(10)
Hemiparesis 0 2(2) 0 0 22
Hypoaesthesia 0 3(2) 0 0 32
Hypotonia 0 0 0 1(1)  1(1)
Loss of consciousness 0 2(1) 0 0 2(1)
Nystagmus 0 1 0 0 1
Psychomotor hyperactivity 0 2(1) 0 0 21
Restless legs syndrome 0 1 0 0 1
Somnolence 0 1(1) 0 0 1(1)
Speech disorder 0 2(2) 0 0 22
Syncope 0 1(1) 0 0 1)
Total 0 48(33) 4(3) 3(3) 55(39)

Table 7. Total reported ADRs of the type “nervous system disorders” by medication, and
seriousness (in parentheses), 2000-2009.

Table 8 shows the characteristics of ADRs reported for the SOC “general disorders and
administration site conditions” by type of medication and seriousness.

Within this SOC almost all ADRs were reported for amphetamine derivates, and no ADRs
were reported for atomoxetine and modafinil. Many ADRs relating to the efficacy of the
medications were reported.

A large number of ADRs within the SOC “gastrointestinal disorders” were also reported
(see table 5). These reactions were predominantly reported for methylphenidate, and were
of the type’s abdominal pain, diarrhoea and dry mouth (data not shown).

4, Discussion

This is the first study from a national ADR database that has examined the characteristics
and occurrence of ADRs from use of psychostimulants in the paediatric population. The
study showed that over a decade the prescribing of psychostimulants in the Danish
paediatric population has increased dramatically, and that methylphenidate was the
predominant psychostimulant. Two third of ADRs were reported by physicians, and
approximately 80 % of all ADRs were reported for boys from above 5 years of age. The
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Adverse drug reaction (ADR)  Amphetamine Methylphenidate Atomoxetine Modafinil Total

derivates

Asthenia 0 2(2) 0 0 22
Chest pain 0 5(2) 0 0  5Q2)
Chills 0 1 0 0 1
Drug effect decreased 0 17(1) 0 0 19(1)
Drug effect increased 0 1 0 0 1
Drug ineffective 0 14(2) 0 0 14(2)
Drug interaction 0 1(1) 1(1) 0 22
Face oedema 0 1 0 0 1
Feeling hot 0 1 0 0 1
Fatigue 0 7(6) 3(1) 0 10(7)
Irritability 0 0 1 0 1
Pain 0 1(1) 0 0 1(1)
Pyrexia 0 1 0 0 1
Therapeutic response unexpected

with Cﬁ‘ug substl'ftution i 0 3 0 0 30)
Total 0 55(15) 5(2) 0 60(17)

Table 8. Total number of reported adverse drug reactions of the type “general disorders and
administration site conditions” by medication, and seriousness (in parentheses), 2000-2009.

largest shares of reported ADRs was of the type “general disorders and administration

v, u

conditions”; “psychiatric and nervous system disorders”.

From 2000 to 2009 large increases in number of prescribed dosages and users were observed,
and these findings were in line with results from other countries (Asheim et al. 2007;
Kalverdijk et al., 2008; Trip et al., 2009; Schubert et al, 2010; Zuvekas et al., 2006). The majority
of users were boys; but we found a large increase in use of psychostimulants among girls, and
this pattern was expected (Hodgkins et al, 2011). From 2000 to 2004 the use of
psychostimulants were at a stable level, however from 2005 the use has increased dramatically.
Explanations of this increase could be the marketing pressure, change in diagnostic criteria
and the development of new types of psychostimulants such as atomoxetine and modafinil for
treatment of ADHD. In the same period of time the pharmaceutical companies have marketed
long-term release formulations of methylphenidate for school use (van den Ban et al, 2010).
Use of psychostimulants in Danish children has increased more over the last decade than in
other countries; however this may be explained by the fact that use of psychostimulants in
Denmark was lower at the beginning of the period than in other countries.

This is a descriptive study, and therefore we cannot conclude whether ADRs are reported
more commonly for methylphenidate than the other products, neither whether girls
experience more ADRs than boys. The number of ADR reports does not reflect the use of
psychostimulants, and the question is where in the lifecycle of medicinal products ADRs are
reported. However, since the issue is long-term treatment of children and adolescents ADR
signals are extremely important. A high number of reports on decreased drug effect and/or
ineffective drugs from use of methylphenidate were reported. Whether this signal is due to
problems with the quality of generic products or that real life is different from the testing
conditions (Hansen, 1992).

The majority of reports were submitted by physicians, however, we would also have expected
a larger number of reports from parents, as they should be concerned about administration
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medications to their children, especially medications for long-term use, where information
about long-term effects are limited. The explanation of the large number of reports from
physicians could be that the parents have become aware of the ADRs, and asked their
physician to report them. To increase knowledge about ADRs from long term use of
psychostimulants the number of reports submitted to the Danish Medicines Agency and
probably other medicines agencies should be increased and the regulatory authorities must
focus on increasing ADR reporting rates from both health care professionals and consumers.

An empirical study showed that the licensing material for methylphenidate provided
minimal evidence on efficacy and safety in children (Aagaard et al. 2009b), and no
information about long-term safety aspects was reported. Spontaneous reports are an
important source of information about new and previously unrecognized ADRs, and the
value of spontaneous reporting schemes lies in their ability to act as hypothesis-generating
signals. Due to the low number of ADRs reported for psychostimulants in Denmark it is
necessary to conduct further studies to explore data about rare and serious ADRs in larger
databases, such as the EU database EudraVigilance and the international WHO-ADR
database Vigibase (Aagaard et al, 2010). These databases contain large amounts of data
submitted from European and global populations, and are therefore suitable for studying
specific ADRs or new signals.

The strength of our study is that data comprised psychostimulant prescriptions and all
ADRs reported in one country over a decade. The purpose was to analyse information
reported to the Danish ADR database on ADRs in the paediatric population from use of
psychostimulants in the treatment of ADHD, and not to calculate the incidence of ADRs in
this population as this is not feasible in material based on spontaneous reporting.

A major limitation to this study is that we do not know to which extent the causality of these
ADRs can be confirmed, and this has implications for the interpretation of the results.
Spontaneous reporting systems suffer from different barriers, such as incomplete
recognition of ADRs, administrative barriers to reporting, and low data quality, all of which
may result in the underreporting of important serious and rare events. Nonetheless, the
study provides information on reported ADRs, and this information contributes to
broadening the knowledge base on psychostimulants safety.

5. Conclusion

In Denmark, a large increase in the use of psychostimulants in the paediatric population has
been observed. The large number of serious reported ADRs indicate that psychostimulants
should be prescribed with caution of that greater care is needed in relation to prescribing these
medications for children. The Danish Medicines Agency should monitor prescribing patterns
more tightly to identify potential risks in the paediatric population in relation to the evolving
utilisation of use of psychostimulants among children and adolescents and related risks.
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1. Introduction

Characteristic symptoms of Attention-Deficit/Hyperactivity Disorder (ADHD) have been
recognized in the medical literature for over 200 years. The earliest known clinical
description is found in the book by the Scottish physician Sir Alexander Crichton, entitled
An Inquiry into the Nature and Origins of Mental Derangement (Crichton, 1798, as cited in
Baumeister et al., 2011). In the chapter, “ Attention, and its Diseases” (p. 254), Crichton notes
that these conditions make people “incapable of attending with constancy to any one object
of education” (p. 271), cause “mental restlessness”, “walking up and down”, and the
“fidgets” (p. 272). Although Crichton was clearly describing disorders of attention, George
Still, a British pediatrician, is usually credited with being the first person to describe the
syndrome that has since been recognized as ADHD. Dr. Still gave a series of lectures on
Some Abnormal Psychical Conditions in Children in 1902, in which he noted that even some
children with normal intelligence may exhibit a “lack of attention which is very
noticeable...[and which] no doubt accounts to a considerable extent for backwardness in
school acquirements” (Still, 1902b, p. 1081 as cited in Baumeister et al., 2011).

Since those original descriptions, the diagnostic characterization of ADHD has been revised
numerous times. The three core symptoms are presently considered to be Inattention,
Impulsivity and Hyperactivity (Baumeister et al., 2011; Biederman & Faraone, 2005;
Davidson, 2008). Current prevalence estimates in the United States are 6-9% for children and
adolescents and 3-5% in adults (Dopheide & Plizka, 2009). In the most recent National
Comorbidity Survey, in which nearly 3200 adults, 19 to 44 years of age, were screened, the
prevalence was 4.4% (Kessler et al., 2006).

Unlike the childhood presentation, symptoms of hyperactivity and impulsivity are less
prominent in ADHD-diagnosed adults than problems resulting from inattention,
distractibility and disorganization (Dopheide & Plizka, 2009). The psychosocial difficulties
caused by these symptoms have been well-documented, including marital and relationship
problems, poor job performance and employment histories, and lower socioeconomic status
(Biederman et al., 2011a; Fischer et al., 1990; Hechtman et al., 1984; Hechtman & Greenfield,
2003; Ingram et al., 1999, Mannuzza et al.,, 1993; Spencer et al., 2007). Many adults with
ADHD report frequent employment changes, difficulty in organizing finances, and
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household and parental management responsibilities, dangerous driving, and unstable
social relationships or social isolation (Weiss & Murray, 2003). Adults with ADHD are less
likely to attain the same educational (and occupational) level as those without the diagnosis
relative to what would be predicted based on their IQ, even with pharmacotherapy
(Biederman et al., 2006; Biederman et al., 2008a; Mannuzza et al., 1993). Moreover, cognitive
deficits of adults with ADHD, relative to adults without the diagnosis, do not change across
the lifespan (Biederman et al, 2010). For example, although 84% of ADHD-diagnosed adults
were statistically expected to be college graduates, only 50% reached this level of education
(Biederman et al., 2008a).

In adults, as with youth, first-line treatment options include the stimulant drugs, usually
one of the many formulations of either methylphenidate (MPH) or amphetamine (AMPH)
(Adler et al., 2007; Berman et al., 2009; Dopheide & Plizka, 2009; Dodson, 2005; Faraone et
al., 2004; Paterson et al., 1999; Wender et al., 2011). These agents are the most efficacious
drug treatments for ADHD, with large effect sizes, as measured by standardized rating
scales in clinical trials. Methylphenidate and amphetamine formulations are considered
similar in efficacy, with between 55 - 75 % of drug-treated patients (compared with 4 - 30%
of placebo - treated patients) showing “clinically significant” improvement for up to 4 to 6
weeks (Berman et al., 2009; Dopheide & Plizka, 2009). Available information indicates that
on standard efficacy measures, amphetamine is at least equivalent may be superior to
methylphenidate, and, that individuals with ADHD who don’t respond to methylphenidate
will show significant improvement on amphetamine (Berman et al., 2009). When both drugs
are tried, response rates may be as high as 85% (Dopheide & Plizka, 2009).

Given their substantial and reliable clinical benefit for treatment of attention disorders, it is
not surprising that prescriptions for stimulants have increased dramatically in the last few
years. Between 1998 and 2005, there was a 133% increase in amphetamine product
prescriptions and a 52% increase in methylphenidate products, for teenagers and
preteenagers in the US (Setlik et al., 2009). According to US government data, from 1998 to
2007, total amphetamine prescriptions increased by about 11.7 million, or 463% (Stix, 2009).

The increase in stimulant prescriptions has resulted in a corresponding escalation of illicit
use, particularly in college students, confirmed by numerous survey results (Advokat et al.,
2008; Arria & DuPont, 2010; Hall et al., 2005; McCabe et al., 2005; Rabiner et al., 2008; 2009a,
2009b; Rabiner et al., 2010; Teter et al., 2003; Teter et al., 2005; Teter et al., 2006; Weyandt et
al., 2009; White et al., 2006; Wilens et al., 2008). Wilens and colleagues (2008) report lifetime
rates of diversion ranging from 16 to 29%, with medical prescriptions being given, sold or
traded by students. Studies consistently show that most students report using stimulant
medications, legally or illicitly, to improve academic performance, specifically to increase
concentration, organization, and the ability to stay up longer and study. Because the
rationale for illicit stimulant use in undergraduates is usually stated to be improvement of
academic performance, rather than recreational, it is not always considered to be as
problematic as other types of drug abuse. Unfortunately, this is not necessarily the case, and
the medical and legal consequences of illicit stimulant use may be underappreciated (Arria
& DuPont, 2010; Arria et al., 2008; Arria et al., 2011).

The current escalation in stimulant diversion and misuse has initiated debate about the
moral implications of using drugs to improve academic performance. Ethical discussions
about taking drugs for ‘cognitive enhancement,” have been the subject of several editorials
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and commentaries (Farah et al., 2004; Greely et al., 2008; Harris, 2009; Monastersky, 2008),
which confirmed the widespread use of these agents, especially among college students,
professionals and academics. Often the term is used very broadly to include drugs “...that
improve memory, concentration, planning and reduce impulsive behavior and risky
decision-making...” (Sahakian & Morein-Zamir, 2007, p. 1157). Thoughtful proposals for the
‘responsible use of cognitive-enhancing drugs’ are espoused, calling for the scientific study
of the expected risks and the benefits to be gained as well as the moral consequences of
allowing broad access to pharmacological enhancement of mental capacities.

These developments led the Ethics, Law and Humanities Committee of the American
Academy of Neurology (AAN) to release a special report, "Responding to requests from
adult patients for neuroenhancements," (Larriviere et al., 2009). According to lead author,
Dan Larriviere, "A growing number of patients without illness believe they can improve
their memory, cognitive focus and attention span by taking neuroenhancement drugs and
are asking for prescriptions." For the most part, these “‘neuroenhancers” consist of stimulant
drugs. “The drugs most commonly used for cognitive enhancement at present are
stimulants, namely Ritalin (methylphenidate) and Adderall (mixed amphetamine salts), and
are prescribed mainly for the treatment of attention deficit hyperactivity disorder (ADHD).”
One of the strongest endorsements was expressed at the 60th Annual Conference of the
Canadian Psychiatric Association in 2010 by Dr. Derryck Smith who presented a workshop
on the subject and stated that psychiatrists should not hesitate to prescribe stimulants for
neuroenhancement, if they wish. “We know they work....I think the effects of these
medications are the same whether you have a medical diagnosis or not - they make
everybody better” (Johnson, 2010).

These developments illustrate the fact that, because stimulants have been used effectively
for decades to reduce hyperactivity, impulsivity and inattention in children, and now
adults, with ADHD, it has understandably been assumed that the drugs enhance long-term
intellectual performance. Although that would seem to be a reasonable conclusion, it turns
out that the scientific evidence for this conclusion is less than compelling. Recent reviews
(Advokat, 2010; de Jongh et al., 2008; Repantis et al., 2010; Smith & Farah, 2011) provide
very little experimental support for stimulant-induced cognitive enhancement. deJongh
(2008) cites a few research studies that found some improvement in acute memory task
performance with amphetamine in individuals with a low memory baseline, “...while high-
[memory]span subjects are either not affected or get worse” (p. 763). Similar results were
summarized for methylphenidate, “With regard to MPH [methylphenidate], we were not
able to provide sufficient evidence of positive effects in healthy individuals from objective
tests” (Repantis et al., 2010, p. 204). A more detailed analysis of the scientific research on
stimulant-induced cognitive effects in adults with and without ADHD (Advokat, 2010) also
found little support for ‘cognitive neuroenhancement” with these drugs. And recent articles
in the New Yorker (Talbot, 2009) and Scientific American (Stix, 2009), describing the current
resurgence of these agents confirm the modest intellectual benefit derived from their use in
the ‘real world.”

Accordingly, this selective review will discuss the evidence regarding cognitive effects of
the two major stimulant medications, amphetamine (AMPH) and methylphenidate (MPH).
We will emphasize information related to academic outcomes, incorporating some results of
our own research on the neuropsychological and cognitive effects of stimulant medications
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in college undergraduates, which show that these drugs do not reduce the academic
disparity between ADHD-diagnosed and nonADHD-diagnosed students. We will discuss
explanations proposed to account for the lack of cognitive improvement with stimulant
drugs. Our goal is to shed some light on the apparent paradox of stimulant medications,
namely: Why do drugs that acutely increase attention and concentration produce so little
long-term intellectual benefit?

2. Academic achievement of children and adolescents with ADHD

The beneficial effect of stimulant drugs for classroom manageability of behavior-disordered
children was first reported by Bradley (1937). During short, weekly, treatment periods he
described increased productivity, comprehension and accuracy of the children, particularly
in output of arithmetic problems. Since then, a vast literature has confirmed similar short-
term benefits. These medications have been shown to acutely increase the quality of note-
taking, scores on quizzes and worksheets, writing output and homework completion. The
drugs”... reduce overactivity, restlessness and distractibility, enhance attention span or
concentration and reduce impulsivity in responding to various tasks. Since a child who is
attentive and better able to concentrate would presumably learn more from his classroom
experiences, it should follow that these stimulant drugs would facilitate the scholastic
performance of hyperkinetic children” (Barkley & Cunningham, 1978; p. 85). Nevertheless, it
has been recognized for over 30 years that there is little evidence that these drugs improve
the long-term academic achievement of ADHD diagnosed children.

Barkley and Cunningham (1978) reported in the first review of the topic, that in long term
studies lasting at least one year (and as long as 5 to 10 years) the drugs had little impact on
academic outcome. A substantial proportion of ADHD-diagnosed children were in special
schools or classes, had failed one or more grades, had reading or arithmetic difficulty and
were having problems sitting still and studying. The authors concluded that, in spite of
various procedural differences among the published studies, the outcomes were the same -
stimulant drugs had little impact on the “...long-term academic outcome or adjustment of
hyperkinetic children. If the drugs contribute positively, they appear to reduce disruptive behavior
rather than improve academic performance” (p. 89-90, italics added). The same conclusion was
reached in a subsequent review by Gadow (1983) and almost 8 years later, another group
(Swanson et al., 1991) acknowledged that “Even though it has been established that
stimulants do improve productivity, it is still unclear whether stimulants alone improve long-
term academic achievement, and, that... whether this widespread clinical practice has a long
term beneficial effect on learning or academic achievement is still an open question” (p. 220).
Carlson and Bunner (1993), incorporating the studies previously discussed by Gadow and
Swanson concurred that stimulants facilitated acute academic performance of children with
ADHD, but that long term treatment did not improve outcomes measured by the Wide
Range Achievement Test (WRAT), the Peabody Individual Achievement Test (PIAT), the
Stanford Achievement Test (SAT), and failed grades.

There is now substantial evidence for persistent academic underachievement and poor
educational outcome in children and adolescents diagnosed with ADHD (Loe & Feldman,
2007). Children with ADHD have a consistently lower full-scale IQ than normal controls.
They score significantly lower on reading and arithmetic achievement tests, use more
remedial academic services, are more likely to be placed in special education classes, more
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likely to be expelled, suspended or repeat a grade, compared with controls. By the time they
reach adolescence, individuals with ADHD fail more grades have lower report card scores,
lower class rankings, and worse scores on standardized achievement tests than “matched
normal controls.” They take more years to complete high school, and have lower rates of
college attendance and graduation. Subsequent investigations of long-term outcomes of
children with ADHD have only confirmed these conclusions and verified the modest
academic impact of stimulant medications (Advokat, 2009; Barbaresi et al., 2007a; 2007b;
Galéra et al., 2009; Scheffler et al., 2009; Van der Oord et al., 2008).

Many investigators have considered possible reasons for this negative result, including the
possibility that the stimulants might not affect the underlying cause of the academic
dysfunction (Barkley & Cunningham, 1978). Gadow (1983) raised several issues in regard to
the clinical use of the drugs. He discussed the possibility that doses required for behavioral
control might be greater than needed to improve (and might actually worsen) cognition. He
suggested that short-acting agents might wear off during a typical school day, such that
information presented in the morning would be experienced while the child was under the
influence of medication, while material presented in the afternoon might not be. He noted
that the duration of treatment might not have been long enough to provide benefit for
performance on achievement tests, because such tests assess concepts taught over several
grade levels. He pointed out that previous studies did not take into account the contribution
of co-morbid diagnoses, especially learning disabilities, the inclusion of different ADHD
subtypes, or of non-responders. (However, as noted above, most patients do respond to
stimulant medications if efforts are made to determine which drug would be most effective.
A meta-analysis of the five studies in children that compared MPH to AMPH in blind
crossover conditions found that about 37% of patients had a clearly better outcome on an
amphetamine preparation, and 26% had a clearly better response to methylphenidate. The
other 37% of stimulant responders could use either molecule with equal benefit, Greenhill et
al., 1996).

3. Academic achievement of college students with ADHD

During the last 30 years, special education and disability laws have been passed enabling a
variety of qualified students with disabilities to graduate from college preparatory
programs in high schools and enter colleges and universities. Specifically, the Americans
with Disabilities Act (1990), the Individuals with Disabilities Education Act (1975) and
Section 504 of the Rehabilitation Act (1973) mandated educational accommodation for
students with disabilities, and more students with disabilities are now successfully
completing high school and attending college. Students with “hidden disabilities,” which
includes ADHD, have represented the greatest increase. Because these students don’t have
to report to disability offices it is difficult to determine the prevalence of ADHD, but the best
estimate is that 25% of students getting disability services do so because of ADHD and that
2% to 8% of the undergraduate population “self-report” ADHD symptoms (Weyandt &
DuPaul, 2006; Wolf, 2001).

Because most ADHD-diagnosed adults do not obtain a college degree, it is possible that
those who do successfully progress through a college curriculum might differ from those
who do not attend, or do not complete college. In other words, adults with ADHD who
meet admission criteria for postsecondary education might be less cognitively impaired
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than those who don’t. As noted by Frazier et al., (2007), not all ADHD-diagnosed
individuals have academic deficits. Moreover, college students with ADHD might have
more intellectual ability, better academic preparation and be able to compensate better
than their non-collegiate cohort (Frazier et al., 2007). Such students might have developed
a way to use stimulant medications more effectively, or to apply successful learning
strategies, or both. If these individuals were able to benefit academically from stimulants
it would be important to know how they did it. On the other hand, if the drugs are no
more effective for this population than they were for elementary and high school
students, it would be important to try to understand why they don’t provide the expected
intellectual advantage.

Moreover, the undergraduate population provides an excellent opportunity to evaluate
some of the pharmacological explanations offered, in the past, for why stimulants did not
improve academic outcome in children and adolescents. As noted above, one hypothesis
was that the stimulant doses required to control the hyperactivity of ADHD-diagnosed
children might be greater than doses that are most effective for improving cognition.
However, unlike children, college students are less likely to be characterized as hyperactive,
and more commonly diagnosed with, or to self-report, the symptom of inattention (Frazier
et al., 2007; Norwalk et al., 2009; Rabiner et al., 2008; Schwanz et al., 2007) even without a
specific diagnosis of ADHD (Lewandowski et al., 2008). Therefore, undergraduates should
be able to determine the amount of stimulant medication that would presumably improve
their attention and concentration without having to control hyperactivity as well.

Previous reviews of children had also speculated that perhaps the short-acting agents didn’t
provide sufficient coverage during a standard school day, and that daily variability in blood
levels made it difficult to benefit from the intellectual advantages of the drugs. But duration
of coverage is also less of a problem in undergraduate populations since long-acting
formulations are now available, and regardless, college classes are usually not scheduled all
day long. These considerations make arguments about dosage and variability of blood levels
less persuasive, and would predict greater efficacy in the college population.

Furthermore, therapeutic use of stimulants in children usually involves administration
primarily during the school day, so that drug effects wear off in the evening, perhaps while
homework is being done, to allow for sufficient sleep. This is not necessarily how college
students, or other adults, routinely use stimulants. Surveys report that undergraduates often
use the drugs to stay up at night to study or complete other projects. That is, adults are able
to choose when they take the drugs, which might also promote more effective cognitive
outcomes.

The first review to describe the general academic functioning of college students with
ADHD appeared only a few years ago and summarized results from 23 studies (Weyandt &
DuPaul, 2006). They found that ADHD-diagnosed college students did not differ in IQ from
those without ADHD, and were able to meet the demands of college courses. Nevertheless,
they had significantly lower grade point averages (GPAs), reported more “academic
problems,” and were less likely to graduate from college. Students who self-reported high
levels of ADHD symptoms used significantly fewer coping strategies compared with those
who did not (see also Reaser et al., 2007). They were less organized and ‘methodical,” they
had less self-control and discipline, and they procrastinated more. On laboratory
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administered neuropsychological tests they showed significant deficits in attention, but
were not different from normal students on other measures, such as the ability to be flexible
and to maintain performance as task demands were varied. There was also no difference
between those with and without ADHD on computerized tasks that assessed divided
attention. However, the role of medications in these outcomes was not determined “...it is
unclear what effects medications have on academic, interpersonal and psychological
outcomes among college students” (Weyandt & DuPaul, 2006, p. 14).

Since that review, numerous studies have reached similar conclusions. Some (Advokat et al.,
2008; Advokat et al., 2011; Blase et al., 2009) have found significantly lower GPAs in ADHD-
diagnosed college students relative to non-ADHD controls. Not surprisingly, higher levels
of ADHD symptomatology are consistently associated with poor study habits, skills and
academic adjustment, and greater self-reports of attention deficits (Norwalk et al., 2009;
Schwanz et al., 2007). Recent surveys (Rabiner et al., 2008; 2009a; 2009b) show no difference
between the ADHD-diagnosed undergraduates who used stimulant medications and those
who didn’t, in regard to self-reported concerns with their academic performance, problems
of inattentiveness, hyperactivity, depression or their social life. In other words medication
had no discernible effect in the transition to college of students with ADHD (Blase et al.,
2009).

For the last several years, our laboratory has been conducting research in undergraduates
with ADHD to try to understand the cognitive effects of stimulant medications (Advokat et
al., 2007; Advokat et al., 2008; Advokat et al., 2011; Advokat & Luo, unpublished; Barrilleaux
& Advokat, 2009). Given evidence that suggests there is a positive relationship between the
Grade Point Average of undergraduates and their working memory (Gropper & Tannock,
2009) our efforts to clarify the cognitive actions of these drugs include studies of both,
neuropsychological and academic performance of adult ADHD-diagnosed undergraduates.

3.1 Neuropsychological assessment of ADHD-diagnosed college students

Because inattention is a core symptom of ADHD, Barrilleaux and Advokat (2009) tested the
effect of stimulant medications on attention with a repeated measures design, using the
computerized, “Standard” version of the Conner’s Continuous Performance Test (CPT). In
this version, letters of the alphabet are presented one at a time for 250 ms and the
respondent is instructed to press the space bar for every letter except the letter X. ADHD-
diagnosed undergraduates (n = 13), and those without ADHD (n = 17), were tested twice on
the CPT. For the ADHD-diagnosed participants one test was administered after they had
taken their medication and the other when they were not on their medication.

The results are summarized in Figure 1, which shows the average number of commission
errors, that is, responses made when they should not have been (when the letter X
appeared). This kind of mistake is often viewed as a measure of impulsivity. The left side of
the figure shows the mean number of commission errors for the Control Group, on the first
session (open bar), second session (dark bar) and the average of the two sessions (light bar).
The right side of the figure shows the mean number of commission errors for the ADHD
Group when they were Medicated (dark bar) and Non-Medicated (light bar). Non-
medicated ADHD-diagnosed adults made significantly more commission errors than
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Fig. 1. Mean number of Commission Errors of Non-ADHD (Control) and ADHD-diagnosed
undergraduates on the Continuous Performance Test (CPT).

controls; when medicated, they performed as well as controls and significantly better than
when they were unmedicated. These data illustrate the typical, classic impairment of
attention found in numerous studies of ADHD diagnosed individuals, and the
improvement produced by stimulant medications.

In subsequent studies we assessed the effect of stimulant medications on several other
neuropsychological tests. Unlike the CPT, performance on these tasks is influenced by
practice; therefore, all of our other studies used a between-subject procedure. That is, in each
experiment, three groups of undergraduate students were tested, one group without an
ADHD diagnosis (Control), one group of ADHD-diagnosed students tested without
medication (Off Meds) and one group of ADHD-diagnosed students tested while on their
medication (On Meds). Several types of tests were administered, ranging from assessments
of motor dexterity, verbal fluency, acquisition and retention of word lists, distractibility and
problem-solving.

Motor dexterity was tested with a mirror-tracing task. Each participant was asked to trace
the outline of a star shape, which was presented on a computer screen. Tracing direction
was set to mirror-reversed, such that the participant had to move the cursor in the opposite
direction to that of the pattern lines in order to trace the pattern. That is, the participants had
to learn over successive trials to trace the star shape as if it was being shown in a mirror.

The results, summarized in Figure 2 below, showed no overall difference in latency among
the three groups; all participants completed the task in the same amount of time. However,
while the control group showed a significant decrease in latency across the five trials
(p = .002) the two ADHD groups did not (Advokat & Vinci, unpublished data). That is,
unlike nonADHD students, the performance of ADHD-diagnosed students did not improve
significantly regardless of whether or not they were on stimulant medication.
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Fig. 2. Median latency of mirror-tracing across 5 successive trials, in 3 groups of college
students: nonADHD (Controls) (n = 19), ADHD-diagnosed students, tested without
medication (Off Meds; n = 22) and ADHD-diagnosed students tested when on their
medication (On Meds; n = 22).

Our result is reminiscent of a report by Tucha & Lange (2004) that medication worsened
some aspects of handwriting in ADHD-diagnosed children. In that situation, the
handwriting impairment was attributed to a drug-induced enhancement of attention. That is,
the results were interpreted to mean that, when they were on their medication, children
with ADHD paid so much attention to the writing process that it impaired the fluency of
their handwriting movements. It is tempting to speculate that a similar phenomenon
occurred in our ADHD-diagnosed undergraduates.

These observations show that although a decrease in behavioral activity is the most reliable
effect of stimulant medications in ADHD, all types of behavioral activity are not reduced or
improved by these drugs. ADHD-diagnosed children often show impairment in
rudimentory motor function, including postural stability (Jacobi-Polishook et al., 2009), gait
(Leitner et al., 2007), motor timing (Rubia et al., 2003) and other neurological reflexes (Stray
et al., 2009), which is generally alleviated by stimulants. However, improvement is not
always complete, or evident under all conditions. For example, Pelham et al., (1990)
evaluated methylphenidate in boys with ADHD while they were playing a series of softball
games. Although the drug improved the children’s attention during the games, it did not
affect their actual performance or skill.

There is a vast literature describing experimental efforts to determine the neurocognitive
deficits associated with ADHD, and how they might be affected by stimulant drugs. While
the technology and the conceptual models have become more sophisticated, progress has
been modest. Recent analyses of stimulant effects on neurocognitive impairments in ADHD
children (Doyle, 2006; Gualtieri & Johnson, 2008; Swanson et al., 2011) have essentially
confirmed early observations (Robbins & Sahakian, 1979): stimulants are most likely to
improve performance of ADHD diagnosed individuals in the domains of reaction time and
processing speed, rather than in more complex functions requiring “...inhibition, working
memory, strategy formation, planning and set-shifting” (Swanson et al., 2011, p. 211).

Several reviews have assessed neuropsychological functions in the adult population with
ADHD (Frazier et al., 2004; Hervey et al., 2004; Schoechlin & Engel, 2005; Woods et al., 2002)
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and shown modest, but inconsistent impairment. Furthermore, these deficits are also not
always eliminated by stimulant drugs. Turner et al., (2005) tested ADHD adults, before and
after methylphenidate, on attention tests and one memory task, and did not find
improvement. Miiller et al., (2007) reported that medicated ADHD adults were still
impaired, relative to controls, on several neuropsychological measures such as the Tower of
London test of ‘planning ability,” and the Stroop test of “distractibility.” Kurscheidt et al.,
(2008) reported retrospective results of 34 patients on chronic methylphenidate. Compared
to baseline, the drug significantly improved attention and ‘verbal memory performance’
after months of treatment - while other tasks were not affected. Tucha et al., (2011) reported
differences between nonADHD and ADHD-diagnosed adults on the Tower of London task
and one that measured verbal fluency. In this case, MPH did improve performance of
ADHD adults on the Tower of London, but not on the verbal fluency task. Biederman et al.,
(2008b) administered a battery of tests to non-ADHD subjects and separate groups of
ADHD patients who were either on or off medication. They found the largest beneficial
effects on sustained attention (vigilance) and verbal learning, whereas stimulants did not
significantly improve measures of interference (i.e. distractibility) or processing speed (on
the Stroop test).

We recently conducted a study of the most commonly used neuropsychological tasks in our
undergraduate population, including a verbal fluency measure, the Tower of London
planning task and the ‘distractibility task,” the Stroop test. The only significant difference
among the groups was on the Stroop test. This test involved three sets of stimuli, presented
on a computer screen. The word reading stimuli consisted of three color words (blue, red,
and green) in black ink, which the participant read aloud. In the color naming test, the
stimuli were a series of five Xs (i.e., XXXXX) in all blue, all red, or all green ink, and the
participant read aloud the ink color. Finally, in the incongruent color naming stimulus set
(interference condition), stimuli consisted of the color words blue, red, and green printed in
an incongruent color. The participant had to name the color of the ink in which the word is
printed, not the word color.

We found modest, but statistically significant differences on two measures of the Stroop test.
As shown in the top half of Figure 3, below, on the Stroop Interference test, the Control
(n=35) and ADHD (On Med) groups (n=36) reacted significantly faster than the ADHD (Off
Med) group (n=33). Part B shows that the Control group made slightly, but significantly,
fewer mistakes (was more accurate) than the ADHD (Off Med) group, while the ADHD (On
Med) group did not differ from the other two groups.

These data are consistent with other studies showing first, that adults (Johnson et al., 2001;
King et al., 2007; Murphy et al., 2001; Rapport et al., 2001) as well as children with ADHD
(Bedard et al., 2002; Prehn-Kristensen et al., 2011), are impaired on the Stroop interference
measure compared to control populations. Second, Biederman et al., (2008b) showed that
medication did not normalize Stroop interference control in young adults with ADHD. In
our study, the Interference RT of the On Med group was normalized. Yet, the Interference
accuracy of the On Med group, although improved, was still not significantly different from
either of the other two groups. Considering the small absolute difference in magnitude, it is
surprising that the drugs did not fully eliminate the accuracy deficit along with the RT
deficit. One possibility is that the reduction in RT increased impulsivity, which might have
impaired a corresponding improvement in accuracy.
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Fig. 3. Top: Stroop Interference Reaction Time (RT - milliseconds). The Control group
(n=35) and ADHD (On Med) group (n=36) reacted faster than the ADHD Off Med group,
p<0.05 (n=33). Bottom: Stroop Interference Accuracy. The Control group made fewer
mistakes than the ADHD (Off Med) group in interference, p<0.05, and the ADHD On Med
group did not differ from the other two groups. Bars represent standard error of the mean.

In brief, our results showed that undergraduate students with ADHD did not show
significant deficits in verbal fluency or planning ability, compared to normal students. The
only statistical effects occurred in the Stroop test, and the absolute differences were
extremely small. Even so, while medications improved the performance of ADHD students
they did not eliminate the deficit, nor did they help ADHD students perform better than
normal students in domains of functions where no deficits were found. It is possible that
more differences might have been seen in measures other than the Stroop test, if the groups
were larger. However, our group sizes were comparable to those typically used. A more
likely possibility is that our ADHD population may have had less severe symptomatology
than participants in other studies, cited above, who appeared to be clinic patients.
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Although research shows practically no cognitive benefit of either methylphenidate or
amphetamine on acquisition (Advokat, 2010), there is some evidence that stimulants might
improve refention of previously acquired information (Izquierdo et al., 2008; Soetens et al.,
1993; 1995; Zeeuws & Soetens, 2007). In a series of experiments by Soetens and colleagues,
nonADHD adult males received placebo and amphetamine, in a within-subject
experimental procedure. After each drug, participants were asked to study word lists and
were tested at various times afterward to assess how many words they could recall. The first
test took place immediately after presentation of each of 10 word lists, the next test was
given at the end of each daily session (after all the lists), and other tests were given after 1
hour, after 1 day, and after 3 days.

There was no drug effect after immediate recall or at the end of the daily session, that is, no
effect of amphetamine on acquisition of the words. But there was a significant effect of
amphetamine on recall 1 hour after the end of the session, and at 1 and 3 days later. These
results were interpreted to mean that although amphetamine did not improve learning
(acquisition), it facilitated the consolidation of information that had already been learned, and
that the beneficial effect on consolidation was responsible for the improved retention of the
words at 1 hour and 1 and 3 days later. The term ‘consolidation’ refers to the process by which
memory undergoes a change from the short-term, labile, form to a long-term, stable form.

We attempted to replicate this phenomenon in our undergraduates. Although we could not
administer stimulant drugs to nonADHD participants, it was possible that ADHD students
might have a memory impairment that could be reduced by stimulants. In our study,
participants from each of the three experimental groups viewed five sets of ten words. After
each list of 10 words the participants were asked to write down as many words as they could
remember (Test 1). After the fifth set of words was presented, participants were ‘distracted” by
performing a second behavioral task (the mirror tracing task, discussed above). Following the
mirror tracing task, participants were asked to write down as many of the 50 words as they
could remember (Test 2). Last, participants were contacted on the next day and asked a third
time to recall as many words as they could remember from the word lists (Test 3). As shown in
Figure 4, below, there was no difference among the groups. ADHD students did not differ
from nonADHD students in regard to acquisition or retention of the word lists at any time
point, regardless of whether or not they were on medication during the test.

In summary, our assessment of neuropsychological function in undergraduates with ADHD
showed the expected impairment on the classic, CPT test of attention, which was normalized
with stimulants. We also observed a previously unreported motor deficit (on the mirror
tracing task), which was not improved by stimulants. We saw two types of deficit in the Stroop
test of “distractibility,” namely, a slower reaction time, corrected by stimulants, and a very
slight impairment in accuracy, which was not eliminated by stimulants. These results are
consistent with the literature, and illustrate the counterintuitive nature of stimulant effects in
ADHD. That is, although cognitive processing speed and basic aspects of attention are
normalized, even slight deficits in ‘distractibility” are not eliminated. Finally, although we did
not replicate the memory improvement that had been shown in nonADHD adults with
amphetamine, we also did not see any deficits in that task in our ADHD students. It is
appreciated that because they were college students, our ADHD population might have had
very mild symptoms and were perhaps not representative of the typical ADHD adult. We
could not confirm their diagnoses. However, if that was the case, we would not expect them to
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Fig. 4. Retention of word lists in nonADHD students (Control), ADHD students, who were
tested when they were not on medication (Off Meds) and ADHD students who were tested
when they were on their medication (On Meds). Retention was tested immediately after
each list of 10 words (Test 1), about 20 minutes after the 5 lists (Test 2) and 1 day after the 5
lists (Test 3). There was no difference among the groups in the number of words recalled on
any test.

be academically impaired, relative to their nonADHD counterparts, especially considering that
the stimulants exert the same types of effects in those with or without the diagnosis. The data
obtained regarding academic performance, discussed below, show that that is not the case.

3.2 Academic performance of ADHD-diagnosed college students

The ADHD-diagnosed undergraduates we tested showed very little neurocognitive
impairment. Perhaps the fact that they had successfully entered college meant either that
they had less severe symptomatology or that they were able to gain some academic benefit
from the stimulants (or both). If the latter, it would be important to find out how, so that
their strategies could be broadly implemented. On the other hand, in view of growing
concerns about escalating abuse and diversion of stimulant drugs, it would be equally
important to know if these medications did not provide any academic advantage for
ADHD-diagnosed undergraduates.

In these investigations we compared the self-reported drug use (both licit and illicit), study
habits and strategies of ADHD-diagnosed and non-diagnosed undergraduates. We
administered questionnaires to find out if there was a substantial difference in how these
two groups approached their schoolwork, and, if there was any corresponding difference in
their respective Grade Point Averages (GPA) and other measures of academic achievement.

In the first study (Advokat et al., 2008) we asked about the legal use of prescription
stimulants by undergraduates diagnosed with ADHD, and compared that with illicit use by
students without the diagnosis.

A total of 1550 undergraduate students completed at least part of the survey, with 163
(10.5%) of these students reporting a diagnosis of ADHD (the ADHD Group). Among the
remaining 1387 respondents, 591 (43%) reported that they used stimulant medications
without a prescription (the No ADHD, Illicit Use group) while 794 (57%) stated they did not
use stimulant medications illicitly (the No ADHD, No Illicit Use group).
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As shown in Figure 5, the three groups differed significantly in response to the question:
“Do ADHD medications help academic performance,” in that a significantly greater
proportion of the ADHD, and No ADHD Illicit Use groups, endorsed this statement
compared with the No ADHD No Illicit Use group. The fact that a majority of illicit users
endorsed this statement supports the conclusion that the drugs were primarily used as
study aids. For that matter, a surprising 12% of illicit users in that study reported that they
believed they also had ADHD. That might even be true, but we have no way of verifying
that assumption.
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Fig. 5. Percent of undergraduates who agreed with the statement “Do ADHD Medications
Help Academic Performance.” *Significantly fewer students in the No ADHD No Illicit Use
group endorsed this statement compared to each of the other two groups.

Figure 6 shows that the same groups also differed significantly in GPA, in that the GPA of
the ADHD group (3.05, out of a possible 4.0) was significantly lower than that of the No
ADHD Illicit Use group (3.15) and the No ADHD No Illicit group (3.19).
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Fig. 6. Mean Grade Point Average (GPA) of each of the three groups. * The GPA of the

ADHD group (3.05, out of a possible 4.0) was significantly lower than that of the No ADHD
Mlicit Use group (3.15) and the No ADHD No Illicit group (3.19).
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It should be noted that we cannot tell from these data how many students in the ADHD
group actually used stimulant medications. Nor can we tell if the GPA of both groups that
used stimulant drugs would be even lower if those students didn’t use the drugs. That is,
we can’t tell if the drugs were effective, either because they worked or because the students
believed the drugs worked.

Last, Figure 7, below, summarizes reported recreational drug use of Tobacco, Alcohol, and
Marijuana of these same groups. In each case there was a significant difference among the
groups in frequency of drug use. For each drug, post-hoc comparisons indicated that a
greater percent of the No ADHD lllicit Use and ADHD groups used these drugs compared
with the No ADHD No llicit Use group. Only in the case of alcohol did the ADHD group
use less than the illicit stimulant users, although they still drank significantly more
frequently than those who didn’t use stimulants illicitly.

Overall, recreational drug use in our student sample was very modest. Nevertheless, the
significant difference between ADHD-diagnosed and Non-diagnosed-non-stimulant users
was unexpected, and we can only speculate about the reasons for this result. First, perhaps,
believing that their symptoms are effectively controlled by stimulant medications, these
students feel they are able to use other drugs responsibly. Second, because of the
impulsiveness that often characterizes ADHD, these young adults might not be able to
inhibit other drug use, especially if the drugs are offered in the social context of a party, or
other nonacademic environment, when students might not be using their stimulants
“medically.” Third, considering that alcohol and marijuana are sedating, ADHD students
might use them to counteract the stimulatory effect of the medications, that is, to help them
relax or go to sleep. It is also possible that those with ADHD (and nonADHD, illicit users)
have comorbid conditions (such as conduct disorder) or other risk factors that increase use.

These data show that, although the GPA of the ADHD students was significantly lower than
that of the nonADHD-Illicit users, both groups endorsed significantly greater recreational
drug use than students who did not use stimulant drugs illicitly. Unfortunately, we can’t tell
from these data if perhaps ADHD students were more vulnerable than nonADHD students
to a detrimental effect of recreational drugs on academic performance, or if both groups
might have had a better GPA without such use.

Our results showed that a majority of ADHD diagnosed students (and many without the
diagnosis) believed that stimulants improved academic performance. And although the
GPAs of ADHD students were statistically lower than those of nonADHD students that did
not mean the stimulants didn’t help. The aim of our next study was to find out more about
the influence of stimulant medications on academic outcome. We surveyed the self-reported
study habits and strategies of ADHD-diagnosed and non-diagnosed undergraduates, to
determine if they differed in response to the academic demands of the college curriculum
(Advokat et al., 2011).

A total of 143 students without ADHD (Control group) and 92 students with an ADHD
diagnosis (ADHD group) completed the survey. The average age of the two groups,
approximately 21 years, did not differ, and most participants in each group were Caucasian
(81.8% and 89.1% for Control and ADHD, respectively), although there were significantly
more males in the ADHD group (38% compared to 17.5%).
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Fig. 7. Percent of respondents in each group as a function of the frequency with which they
used tobacco, alcohol and marijuana. *In each case, the ADHD and the No ADHD Illicit Use
groups endorsed significantly more use than the No ADHD, No Illicit Use group. The
ADHD group also used alcohol significantly less than the No ADHD Illicit Use group.
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The average age at which the ADHD participants received the diagnosis was between 15
and 16 years, about 5 years before entering college. While nearly 98% of this group had
taken ADHD medication, only 78.3% (72 respondents) were currently using the drugs, while
19.6% (18 respondents) stated that they were not currently taking the medications. When
asked why they might not be taking stimulant medications, the majority cited the problem
of side effects. Although specific side effects were not always mentioned (“I did not like the
way it made me feel; ...make me feel crappy; the negative side effects outweigh the
positives”), some individuals cited headaches, irritability, temporary heart rate elevation,
nausea, sleep interference and ‘antisocial” feelings as examples of undesirable reactions. Five
in this subgroup also stated that they either didn’t need the drugs anymore, or, they wanted
to see if they didn’t need them anymore.

Similar to the previous study, more than 90% of the students with ADHD endorsed the
statement that medications helped them academically. Most of them stated that the drugs
helped them to focus or to concentrate better i.e. pay attention, stay awake, and organize
their studying. However, relatively few students (n = 6) with ADHD specifically stated that
they took medication to avoid distractions.

With regard to academic performance, Control and ADHD students took the same amount
of Advanced Placement Credits (an average of 8.1 for the Controls and 6.7 for ADHD
students). For those few in each group who took the SAT (Scholastic Aptitude Test, a national
exam sometimes required for college admission), there was no difference in their self-reported
SAT scores. They did not differ in the number of scholarships awarded, were enrolled for the
same number of semesters (between 6 and 7), took the same number of credits per semester
(about 14.5), and studied the same number of hours per week (about 9.5 to 10.5).

These two groups also did not differ statistically on many of their answers to questions
about study habits. The same proportion of both groups believed that they studied “about
the same as” other students and that the quality of their class notes was either “better” or
“the same” as those of other students. The same proportion in each group did not review
their notes either before or after class, and only “sometimes” read assigned reading before
class. About three-quarters of each group stated that they were “somewhat accurate” at
predicting how well they did after exams. The fact that there was no statistical difference
between nonADHD-diagnosed students, and those with ADHD in response to these questions
suggests that the diagnosis did not seem to promote better study habits in the ADHD group.

However, the Control and ADHD groups did differ on several academic variables, as shown
in Table 1. (Although the values of ADHD students who stated that they did not take
stimulant medications are shown for some of the variables, the statistical results are based
on a comparison between Control and all ADHD students).

As in our previous report, the college GPAs of ADHD students were statistically lower than
that of the Controls. In this study we also found that ADHD students had a significantly
lower high school GPA and ACT score than Controls. Although small, this difference was
detected in spite of the fact that a minimum high school GPA and ACT score were required
for admission to the university. The table also shows that ADHD students were significantly
more likely to withdraw from a class, to say that they were worse than other students at
planning for and completing class assignments, frequently taking class notes, studying
ahead of time for exams and avoiding distractions.
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Control (n) ADHD (n) ADHD No Meds P **
(N =143) (N =92) (n=18)

High School GPA 3.55 +0.47 (141) 3.38 £0.43 (89) 0.006
College GPA 3.12+0.49 (142) 2.94+044 (91) 290+0.46 0.006
ACT Score 2545+5.2(124) 241+£3.0(80) 24.6+2.61(16) 0.032
Times Withdrawn from a Class 1.6+1.7(139) 23+24(89) 3.28+3.89 (18) 0.008
Planning for class assignment <0.001

Better 32.9 (47) 26.1 (24) 27.8 (5)

Worse 13.3 (19) 35.9 (33) 38.9 (7)

About the same 53.8 (77) 38.0 (35) 33.3 (6)

<0.001

Completing class assignment

Better 33.6 (48) 304 (28) 33.3 (6)

Worse 213) 19.6 (18) 222 (4)

About the same 62.9 (90) 47.8 (44) 44.4 (8)
Frequency of note-taking 0.002

Nearly every lecture 82.5 (118) 63.0 (58)

Sometimes 16.1 (23) 27.2 (25)

Read someone else’s notes 14 (2) 5.4 (5)

Neither take notes nor read other’s notes 0 43 (4)

0.011

When you study for an exam do you

Study well before the exam 39.2 (56) 25 (23) 16.7 (3)

Study in the day or two before the exam  60.1 (86) 69.6 (64) 83.3 (15)

Both situations could happen 0.7 (1) 5.4 (5)
Avoiding distractions while studying <0.001

Better 16.8 (24) 16.3 (15) 111 (2)

Worse 33.6 (48) 64.1 (59) 66.7 (12)

About the same 49.0 (70) 18.5 (17) 22.2 (4)

* Unless otherwise indicated, scores are percent; ** p values are for Control vs all ADHD respondents

GPA and ACT scores are all self-reported

Table 1. Academic Variables That Differed Between Controls and ADHD-Diagnosed

College Students *

These results show that Control and ADHD-diagnosed students differ in some of their self-
reported study habits. But these data alone don’t tell us if these endorsements are relevant to
the academic achievement of either group. In other words, we didn’t know if the statistically
significant differences in professed study habits were related to the respective GPAs. We
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therefore analyzed the answers to some of the questions on which the two groups differed
as a function of GPA. The results are summarized in Table 2.

There were significant differences within the groups on several measures. Control students
who stated they were ‘better’ at planning and completing assignments, took ‘frequent’ notes
in class and ‘avoided distractions,” had higher GPAs than those who said they weren’t,
suggesting that their judgments were accurate. However, the GPA of Control students did
not differ as a function of whether or not they said that they studied ‘ahead of time” or just
days before an exam. In other words, Control students did not ‘pay a price’ in GPA for
waiting until a few days before exams to study. In contrast, the GPA of ADHD students
who stated that they studied ‘well before” an exam, was significantly higher than the GPA of
those (the majority of this group) who said they studied in the ‘day or two” before an exam.
Unlike Control students, ADHD students did ‘pay a price” for waiting until the exam was
imminent before they began to study. This difference seemed to epitomize a fundamental
behavioral impairment in ADHD, so we examined it further.

Variables Control ADHD
Planning for class assignment * *

Better 3.26 £ 0.43 (46) 3.09 £ 0.39 (23)

Worse 2.92+0.52 (19) 2.79 £0.41 (33)

About the same 3.06 £ 0.50 (77) 2.93 £ 0.48 (35)
Completing class assignment * *

Better 3.30 £ 0.44 (48) 3.04 £ 0.42 (28)

Worse 249+0.82(3) 2.67 +0.39 (18)

About the same 3.02 £ 0.47 (90) 2.97 £0.46 (43)
Frequency of note-taking * NS

Nearly every lecture 3.13 £0.46 (117) 3.0+ 0.46 (57)

Sometimes 3.06 £ 0.57 (23) 2.86 £ 0.42 (24)

Read someone else’s notes 2.25+0.35 (2) 2.76 £0.39 (5)
When you study for an exam do you NS *

Study well before the exam 3.12 £ 0.48 (56) 3.16 £0.35 (22)

Study in the day or two before the exam 3.10 £ 0.50 (86) 2.86 £0.47 (64)
Avoiding distractions while studying * NS

Better 3.30 £0.51 (24) 3.0+ 0.44 (15)

Worse 2.91 £ 0.50 (48) 2.88 £0.46 (58)

About the same 3.18 £ 69 (69) 3.07 £0.40 (17)

* p <0.05, for GPAs within each of the 2 groups, as a function of their answers to each question

Table 2. Factors Affecting College GPA + SD (n) of Control and ADHD-Diagnosed Students

Because we had asked the students if they were taking ADHD medications, we could
distinguish between those ADHD students who said they did (n = 72) from the smaller
group, who said they didn't (n = 18). The existence of these subgroups allowed us to
compare the GPA of ADHD students who did or did not take the drugs, as a function of
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whether or not they studied ahead of time for exams. This resulted in 4 groups, with the
following GPAs (+ Standard Errors): Those who took the medications, and did not study
ahead of time (n = 47), 2.88 * 0.48; those who used the drugs and did study early (n = 19)
3.15 £ 0.35; those who did not take the medications, and did not study ahead of time (n =
15), 2.84 £ 0.47; and those few who did not take the drugs but did study early (n=3) 3.19
0.36. A two-way analysis of these GPAs found no effect of medication, but a statistically
significant effect of study interval, (F = 4.06, p = .047).

This preliminary analysis showed that, if ADHD students utilized the well-known strategy
of studying ahead of time for exams, they could overcome their achievement deficit, even if
they didn’t take stimulant medications. In spite of the fact that only 3 students ‘studied ahead of
time” without using the drugs, their GPA was comparable to that of the 19 undergraduates
who did take the drugs in addition to using good study habits. Obviously this outcome
needs to be validated in a larger group of individuals. But, the data suggest the optimistic
implication that the GPA disparity between ADHD and nonADHD students could be
eliminated if ADHD students were able to develop well-established study habits.

Unfortunately, it is not clear from these data alone if taking stimulant medications actually
helps ADHD students to develop beneficial study habits. That is, do the stimulant drugs
help students to plan ahead, e.g., to begin studying ahead of time so that they can
compensate for their cognitive deficit? If so, why didn’t this behavior occur in more of the
ADHD students?

These data provide preliminary empirical evidence that, as with elementary and high school
students, adult college students with ADHD are less likely to reach the same academic level
as their non-ADHD counterparts, even when they use stimulant medications. Stimulants do
not necessarily normalize academic achievement, even when they can be administered at
the most appropriate doses and durations for maximum efficacy, and, even in a population
that is considered to be less intellectually impaired than the typical adult with ADHD.

It should be noted that even those ADHD students who did not engage in good study habits
were not failing. Their average GPA was just above a ‘C,” which means they were able to
progress towards graduation at a normal pace. On the other hand, the absolute difference
between the GPAs of ADHD students and Control students was not very large, only about a
third of a grade. Yet this difference was consistent, and it is surprising that the stimulants
were not more effective in narrowing the gap. Why aren’t the stimulant medications more
cognitively effective?

4. Discussion

In their consideration of this question, Barkley and Cunningham (1978) raised the possibility
that the problem with stimulant medication might be that it made hyperactive children less
aware of their environment, perhaps more intellectually ‘constricted” and rigid and less
inquisitive or interested in learning. Similarly, Gadow noted that stimulant drugs might
produce ‘cognitive perseveration,” akin to amphetamine-induced stereotypies (that is, the
repetitive performance of an invariant behavioral sequence). Subsequently, Carlson and
Bunner (1993) proposed the term ‘cognitive toxicity’ to describe this same hypothesized
phenomenon.
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Robbins and Sahakian (Robbins & Sahakian 1979; Sahakian & Robbins, 1977) provided an
insightful discussion of this point, proposing that stimulant-induced stereotypy might play
a role in the behavioral effect of the stimulants. They noted that, “...although stereotypy
may improve performance in certain situations, perhaps by focusing or channeling
“attention,” it may also lead to impairments when behavioral flexibility is required” (p. 944).
Their review summarized results of numerous studies in ADHD-diagnosed children,
including activity measures and complex motor tasks, cognitive tasks, intelligence tests,
verbal fluency and language tests, and attention and vigilance tests. Across all these
categories, the greatest improvement from stimulants was seen in activity tests (measured
with photo cells, actometers and stabilimetric apparatus’) and the least amount of
improvement occurred in the problem-solving test category.

Subsequently, these researchers obtained evidence for stimulant-induced ‘cognitive
perseveration’. They conducted a study in children who had been on methylphenidate for 4
to 29 months (Dyme et al.,, 1982). Each child was tested 3 times, first, under a ‘no drug’
practice condition, then on two trials of either placebo or drug (1 mg/kg). The tasks
included a test of ‘flexibility of thinking,” the Wisconsin Cart Sort Test (WCST), involving a
set of response cards which could be sorted according to color form or number. Subjects
were not told which variable was correct for sorting, only when the choice was right or
wrong; they had to figure it out for themselves. After 10 cards were sorted correctly the
examiner changed the sorting variable without telling the subject who then had to
determine the new ‘correct’ sort. Subjects were scored on the number of errors as well as
correct cards sorted. ‘Perseverative Errors’” were mistakes in which the subjects sorted
according to a prior category after they had already been told that sort was “wrong.”

The results showed that although all children improved their speed or performance on
measures of attention, none improved on this flexibility measure and most got worse. This
result has since been replicated (Tannock & Schachar, 1992), although not in all cases
(Swartwood et al, 2003). Moreover, Tannock and Schachar (1992) found that this
impairment recovered rapidly (that is, tolerance developed).

Nevertheless, consistent with the WCST data, Schroeder et al, (1987) found that
methylphenidate impaired performance of 15 normal male volunteers, 18 - 40 years old, on
a unique procedure. “The task was an arcade-like game called Telekinesis Star Wars, which
was highly engaging.., as opposed to the more monotonous tasks commonly used in these
neuropsychological studies.” Several measures were obtained from the subject’s
performance in this game, which reflected the strategies used by each player, and indicated
if they were improving or not. In each case, the data showed that subjects given
methylphenidate, at doses of 0.15 or 0.30 mg/kg, were poorer than controls at improving
their performance throughout the test session. Drug-treated subjects did not develop
“adaptive problem-solving strategies selected by controls.”

Similarly, Burns et al., (1967) also described a learning task that was worsened by
amphetamine. Subjects were seated in front of 8 lights, each placed above a key that
controlled one of the lights. The subjects “had to learn which single key was the correct
response to each [of 8] light[s] when the keys were randomly assigned, except that the
correct button was never in front of the light associated with it.” The session consisted of 840
trials balanced for frequency of light/key pairings. In this situation, the d-amphetamine
group showed a significantly slower rate of learning than the placebo group. Such results
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suggest that, due to their profound effects on attention, stimulants may impair adaptive
problem-solving ability, perhaps by inducing perseverative behavior.

Similarly, because attentional ‘overfocusing’ and creativity may be inversely related, there
has been concern that stimulants might decrease creativity in people using the drugs for
cognitive enhancement. Several studies have explored this possibility, mostly in children,
with mixed results. Swartwood et al., (2003) found that MPH actually worsened the scores
of ADHD-diagnosed children on a battery of tests assessing ‘divergent thinking,” relative to
their nondrug tests. Funk et al., (1993) saw no effect of methylphenidate on a test battery of
‘creative thinking,” in young boys, relative to a nonADHD comparison group. Solanto and
Wender (1989) also reported that methylphenidate maintained ‘divergent thinking’ in
ADHD-diagnosed children when the children were tested over several days, relative to the
decline that occurred on nondrug days. And Douglas et al., (1995) found that “... MPH
doses up to 0.9 mg/kg had an increasingly positive effect on measures of mental flexibility
and other cognitive processes” in 17 ADHD children.

To our knowledge, there are no studies of stimulant effects on creativity in ADHD adults.
However, Farah et al., (2008) examined the effect of amphetamine in 16 nonADHD adults on
four tests of creativity, “two tasks requiring divergent thought and two requiring
convergent thought (p. 542).” Only performance on the convergent tasks was affected, and
the effect depended on baseline performance. The results suggested that people who are
already very creative might be unaffected or even impaired, whereas those who were not
very creative to begin with might improve with stimulants. It remains to be seen however
whether ADHD-diagnosed adults (or even children for that matter) are actually less
‘creative’ than their nonADHD cohorts.

Stimulant-induced perseveration and impairment of cognitive flexibility (creativity) have
been the most commonly proposed reasons for why these drugs produce so little long-term
cognitive benefit. But, stimulants are also sympathomimetics, that is, they produce the same
effects as the sympathetic transmitters that mediate arousal and alertness. This physiological
action is rarely discussed in regard to ADHD, perhaps because stimulants are used
therapeutically to decrease rather than increase behavioral activity. But arousal is known to
have significant effects on memory; moderate levels of arousal enhance memory while too
much arousal impairs memory.

Recent studies of Brignell and colleagues (Brignell et al., 2006; 2007) illustrate the possible
relevance of this approach. In one study, separate groups of subjects were given either
placebo or methylphenidate while undergoing classical conditioning of a skin conductance
response. Methylphenidate did not impair conditioning; the subjects who received the drug
did acquire the conditioned response. However, the drug increased the number of responses
to both, the non-conditioned stimulus and conditioned stimulus, compared to the placebo
group. This was described as a “general pattern of methylphenidate-induced arousal
increasing propensity to respond.” It was concluded “methylphenidate decreased
responses to highly arousing stimuli and increased responses to the less arousing stimuli
(512).”

A second study suggests that this phenomenon might be relevant to the issue of stimulants
and cognition. In this case, subjects were presented with a series of slides that were designed
to tell a story that included a very ‘emotional’ component. One week later the participants
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returned to answer multiple choice questions about the story. Placebo-treated subjects
showed the expected enhancement of memory for the emotional slides, relative to the
neutral slides. But methylphenidate-treated subjects did not show this increase in memory of
emotional material, even though the drug had increased their pulse and blood pressure.
Unlike placebo-treated subjects, those given the drug showed comparable retention across
all phases of the story. In other words, methylphenidate eliminated the preferential
retention of the information on the emotional slides. These data suggest that the
physiological arousal produced by stimulant drugs may be relevant to the fact that they do
not seem to provide lasting cognitive benefit.

5. Conclusion

There is a paradox in regard to the use of stimulant medications indicated for the treatment
of ADHD. On the one hand, there is much recent medical, legal and ethical concern about
escalating use of these drugs, both licit and illicit, primarily to enhance cognition. On the
other hand, there is surprisingly little evidence that the stimulant drugs truly are ‘cognitive
enhancers.” Results from neuropsychological studies confirm that while stimulants
apparently increase attention in adults diagnosed with ADHD, the drugs produce very
modest and inconsistent improvement on a variety of other neuropsychological tasks.
Although responses may be faster, inaccuracy and errors persist, especially on tests of
‘distractibility.” Intuitively, it would seem logical that drugs that improve attention and
concentration should promote learning and academic achievement. Yet, for more than 30
years data have shown that this is not the case in regard to children and adolescents.
Evidence presented here supports the same conclusion for adult college students. Whether
this lack of effectiveness is due to drug-induced perseveration, inflexibility, arousal or some
other factor(s) remains to be determined.
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1. Introduction

(Gaillard et al., 2004) affirm that the term Hyperactivity is about a type of disturbing
behavior that was always stigmatized by the terms agitation, psychomotor instability and
hiperkinesia. And the terms “psychomotor” and “hiperkinesia” refer to a motor behavior
resulting from attention and excitation problems becoming an outer presence, on the other
hand, (Vidarte et al., 2009) on the Psychomotor profile of the children clinically diagnosed
with TDAH in the city of Manizales, concluded how the mobility factors of the diagnosed
children presented normal rank values which were significantly worse when comparing
them with the healthy children in all the ages, this chapter tries to demonstrate the results
obtained in a research process, that shows the differences happened in the psychomotor
profile in children diagnosed with the TDAH that receives pharmacological treatment with
two variables of analysis (sex and the type of TDAH) as a basis.

The neurochemical hypothesis which poses a dysfunction of fronto striatal connections
either of anatomical or functional origin, has been the justification for the use of
pharmacotherapy (including methylphenidate or Ritalin, a stimulant that activates the
inhibitory network behavior). This hypothesis remains attractive from a heuristic point of
view, it tends to consider all the cortex as a reflecting organ of frontal lobe, rather than
seeing it as the control center of social behavior, which also addresses environmental
responses (Pliszka et al., 1996 y Tannock, 1998) and where it is considered the expression of
the motor skills as a socializing element.

In this paper the authors try to provide elements that show the motor skills behaviors in
children diagnosed with ADHD and taking medications and also this paper allows new
hypotheses to the scientific evidence for this relationship. For this reason, the objective of
this paper is to establish the differences in the behavior of the psychomotor profile of
children clinically diagnosed with ADHD and taking phramochological treatment in the city
of Manizales, Colombia.
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The development of this paper has primarily a theoretical and conceptual approach of the
disorder from the scientific evidence established by different authors where issues as the
definition, prevalence, etiology, comorbidities and therapeutic implications arise, making
emphasis on motor skill and comorbidity; secondly the results obtained in the study show
the relationship between the psychomotor profile of children diagnosed from
pharmachological treatment.

2. Attention Deficit Disorder and hyperactivity

The attention deficit disorder with hyperactivity is an important health problem, for its own
characteristics, and for its alterations that are associated or triggered as a result of
inattention or hyperactivity. People with this syndrome, not only suffer the direct effects of
the disorder, but also the academic, social or labor impact involved, and it often persists
even after you have submitted the disorder. The attention deficit disorder with
hyperactivity (ADHD) is, along with dyslexia, the most important cause of school failure.

Disorder Attention Deficit is known by the acronyms: ADD (Attention Deficit Disorder),
ADS (Attention Deficit Syndrome), AD (Attention Deficit) ADHD (Atention Deficit
Hiperactivity Disorder), and more commonly ADHD (Attention Deficit Hyperactivity
Disorder). The (American Psychiatric Association, 2002) characterizes it as "a persistent
pattern of inattention and / or hyperactivity-impulsivity that is stronger and severe than
typically observed in individuals of a similar level of development". These three dimensions:
inattention, hyperactivity and impulsivity are the axes of the disorder and they are
characterized as follows:

Attention disorders are the inability to maintain the standard care for long periods of time,
characterized by fleeting attention and inhibited impulses, in the waking state is one of the
manifestations of this disorder. People who are inattentive have difficulty concentrating on
one thing and become bored with a task after only a few minutes. Lack of attention can be
inferred from the observation of behavior, as, for example, if a child is not performing a task
for the required time, a task that is available to other children with the same age, intelligence
and schooling, from which is different (Barkley, 1991b).

The diagnostic criteria for attention deficit disorder in DSM-IV version (1995) and DSM-1V-
TR (2002) have often not enough attention to details or careless mistakes done in
schoolwork, in the work or other activities. It often has difficulty sustaining attention in
tasks or playing activities. It often does not seem to listen when spoken to directly. It often
does not follow instructions and fails to finish schoolwork, chores or duties in the workplace
(not due to oppositional behavior or failure to understand instructions). It often has
difficulty organizing tasks and activities. It often avoids, dislikes or is reluctant to engage in
tasks that require sustained mental effort (such as schoolwork or household). It often loses
things necessary for tasks or activities (e.g. toys, school assignments, pencils, books or tools).
It is often distracted by irrelevant stimuli. It is often forgetful in daily activities.

Hyperactivity is the second component of ADHD and typically manifested by excessive and
continuous movement when it is inappropriate to do so, restlessness, nervousness and
inability to sit without getting up, to "be running" continuously, as having an internal
engine; and talking too much. The problems of children with ADHD include both an excess
of activity and inappropriate activity depending on their age and circumstances (Barkley, et
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al., 1990D). It is also said to be desobidient, who do not stop tapping their fingers, moving in
their seats or to annoy their classmates, (Whalen, 1986; Whalen y Henker, 1991a; Arnold, et
al., 1997b).

Hyperactive children seem to have problems regulating their actions according to the
wishes of others or the demands of context, (Teichner, et al.,, 1996, Solanto, et al., 2001;
Slusarek, et al., 2001). Hyperactive behavior is usually extended to a group of behaviors
such as aggression, constant activity, distractibility, impulsiveness, inability to concentrate
and difficulty in participating in “silent” activities such as reading and activities that require
a similar behaviors, although they may relate to each other, they do not always correspond
with hyperactivity itself.

The diagnostic criteria for hyperactivity in the version of the DSM-1V (1995) and DSM-IV-TR
(2002) are: He often fidgets with hands or feet or squirms in seat. He often leaves seat in
classroom or in other situations in which remaining seated is expected. He often runs about
or climbs excessively in situations in which it is inappropriate (in adolescents or adults it
may be limited to subjective feelings of restlessness). He often has difficulty playing or
engaging in leisure activities quietly. He often "is ongoing." He often talks excessively.

Impulsivity is the third component of ADHD, this behavior turns into impatience, inability
to postpone a reply, to answer before the question has been made in full, and to stop
frequently, causing problems in social situations. Also, individuals can make inappropriate
comments, display a lack of attention to understanding the rules, buffoonery, etc.. That is,
children are unable to control themselves, to adapt their behavior to environmental
demands and delay gratification. (Barkley, 1997) described the multidimensional nature of
these symptoms, according to it, including cognitive and behavioral aspects. Behaviors
associated with hyperactivity and impulsivity are: social disinhibition, lack of caution in
dangerous situations and impulsively breaking social norms, so that these children suffer
continuous accidents and are easily rejected by equal groups.

The diagnostic criteria for impulsivity in the DSM-IV version (1995) and DSM-IV-TR (2002)
are: It often blurts out answers before questions have been completed. It often has difficulty
awaiting a turn. It often interrupts or intrudes on the activities of others (eg, butts into
conversations or games.

From these components ADHD has been classified: predominantly hyperactive,
predominantly combined and predominantly inattention. For many authors, ADHD is the
most common disorder in childhood (Shaywitz y Shaywitz, 1991; Barkley, et al., 1971;
Biederman et al., 1996a; Wolraich et al., 1996) and it appears to be persistant into
adolescence and adulthood (Barkley, et al., 1990b; Ferguson, et al., 1993). The prevalence of
ADHD ranges between 3% and 7% in general population and between 10% and 15% in
clinical population (Fischer, et al., 1990).

The prevalence of ADHD symptoms varies depending on who reports (parents or teachers),
age and sex of children and the evaluation criteria used (Amador y Forns, 2001).
Epidemiological studies indicate that the prevalence of ADHD varies by age, subtype of the
disorder (ADHD inattentive type or hyperactive-impulsive type) and gender. In this sense,
ADHD hyperactive-impulsive type is four times more common in boys than girls (4:1), and
ADHD inattentive type is in 2:1 ratio. Both subtypes are more common between eight and
ten years, (Wolraich et al., 1996; Bathia et al., 1991).
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In Colombia, there has been several prevalence studies, such as one involving children of 5
to 7 years in the city of Manizales, in which individual interviews were used based on DSM-
IV. The prevalence of the disorder was 8.2%. These data comfirmed those provided by
different literature sources, finding that the disorder was more common in children who
were 6 years old, the male / female ratio was 5 to 1, the most common age of onset of
symptoms, according to parents was at 5 years and according to teachers at 6 years (Vidarte
y Vélez, 1999).

Subsequently, these authors developed a second phase with children 8 to 12 years, it was
found that the prevalence was 7.1%. Comparatively, the prevalence was lower than the one
found in the first study, with the differential variable between the age of the subjects. Both
studies also suggest the importance of the problem of ADHD in this city of Colombia and
the need to continue to advance knowing about the problem (Vidarte y Vélez, 2001).
Another study found a prevalence of 16.1%. The diagnostic criteria used a list of symptoms
that corresponded exactly to the 18 items of DSM-IV criterion for diagnosis of ADHD. Data
were obtained from parents of children and adolescents from 4 to 17 years in the city of
Manizales (Pineda et al., 2001).

In the city of Cali, a study on the neuropsychological and behavioral profiles of children
with ADHD (Bara et al., 2003) was done. In addition to describing the neuropsychological
profiles of children, a prevalence of ADHD of 16% was showed. In 2005, it was established
from the study on the prevalence of ADHD in Colombian adolescents from Sabaneta town
(Antioquia) a prevalence according to DSM-1V 15.86% (Cornejo et al., 2005).

Previous studies show that in Colombia there is a high prevalence of ADHD, much higher
than in studies elsewhere. This discrepancy could be explained as a result of several factors
which include the use of more or less restrictive criteria in establishing the diagnosis, or the
existence of psychosocial risk factors of the environment from which population samples are
extracted. Added to this, there are other important elements as follows: from the total
population diagnosed, only 7.4% received a diagnosis confirmed by a structured psychiatric
interview, and only 6.6% of patients have treatment which could indicate that there could be
a subregister in the diagnosis in developed countries.

Although the DSM itself in its different versions indicates the absence of evidence to suggest
organic disorders in the etiology of ADHD, recent studies have been providing relevant
information in this area. For example, there is strong evidence that genetic factors are
important in causing the disorder, but also other factors are considered: biochemical,
neurological, environmental, viruses, problems during pregnancy, working and others that
alter brain development.

Since genetic factors, research in this field in the etiology of ADHD are based on studies of
twins and families. The studies results with families have shown a higher incidence of
ADHD or symptoms thereof, in biological parents of these children (Shaywitz y Shaywitz,
1991; Biederman, et al., 1992; Faraone, 1996). Also, a higher proportion of psychiatric
disorders in biological parents of children with ADHD was found, a higher incidence of
anxiety disorders and depression in mothers and antisocial personality disorders and
alcoholism in parents was found (Biederman, et al., 1990; Biederman, et al., 1991; Faraone, et
al., 1998a; Schaill, et al., 1999).
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A study shows that the biological parents of children with ADHD have higher risk of
attention deficit (Frick, 1994). However, some studies have shown the existence of
environmental factors involved in the presentation and severity of ADHD symptoms and
their association with other pathologies such as aggressive behavior (Shaywitz y Shaywitz
1991; Biederman, et al. 1991; August, et al., 1996a; Biederman, et al., 1997). In a study
conducted to evaluate the association between ADHD and disorders of first-degree
biological parents and adoptive parents of children with ADHD, it is supported in the
hypothesis that ADHD has a significant biological component (Sprich, et al., 2000). The data
found in twins studies support the hypothesis of a genetic component in the manifestation
of ADHD. A greater concordance between monozygotic twins than in dizygotic twins was
found. These results support the idea of a genetic influence in the etiology of the disorder
(Gillis, et al., 1991; Sherman, et al., 1997b).

It has been found then the manifestation of ADHD is explained in 50% by genetic factors. It
was also found a concordance for ADHD of 81% in monozygotic twins and dizygotic twins
29% (Goodman y Stevenson, 1989; Sherman, et al., 1997a; Silberg, et al., 1998). Similarly it
was found a genetic influence in the a etiology of ADHD in childhood, while the emergence
in adolescence with aggressive behavior explained would preferably be in an environmental
influence (Silberg, et al. 1996 p.803). According to the data above, it could argue that the
results obtained from studies of twins and families support the hypothesis of polygenic
inheritance in the transmission of ADHD.

From the neurochemical factors, recent findings suggest a neurochemical disorder in the
etiology of ADHD, finding changes in cerebral blood flow and metabolism (Teeter y
Semrud-Clikeman, 1995). These changes produce less activation in the frontal, temporal,
and limbic areas. After conducting various researches, it has been conjectured an underlying
genetic predisposition to the etiology of ADHD, which carries a hypofunctional of
dopaminergic pathways in the prefrontal and limbic system, involved in the mechanism
responsible for the manifestation of symptoms ADHD (Barkley, et al., 1992).

From a behavioral point of view, the deficiency of dopamine in the prefrontal region results
in an inability to control impulses and a difficulty in planning and carrying out a sequence
of actions aimed at achieving a goal, the difficulty in delaying gratification and excessive
motor skill activity, key features of attention deficit disorder with hyperactivity. Both
norepinephrine and epinephrine, and dopamine have been related to the pathophysiology
of ADHD (Pliszka, et al., 1996). These chemical mediators are responsible for transmitting
stimuli from neuron to neuron and they are involved in explaining many psychopathologic
changes. The authors suggested that these three neurotransmitters had some kind of
problem, namely one in neurotransmitters dopamine hypofunctional.

Other studies (Castellanos, et al.,, 1996b; Arnstein, et al., 1996) have reformulated the
catecholamine hypothesis by emphasizing the role played by dopamine and norepinephrine
in the pathophysiological explanation for ADHD. These authors propose the existence of a
subactivacién and overactivation in two dopaminergic regions as mechanisms in the genesis
of ADHD. The subactivacion would be located in the cortical region (e.g. anterior cingulate)
and it would be responsible for cognitive deficits of these children, and overactivation in the
region would be subcortical (e.g. caudate nucleus) and it would explain the excessive neural
activity (Swanson, et al., 1991b), noting that it seems unlikely that ADHD is associated with
just one hypofunctional of the dopaminergic system.
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In fact, the selective dopamine agonist administration has not shown improvement in
symptoms of ADHD (Navarro y Manzanaque, 1998). Add to that the complex web of
connections available to the dopamine neurotransmitter. Today, it has been discovered up
to five different subtypes of these neurotransmitters, each one with different routes and
different roles or behavioral circuits (Navarro, 2000). It might be concluded that in the
results of research on the neurochemical components in explaining the pathophysiology of
ADHD there are many questions to be answered, as a failure to demonstrate a direct
relationship between one type of neurotransmitter and its effects on the child's behavior.

From the neuroanatomical factors, studies using neuroimaging techniques have found
differences, although discordant in brain morphology of children with ADHD (Castellanos
et al., 1996b; Castellanos et al., 1996a). Early studies with these techniques had numerous
methodological biases, (Casey et al., 1997; Swanson et al.,, 1998). A hypothesis currently
supported in a neuroanatomical study of ADHD is involving the prefrontal lobe in
explaining the symptoms of this disorder, (Catellanos et al., 1996a; Colby, 1991; Catellanos et
al., 1994). This area, in particular, the frontal lobe, is responsible for planning, directing,
making decisions and evaluating the results of our actions, what has been referred to as the
general system of self-regulation of behavior (Barkley et al., 1992).

The relationship between dysfunction in the prefrontal cortex areas and deficits in response
inhibition in visual-motor tasks in a sample of 13 children with ADHD and 10 normal (Ross
et al, 1994) has been examined. Children with ADHD showed significant differences
compared with the control group, in the execution of response inhibition tasks, but not in
visuospatial memory tasks or response latency. The authors associated these deficits to a
dysfunction in the dorsolateral cortex, other authors, based on studies of neuronal circuits
interconnected identifies five anatomical structures that may represent an important
pathophysiological model in explaining the genesis of ADHD (Ross et al., 1994). These
structures have connections with motor and sensory cortex.

Studies using MRI indicate that some regions of the frontal lobe (anterior, superior and
inferior) and basal ganglia (caudate nucleus and globus pallidus) are lower in children with
ADHD than in normal children. Thus, it has found a total brain volume 5% smaller in
children with ADHD than in normal ones, particularly in the area of the caudate nucleus, a
deficit in prefrontal neural processing in children with ADHD compared to the control
group and a smaller volume of white matter in the right frontal lobe (Silberstein et al., 1998;
Semrud-clikeman e t al., 2000). These authors suggest that morphological changes in the
frontal lobe and the caudate nucleus are inversely correlated with measures of inhibition
and externalizing behavior of children with ADHD. The results of these studies are
consistent with theoretical models of the altered function of fronto-striate and parietal lobes.

With regard to risk factors, several studies have indicated the existence of risk factors in the
explanation of ADHD (Johnston y Pelham, 1986;Burnley, 1993; Milberger et al, 1997; Max et
al., 1998). Among the proposed risk factors include: smoking in pregnant women,
complications during pregnancy and childbirth, exposure to chemicals and brain injury
(Wozniak et al., 1999). Ultimately, and based on the checked results on etiology, it is likely to
be a neuroanatomical and neurochemical basis in the explanation of ADHD. The findings in
family studies of twins and genetics support the hypothesis of a polygenic inheritance in the
transmission of ADHD. The results in neurochemistry and neuroanatomy of the etiology of
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this disorder pose many questions to be answered, as the failure to demonstrate a direct
relationship between one type of neurotransmitter and its effects on behavior. Although the
mechanisms responsible are unknown in the genesis of ADHD, studies on pathophysiology
point to the existence of neuroanatomical, genetic and environmental factors as well as in
the expression and severity of ADHD (Kasdejo et al., 2001).

2.1 Therapeutic implications

At present, the treatment of subjects with ADHD moves in three directions: first, a re-
education orientation which has several variants depending on the emphasis given to
academics or cognitive-behavioral disturbances; the second one is an interdisciplinary
approach in which different professionals (physician, psychologist, educator, physical
educator, etc.). have their respective areas in the various manifestations of this disorder, and
the third one that is pharmacological in nature, not without controversy, but it offers
research on results, not only more numerous but also more accurate than the others.

In general, neuropharmacological treatment of ADHD, aims to improve the nerve impulses
that act on certain frontostriatal circuits. Dopaminergic and noradrenergic mediation
between nerve impulses and the optimal functioning of these circuits would result in a
substantial reduction in symptoms of ADHD, especially in regard to executive functions.
Medication treatment was started in 1937 when Bradley described the effects of benzedrine
in the behavior of children. Since then it has clearly documented the role and efficacy of
stimulants and it has been demonstrated their effectiveness in the treatment of motor skill
activity and lack of attention. Methylphenidate (MPH) and dextroamphetamine (DA) are
the medications most commonly used stimulants. Alternatively, the tricyclic antidepressants
have benefited some patients.

Although treatment of the hyperactive child is based on four therapeutic pillars, the medical
pharmachologic approach has a special relevance. For years, alternative treatments for
ADHD have been confined to the use of psychostimulants, and their favorable effects in
reducing the symptoms and manifestations of ADHD are the medications of first-line
treatment. These medications improve the behavior between 70 and 90% of children older
than 5 years (Barkley, 1988). The efficacy of these stimulants has been shown from placebo-
controlled double-blind study in children and adults, a 65-85% of ADHD patients had a
clinical response to methylphenidate, compared to 4-30% with placebo (Wilens y Spencer,
2000). Scientific evidence suggests that methylphenidate and amphetamine salts are equally
effective in the treatment of ADHD in children (Vitiello et al., 2001, Montafies-Rada et al.,
2009).

The new formulations of these compounds have demonstrated long-acting, at least, similar
efficacy to the immediate release (Faraone e t al., 2006), which is similar throughout the
different stages of life, including preschool, children, adolescents and adults (Jensen et al.,
2001; Ramos-Quiroga et al., 2006; Conners et al., 2001). Despite the high efficiency,
approximately 20-35% of patients do not respond to these treatments (Conners et al.,
Barkley, 1977).

The benefit with the use of stimulants is 75% to 90%. subjects receiving this treatment not
only are less impulsive, restless and distracted and they internalize the information better,
have better relationships, establish commitments in a better way and thus they autocontrol
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more efficiently, and they let them be more accepted and liked by their peers and receive
less punishment, improving self-esteem. However, this type of pharmacological
intervention has some restrictions, such as misuse of medication, the pharmacodependency
that occurs in some people and the misconception that the pharmacological treatment is
sustained as the only alternative to the problem of attention, ignoring other alternatives such
as integral treatment (Fernandez Jaen, 1999).

Recently there have been results referred to a Multimodal Study of Children with Attention
Deficit / hiperactivity Disorder (MTA Cooperative Group, 2003). This study has shown that
stimulant medication had clearly superior results to those obtained with behavioral
treatment and environmental care. In addition, combined therapy (behavioral and
pharmacological) was not significantly superior to medical therapy alone. The use of
stimulants often produces an immediate improvement in behavior, it also improves self-
control, attention, aggression, and interpersonal relationships, especially at family and
school level. It states that it is important for teachers to know that medication do not control
the child, they simply help filter distractions allowing them to concentrate on the tasks they
perform, helping to reduce impulsiveness and facilitate better decision-making (Arias, 2003).

Concerning the effects of some medication used in ADHD on the motor skill, studies are
scarce. A study on the effect of methylphenidate in children with ADHD and DCD on fine
motor skills of these two groups and a control group. The results showed that children with
ADHD-DCD, performed the motor tasks with greater motor skill deficiency than children in
the control group. In particular, the activities of manual dexterity subtests had poorer
quality of handwriting, and drew more quickly but less accurately than healthy
graphomotor tasks. Applying methylphenidate, manual dexterity and improved quality of
the handwriting and the beats in the graphomotor task were less rapid and more accurate
(Houwe y Schoemaker, 2006). In short, the most widely used medication to treat ADHD is
methylphenidate. Its effectiveness is supported by numerous studies over five decades
(Conners et al., 2001; Artigas-Pallarés, 2004; Rapport et al., 1994; Whalen et al., 1979). The
action of methylphenidate is a selective inhibition of dopamine reuptake and acts to
improve both academic performance, such as social interaction, and a general behavior,
since it reduces hyperactivity and keeps attention. Under research there are medicines
derived from nicotine, which use improves dopaminergic neurotransmission, memory and
executive functions (Faraone et al., 1997).

From the known components or integrated multimodal treatments, two issues should be
highlighted: first, variations in the number of professionals integrated into the program, and
the second, in terms of objectives and methods that are oriented primarily to reduce or
prevent dysfunctions associated with ADHD symptoms (aggression, negativism, antisocial
behavior, etc.). In this regard, it is noted the effectiveness of treatments made from conduct
modification, when recognizing the child working with parents and educators in parallel.
Physical activity, and TDH-oriented therapeutic modality could be a route of considerable
interest, when in advance, accurately described motor abnormalities in these patients have
been found.

In adulthood, about 15 to 20% of children with attention deficit disorder and hyperactivity
continue to experience symptoms of this disorder; another third have symptoms of
antisocial personality disorder. A significant percentage shows medication abuse (16%),
especially when two are provided before adolescence behavioral problems and academic
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partners are corrected. If this is done, a group formed by the most severe cases will struggle
in adulthood with persistent symptoms of the disorder. (Conners et al., 2001). Literature
refers to only 20%. The children who do not receive a treatment or it is incomplete, an 80%
has a bad long-term prognosis with emergence of explosive conduct disorders in
adolescence, disocial conduct disorder, criminal-type personality disorder, alcoholism, drug
abuse, job instability and difficulties in personal relationships.

It is generally considered that 80% of children with ADHD have a favorable long-term
prognosis, when prior to adolescence behavioral problems are corrected and academic
partners. If this is done, the literature speaks of only 20%, a group formed by the most
severe cases will struggle in adulthood with persistent symptoms of the disorder (Conners
et al., 2001). Of the children who did not receive any treatment or it is incomplete, 80% have
a poor long-term, explosive emergence of behavioral disorders in adolescence, conduct
disorder, personality type of crime, alcoholism, drug abuse, job instability and difficulties in
personal relationships.

In adulthood, about 15 to 20% of children with attention deficit disorder and hyperactivity
continue to experience symptoms of this disorder and another third have symptoms of
antisocial personality disorder. it shows a significant percentage of medication abuse (16%),
especially when there are two. Evidence has been compiled in order to indicate that a high
percentage of cases, ADHD is accompanied by other psychopathologic dirorders (Zarin et
al., 1998; Bennett, 2000). This makes the clinical study of hyperactivity difficult and raises
the inevitable question of differential diagnosis between ADHD and various disorders that
may coexist, such as patterns of major depression, anxiety disorders, oppositional defiant
disorder, the dissocial and learning disorders (August et al., 1996a; Epstein et al., 1992;
Abikoff y Klein, 1992).

Comorbidity refers to a high probability of association of these diseases in one person, and it
does not necessarily imply a causal relationship or interdependence between different
coexisting disorders. (Artigas-Pallares 2003) states that at least two conditions to give a
useful meaning to the term comorbidity are required.

These conditions are that the presence of comorbidity conditions a presentation, a prognosis
and a therapeutic approach for each comorbidity process. The condition of the frequency
with which one appears when the other is present is higher than the isolated prevalence in
the general population isolated.

Approximately 45% and 65% of children with ADHD have other behavioral and emotional
problems, such as conduct disorder, oppositional-defiant disorder, anxiety-dipression
disorders, etc. (Abikoff y Klein, 1992). This has led to consider ADHD as a heterogeneous
disorder, usually seen as a disorder, which usually occurs with other psychopathological
problems, which interact and modify the diagnosis significantly in the clinical
phenomenology, not only in the psychological characteristics but also in the psychosocial
consequences, in the clinical course, in the prognosis and in response to the treatment of this
complex association (McBurnett et al., 1999).

From the clinical perspective, children with ADHD associated with other disorders are of
greater severity, they are affected in several domains of child development (social,
academic, emotional and physical interaction) and they continue to develop more favorably
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than children with ADHD without comorbidity (Abikott y Klein, 1992; Jensen et al., 1996;
Rapport et al 1999). The studies establish the following associated disorders: Comorbidity
with conduct problems, comorbidity with learning disorders, comorbidity with anxiety
disorders, comorbidity with mood disorders with changes of the motor skills.

It is clear that one of the comorbidity disorders of ADHD is showed in the motor skill. These
motor skill dysfunctions seem to affect many individuals with ADHD, to the point that the
quality of motor skill performance during the first 5-6 years could be a predictor of
subsequent onset of symptoms of ADHD, and even the association between clumsy motor
skill and ADHD is a worse prognosis of the pattern (Kroes et al., 2002; Pascual-Castro Viejo,
2004; Kasdejo y Gillberg, 1999).

Some studies that have compared the fine motor skills of individuals with ADHD to a
control group have found that the first ones showed less motor skill ability than the latter
and the type of difficulties observed differed by the subtypes of the disorder (Piek et al.,
1999; Steger et al., 2001). In this sense, the authors found that men affected by attention
deficit and corresponding to the combined type (ADHD amd Hyperactivity ) displayed less
skill than those attached to the hyperactive-impulsive type and the control group. Also, in
general, all children with ADHD had poorer fine motor skill performance than controls.
These deficiencies are reflected in both the clumsiness to be with their body to occupy a
space and move in it with a willful and symbolized motility fluid enough (Mazet y Houzal,
1981).

However, some studies disagree with these results, noting the absence of differences among
people motor skills with ADHD and controls (Leung y Connolly, 1998). Based on motor
skills characteristics prevalent in children with ADHD, it shows the existence of a high
proportion of children with such deficits who have difficulties in gross motor skills
development (Bauermeister, 2002). As a result of these deficiencies, subjects may appear
awkward in their movements, expressing difficulty when running and jumping. With
regard to fine motor skill development, the difficulties are manifest in tasks that involve
grasping objects (such as a fork and a knife), buttoning clothes, playing with a ball, coloring
within the limits of the figure, write lines or write in a uniform size, or run the script with an
acceptable calligraphy and complete the written work in the classroom.

On the other hand, hyperactivity in children has been associated with motor coordination
problems, and ot is stated that, currently, there are enough data to argue that hyperactive
children have visual motor skill deficits, higher motor skill reaction times (they need more
time to respond a motor skill at the onset of a stimulus) and make more errors (Orjales, 2002).

The study aimed to compare the performance of fine motor skill development, gross motor
skill, visual motor skill in children of 6 years, the study worked with 49 children with
ADHD and 48 normal children comparing their performances. The results showed
significant differences between groups, indicating that the motor skill development of
children with ADHD was significantly low compared to other children, all perceptual-motor
skill measures. They also showed the existence of significant correlations among all
variables considered motor skills in relation to hyperactive and inattentive children. Also,
regression analysis indicated that the total visual motor skill and motor skill outcomes were
significant predictors of group classification with and without ADHD. These results confirm
the importance of early assessment and treatment of the disorder (Yochman et al., 2006).



Motor Skills in Children with ADHD: Comparative Study from the Farmacological Treatment 167

The authors cited above indicate that, while performing a neurological examination, it is
usually not complete and also it does not outline the motor skills abnormalities that could be
seen. The low importance attached to psychomotor development, and more specifically to
the motor skills within the ADHD symptoms, with the prevalence of these disorders in
patients affected by this syndrome, constitutes a gap in the knowledge of ADHD.
Overcoming this ignorance could be a concern from the theoretical and applied point of
view. Another study on the influence of disorder of the development coordination and
attention deficit disorder in children associated movements, aimed to determine the
relationship between associated movements (AMs) and the level of motor performance of
children. It was researched whether children with Development Coordination Disorder
(DCD), those with ADHD and healthy subjects differed in the severity of associated
movements. The total sample was 10 children with DCD, 10 with ADHD and 10 belonged to
a control group, it was found that two groups with limited motor skill had AMs
significantly more severe than the healthy group. These results suggest that the level of
motor performance should be considered in future research, trying to understand individual
differences in the severity of AMs, as well as a function of motor learning, as well as a deficit
linked to ADHD (Licari et al., 2006).

In general, it is estimated that over 50% of children with ADHD may have motor skill
problems (Arnstein et al., 1996, Yochman et al., 2006). However it also noted that the
diagnosis and clinical monitoring of patients (including neurologic examination) is mostly
very superficial (Yochman et al, 2006; Licari et al., 2006). These authors explain that this
situation could result from the fact that those who made the diagnosis and treatment tend to
be doctors and psychologists that focus primarily on the symptoms of their field and, they
are usually unaware of the nuances of the motor skill.

The study on the relationship between ADHD and the ability for the sport (Yochman et al.,
2006), the study sample was 100 men with ADHD, aged 6 to 16 years with normal IQ, that is
on the 85 percentile, motor skill was evaluated by the views of parents regarding their
children's skill for drawing, writing, and problems for walking, jumping and playing; children
answered a questionnaire of 8 questions related to their love of sport, type of sport, the
position they played football if they practiced it, the assessment of sports performance (both
staff and parents and peers), the frequency and discipline in sport practice and also if sport
was practicedi or instead of football what other physical activity was practiced. The results
showed that the most common neurological involvement was hypotonia, it was expressed in
all joints in the form of hyperextension and hyper-flexibility in the feet, where hypotonia was
more evident and it was present in plano-valgus feet, forcing an awkward walk, in general, the
excessive shoulder and trunk elasticity coexisted with a significant global muscle power.

A 67% said they play sports and a 20% chose football, followed by cycling with a 12%.
Swimming, taekwondo, basketball, etc., were the less chosen by children. A 42% of those
who conistently practiced sport expressed their motivation for this activity, while 58%
acknowledged that they continued practicing sports at the behest of their parents. Almost all
considered to have a satisfactory performance in sports, but the parents of half of them
recognized that the implementation was poor compared with other children. In general, this
study is interested in reseraching the possible relationship between the motor skill efficiency
of children with ADHD and sports practice. However, the evaluation of the motor skills
based solely on parental opinions and sports performance, measured only by the opinions
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of children themselves and their parents is far from meeting the methodological
requirements of a rigorous motor skill assessment.

The therapeutic potential value of motor skills in the treatment of ADHD has been the
subject of various studies in recent years. In most of them, it is considered within a
multimodal treatment, which hampers the assessment of the effects of exercise in isolation.
In other cases, the effect of the activity is evaluated (exercise and others) on various
manifestations of the syndrome. For example, it has been shown that motor skill practice on
cognitive functioning, and especially to vigorous physical activity can benefit children
suffering from attention deficit disorder and hyperactivity (Lemura et al., 2000).

In another study, aerobic exercise was used (walking on treadmill) in children with ADHD
and it was found that exercise could have a positive effect on the typical behaviors of the
disorder, it may provide the child with ADHD the following benefits: On a physical level:
correct laterality problems or coordination and to work gross and fine motor skill. At level
of education: to promote motor skill learning, facilitate the understanding of body structure
and promote understanding of the movement. At the social level: sharing a group activity,
learn to respect rules, to accept others and be respected by the group (Tantillo et al., 2002).

However, this work does not specify the results obtained after an aerobic exercise program,
merely proposing the supposed benefits that could result of the program. Some of these
benefits, such as the ones the authors propose at a social level, would be difficult to get
through the treadmill walk, as this activity does not imply, in principle, social relations nor
the development of respect for self and others. Nor it is easy to understand how lateral or
coordination problems could be corrected, nor improving the fine motor skills by working
in the treadmill, and so on. In addition, studies of this nature, far from clarifying the
relationship between physical exercise and ADHD, may even lead to confusion.

In relation to the exercise as part of treatment, (Barkley, 2003) presents some case studies of
ADHD patients whose treatment included physical exercise and/or sports, mainly intense
aerobics, affirming to have seen a clear benefit. In any of these studies, the type of exercise
prescribed to the subjects is not made operative, nor the improvements obtained are
quantified. What the author offers is a brief description of the treatment, indicating the
exercise prescription and adding an anecdotal comment on the effects obtained.

Studies of children with ADHD taking stimulants and noted that the performance of these
children in terms of fitness and gross motor skills was below average, when it is compared
with the standards established for children of this age and gender. They also showed that
athletic incompetency and academic failure could contribute to these children maintain a
low self-concept, which caused them a feeling of worthlessness and frustration with social
activities (Winnick, 2004).

Motor skills can provide a large field of learning to improve social skills in individuals with
ADHD. If there are different causes and forms of ADHD, there must be several ways to
teach children with this disorder. It is suggested specific instructional strategies for teachers
to help children with ADHD to maintain focus and concentration in different school settings
(Winnick, 2004). These strategies involve a highly structured approach and consistent
routines, establishing rules, the use of behavior management programs, clearly express the
expectations expected, choose activities that involve slow, controlled movements to reduce
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hyperactivity and impulsivity, to highlight relevant commands, to encourage the child
permanently, to change the motor skill tasks permanently, to minimize competitive games
and activities to encourage cooperation.

In the same way, physical activity is recommended to children with ADHD, as far as
possible. It is considered that at least an hour a day of aerobics, karate do, swimming,
dancing, gymnastics and other sports should be provided. These authors consider that
energy expenditure made by the child to exercise will allow higher levels of stillness. They
also argue that higher-level of exercise of the child requires more concentration, which
generalize to intellectual tasks. Although both arguments may be reasonable, to reduce
hyperactivity by increasing energy expenditure, which would achieve in all cases, a
temporary reduction and not a modification of the neuropsychological mechanisms that
underlie the etiology of the disorder. Also, to expect a transfer from the alleged
concentration generated by exercise to intellectual tasks suggests a very superficial
knowledge of the functioning of attention processes.

2.2 Development disturbances in ADHD

Although initially motor skill difficulty was used as a catch-all room where all the paintings
were more heterogeneous, now it tends to rigorously define its scope. For example, lesions
and neurological symptoms are excluded and the concept of motor skill difficulty for motor
impairments of the child whose etiology is of another nature is reserved. These
shortcomings are reflected in both the awkwardness to be with their body to occupy a space
and to move in it with a symbolized and intentional mobility (Barkley, 2003).

The interest in studying motor skill functioning in ADHD and in discriminating children
with ADHD from those with neurological disorders is not new (Konrad et al., 2000). This
interest has been revitalized in part by research on DAMP (Gillberg, 2003; Kasdejo y Gilbert,
1998) conducted in Sweden and also by other contributions on neuroimaging studies related
disorders, indicating that both clinical experience and experimental evidence suggest the
role of motor skill factors in ADHD.

A variety of neurological tests have shown that children with ADHD are different from the
control group in motor size skills. This includes repetitive movements (Carte y Hinshaw,
1996; Denckla y Rudel, 1978), difficulties in fine motor skills associated with hyperactive-
impulsive or disantencién symtomps (Pitcher et al., 2003); coordination failures (Jucaite et
al., 2003), problems in controlling the movements and especially when there is no visual
feedback (Eliasson et al., 2004); balance deficiencies (Raberger y Wimmer, 2003);
maladjustment in rhythmic beating sequential tasks (Lemura et al., 2000); excessive
unnecessary movement (Mostofsky et al., 2003); difficulty with motor skills Acquisitions
(Karatekin et al., 2003); and slow central motor skill processing (Ucles et al., 2000); lower
motor skills and intervals and number of errors increase (Tantillo et al., 2002).

In general, it is estimated that over 50% of children with ADHD may have motor skill
problems (Barkley et al., 1990b; Yochman et al.,, 2006). The low importance attached to
psychomotor development, and more specifically to the motor skills within the ADHD
symptoms, with the prevalence of these disorders in patients affected by this syndrome
constitute a gap in knowledge of ADHD. Overcoming this ignorance could be of interest
from the theoretical and applied point of view.
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The differentiation between subtypes of ADHD have shown that the “mixed” subtype has
greater difficulties in gross motor skills, while the "inattentive" subtype is less in fine
motor skills and manual skill tests (Piek y Skinner, 1999). Meanwhile, clinical studies have
highlighted the presence of motor skill dysfunction in ADHD, but it does not indicate
what specific process is ADHD involved: motor skill programming, preparation,
adjustment, etc.

3. Motor skills in children with ADHD: Comparative study from a
pharmacological treatment

This research work aims to show the practical elements, as evidenced by the results
presentation that seek a statistical approach to the existing theoretical claim that affirms that
children with ADHD who are undergoing medication therapeutically present a different
psychomotor profile compared to children with ADHD who are not receiving medication.
This established a methodology process that starts with a descriptive correlational study.
Sampling frame was used as 422 children between 5 and 12 years old from Manizales
Colombia with a medical diagnosis of ADHD, which exceeded the representative sample
size of 397 subjects, calculated by using the Epilnfo program , v. 6.04, designed by the
Center for Disease Control in Atlanta, in its Spanish version, and considering a total
population of 46,387 children, with 95% confidence and a margin of error of 5%. Their
distribution by age and gender was 306 male (72,5%) and 116 female (27,5%).

Also 308 children from the total sample did not use methylphenidate and 114 did not use
methylphenidate if consumed. Regarding the subtype of ADHD it was found that 84 (20.6%)
were diagnosed with predominantly inattentive, 184 (43, 6%) predominantly hyperactive
and 151 (35.8%) with combined dominance. An age range between 5 and 12 was chosen,
because 5 years is usually set when first diagnosed ADHD and because in previous studies
(Vidarte and Velez, 1999, 2001) it had worked with these ages and they had shown elevated
levels of disorder prevalence. Inclusion criteria for healthy children were: being aged
between 5 and 12 years, belonging to any genre, being physically fit to develop the
respective evaluations and having the corresponding informed consent. For children
diagnosed with the disorder, in addition to the above requirements, an ADHD diagnosis is
required by a certified physician.

Children who had any other pathology such as cerebral palsy, mental disorders, language
disorders and anxiety disorders, among others, or who have had traumatic processes that
alter the mobility during the last month were excluded from the sample. Once all
administrative authorizations were obtained in order to know in which schools were
children with ADHD. The integral service unit was (interdisciplinary unit under the
Ministry of Education of the city, which is made up of physicians, psychologists, speech
therapists and occupational therapists, and who are responsible for therapeutic intervention
in children with different problems and to provide pedagogical support to teachers and
parents).

The sociodemographic variable data were obtained through a questionnaire of open and
closed questions and the corresponding psychomotor variables by using the psychomotor
observation battery (POB) proposed by Da Fonseca. It is a system for observing the various
components of the motor system, and the data obtained allow to reflect the degree of
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neurological organization of the child, allowing the identification of alterations. The
theoretical basis on which the BPM based its proposal consists of contributions from Luria,
reformulated and repurposed by Da Fonseca provide justification for the neuropsychological
data.

The assessment was conducted individually with each of the children in their own school
and in their study schedule. In the case of the only hospital care center, the procedure was
similar and the children were assessed during the time they went to receive their treatments.
Except in this case, and in order to avoid information bias due to convenience, a blind
process of measurement was condected: the evaluators did not know which were children
diagnosed with ADHD. Finally, the physician of integral service unit reported which of the
children assessed were diagnosed with the disorder, allowing the review of medical records
to prove the diagnosis of ADHD and to confirm the inclusion and exclusion of children.

The study results are described first through a univariate analysis then a bivariate analysis that
shows the relationship between psychomotor profiles and variable subtypes and gender.

Psyichomotor profile | Frequency | Percentage
Apraxic (weak) 1 0,2
Dispraxico(Satisfactory) 73 17,3
Eupraxic (Good) 336 79,6
Hiperpraxic (Excellent) 12 2,8
Total 422 100,0

Table 1. Psychomotor profile of children clinically diagnosed with ADHD.

The psychomotor profile of 422 children was 79.6% eupraxic, it maens normal, while 17.3%
was dispraxic or performed with difficulty.
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Fig. 1. Results obtained in the participant sample by taking medications (methylphenidate)
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It is remarkable how 100% of the sample participating in the study only 27% use
methylphenidate.

Psyichomotor profile Use No use
medication medication
Fcia % Fcia %
Apraxic (weak) 1 9 0 0
Dispraxic(Satisfactory) 18 15,8 55 17,9
Eupraxic (Good) 89 78,1 247 80,2
Hiperpraxic (Excellent) 6 53 6 19
Total 114 | 100,0 | 308 | 100,0

Table 2. Results of psychomotor profile in children who use medication compared with
those who do not use it.

In this study was found that from 114 children taking medication, 83.3% (95) are male and
16.7% (19) female. Depending on the level of schooling, the largest proportion was located
in the third grade of school (28 boys), 26 in the first grade and 22 in fourth grade and
according to the age of children medicated, the greater proportion was 7 and 10 years (21
children) and 8-9 and 11 years (14 children).
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Fig. 2. Psychomotor profile results in children who use medication compared with those
who do not use it.

Notice although the mean difference for each of the motor skills factors assessed in clinically
diagnosed children is higher in children who use medication compared to those who do not
use it when comparing these differences, it was found that their differences are not
statistically significant.
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Variable X children who | X children who do U Sig. Bilat.
use medication | not use medication

Tone 3,06 3,00 16834,000 ,490
Balance 2,96 2,83 16000,500 124
Laterality 1,22 1,21 17411,000 , 854
Body notion 2,70 2,56 15791,000 ,079
Estructuration espacial 1,96 1,86 16339,500 ,235
Global Praxia 1,89 1,78 16221,500 ,189
Fine Praxia 2,50 2,42 16308,500 ,218

Table 3. Comparison between groups of children with ADHD from obtained results in
factors of psychomotor profile

Variable X children who use | X children who do U Sig. Bilat.
medication not use medication

Tone 3,02 3,00 486,000 ,903
Balance 291 2,78 452,000 ,547
Laterality 1,24 1,17 460,500 ,538
Body notion 2,60 2,56 473,000 ,756
Estructuration espacial 1,89 1,78 464,000 ,756
Global Praxia 1,91 1,61 403,000 ,203
Fine Praxia 2,45 2,50 476,000 ,792

Table 4. Comparison between groups of children with ADHD predominantly hyperactive
from results obtained in the factors of psychomotor profile

Comparing the motor skill factors among children diagnosed with ADHD predominantly
hyperactive differences in the means are not statistically significant. It was found from the
psychomotor profile 55 children use methylphenidate of which 69.1% have a normal profile
(Eupraxic), 5.5% hyperpraxic and 23.6% dispraxic.

Variable X children who use | X children who do U Sig. Bilat.
medication not use medication

Tone 3,20 3,09 2358,500 ,346
Balance 3,06 2,84 2189,000 ,102
Laterality 1,20 1,19 2593,500 ,943
Body notion 2,74 2,62 2462,000 ,566
Estructuration espacial 2,00 1,85 2351,500 ,320
Global Praxia 1,94 1,83 2365,500 ,341
Fine Praxia 2,49 2,43 2472,500 ,599

Table 5. Comparison between groups of children with ADHD predominantly inattention of
the obtained results of the psychomotor profile factors

Comparing the motor skill factors among children diagnosed with ADHD and predominantly
inattention, the differences in the means are not statistically significant. It is noteworthy that in
relation to the psychomotor profile, it did not occur in these apraxic profile children and a

higher proportion of children with predominantly inattentive profile were normal.
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Variable X children who | X children who do U Sig. Bilat.
use medication | not use medication
Tone 3,00 2,91 1338,000 ,651
Balance 2,91 2,78 1287,000 443
Laterality 1,23 1,24 1400,500 ,895
Body Notion 2,91 2,46 918,000 ,004
Estructuration. Espacial 2,09 1,84 1142,000 117
Global Praxia 1,77 1,77 1396,000 ,895
Fine Praxia 2,56 2,36 1148,500 117

Table 6. Comparison between groups of children with ADHD predominantly combined of
the obtained results of the factors of psychomotor profile.

Comparing the motor skill factors among children diagnosed with ADHD predominantly
combined, the mean differences were not statistically significant in the body notion variable.
It is important to highlight in these children the apraxic profile and in a higher proportion
the children with combined prevalence obtained an excellent or hiperpraxic profile.

. Type of TDAH Total
Pharmachological Treatment Inattention I?’Il})rperactivity Combined
YES 57 35 22 114
NO 30 149 129 308
Value | gl Sig. asintotic (bilateral)
Chi-square of Pearson 83.237a | 2 .000
Reason of verosimilitude 75874 | 2 .000
Lineal per lineal association 60599 | 1 .000
N of valid cases 422

Table 7. Relation between consumption of medication and subtype of ADHD

The table above shows that there seems to be a relationship between the consumption of
medication and subtype of ADHD (p <0.00).

The data above show differences in mean scores achieved in the development of motor skills
developed by children clinically diagnosed with ADHD who use medication in relation to
the ones who do not, but these differences were statistically significant only for children
with Combined ADHD predominant factor in the notion of body (p <0.004), the other
factors and each of the subtypes were not found differences statistically significant.

(Pelham et al., 1990) examined the effectiveness of methylphenidate to improve the
performance of hyperactive children in the game of baseball. Although medication did not
enhance skills for the game, it produced significant effects on attention, so that involvement
in the activity was higher. In short, while psychostimulant medication did not make
children more skilled players, their teammates thought that they showed a better
disposition towards the game.

These results have a positive nature because, as suggested by Pelham et al (Pelham et al.,
1990), peers are more benevolent in judging a child who strives and makes mistakes for his
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clumsiness, than when a fellow is judged by errors made due to his uninterest for the game.
Papers published in recent years by the Multimodal Treatment Study of Children with
Attention Deficit / Hyperactivity Disorder (MTA Cooperative Group, 1999 confirm the
efficacy of psychostimulants in the treatment of ADHD.

In fact, a number of reports have shown that methylphenidate decreases in children with
ADHD their disobedience, their verbal aggression and their antisocial behaviors (Hinshaw
et al., 1993; Klein et al., 1997), it facilitates the standardization of their behavior in class
(Rapport et al., 1994) and it favors social interactions with classmates (Whalen y Henker,
1991). Similarly, other research has found improvements in the performance of children
with ADHD / C on homework such as math problems, word reading (Smith et al., 1998)
and quality of writing (Tucha y Klaus, 2001) the administration of methylphenidate.

4. Conclusion

In attempting to solve the objective of the study, it can be concluded that the psychomotor
profile of children diagnosed with ADHD is eupraxic and it is classified in the same
category as children who consume and don’t consume medication, and they are located in
the same profile for eupraxic healthy children, although their score is lower and the
performance levels of each factor are worse. Exceptionally, there were no differences in the
psychomotor profile of different factors, but in this case, it is also deficient in healthy
children. (Vidarte et al., 2009).

In general, studies of motor skills in children with ADHD are overly simplistic and marred
by methodological shortcomings. This makes it difficult to know precisely: motor behavior
of children with ADHD, the most appropriate type of exercise in improving such symptoms,
neurological and biochemical pathways through which explain the improvements made and
its effectiveness compared to other traditional treatments traditional, or as part of a
multimodal treatment.

It is therefore recommended to initiate a systematic process that allows the collection of
information on an ongoing basis and thereby make permanent monitoring to processes
conducted with multimodal intervention in children diagnosed with ADHD. The inclusion
of this condition in the policy of early childhood at national level, given its high prevalence
and the possibility of effective management in the beginning of school age.

5. Study limitations

The study limitations were: the absence of stratified sampling by sex and the low
participation of children studying in private institutions, this variable would have enable to
identify possible differences by socioeconomic status.
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1. Introduction

Methylphenidate is one of the drugs that has been shown to elicit behavioral sensitization
(1). Methylphenidate was synthesized by Ciba chemist Leandro Panizzon. His wife,
Marguerite, had low blood pressure and would take the drug as a stimulant before playing
tennis. He named the substance Ritaline, after his wife's nickname, Rita (2).

Its use has increased rapidly over the years and currently the drug is often prescribed for a
large span of ages from childhood through adolescence and up to adulthood, thus
facilitating the study of its effect on human physiology. Therefore, it there is an abundance
of opportunities to study its various effects on the human organism.

Methylphenidate is a piperidine derivative, structurally related to amphetamines and acts as
a CNS stimulant. Methylphenidate has been widely used since 1937 for numerous
indications including attention deficit hyperactivity disorder (ADHD), narcolepsy, cataplexy
(3) and conduct disorder (4) in children and adolescents as well as adults (4). Although it
has been indicated for ADHD since 1957 it has gained widespread use during the last two
decades (5). Methylphenidate was found to affect brain sterol metabolism in mice by
inhibition of the incorporation of its precursors, acetate and glucose, into the brain and by
reduction of the brain’s sterol levels (6). This reduction was found to occur within 24 hours
in the neuronal cellular membrane, the site of methylphenidate’s action (6).

2. Risk factors of atherosclerosis and cardiovascular disease

Atherosclerosis is a slowly progressive process starting at a young age (7). Therefore, many
effective measures are taken early in life to prevent future cardiovascular disease
worldwide, the most important being the awareness of a proper lifestyle, including physical
activity, a proper diet, and abstaining from drugs and habits that may increase the
likelihood of atherosclerosis through the development of different risk factors (e.g.,
hyperlipidemia).

Several reports (8-9) found no association between prolonged administration (1 to 4 years)
of methylphenidate to hyperactive boys regarding hematopoietic, endocrine (including
blood glucose levels), hepatic or cardiovascular function. This is wunlike the
hypercholesterolemic effect of various psychotropic medication (see below) that can cause
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hypercholesterolemia secondary to cholestasis(10). It is known that cholestasis can cause
hypercholesterolemia (10). Serum cholesterol appeared to be dominantly affected by
lipoprotein X. Intra-hepatic cholestasis leading to reflux of bile lipids into the blood stream
and subsequent formation of lipoprotein X appears to be the mechanism (11) underlying
this phenomenon .

2.1 Methylphenidate's toxicity

The therapeutic use of methylphenidate for the management of ADHD in children is
constantly increasing. As therapeutic use this increases the risk of unintentional overdoses,
medication errors, and intentional overdoses caused by abuse, misuse, or suicide attempts.
Side effects, which include nervousness, headache, insomnia, anorexia, and tachycardia
increase linearly with dose (3). Clinical manifestations of overdose include agitation,
hallucinations, psychosis, lethargy, seizures, tachycardia, dysrhythmias, hypertension, and
hyperthermia. Hepatotoxicity was reported in rodents (11). A possible mechanism is
inhibition of cytochrome p-450 (12). There are few reports about different organ failure.
These were manifested by abnormal liver function enzymes, poor urine output,
hypotension, tachypnea, tachycardia, abnormal blood gases, rising serum BUN and
creatinine, and hyperactive deep-tendon reflexes (13). Despite its abuse potential, there is
disagreement regarding the extent to which methylphenidate is being diverted from
legitimate use to abuse in children and adolescents.

Gontkovsky et al (14) reported a decrease of 26% in serum glucose values after
methylphenidate initiation in a patient post- cerebellar tumour resection.

Being a neurostimulant, the possible linkage of methylphenidate to the cardiovascular
system was investigated. The data are controversial. Samuels et al. (8) investigated the effect
of methylphenidate on blood pressure. Their study provided evidence for a possible
negative cardiovascular effect of the stimulant medication on children with ADHD. Vitiello
(15) did not find clinically significant changes in cardiovascular function in the majority of
cases investigated. However, Langendijk et al (16) in their review show an increase in blood
pressure and heart rate among adults treated with methylphenidate as being a risk factor for
cardiovascular event, and Rapport et al (17) described a transient increase in blood pressure
and heart rate among children treated by methylphenidate for ADHD. This was dose
dependent and easily rectified with dosage adjustment. Spivak et al (18) reported a
thrombocythopenia and decreased levels of norepinephrine, dopa and serotonine in
children treated for three months with methylphenidate which means inhibitory impact on
platelets activation.

Heart failure due to idiopathic dilated cardiomyopathy (DCM) is uncommon in young
people. Cocaine and amphetamines are known to have caused dilated cardiomyopathy (19).
There are very few reports linking methylphenidate therapy to DCM. Two reports from
Norway described serious cardiomyopathy in young patients treated with methylphenidate
(20-21). One of them was severly obese (BMI-40). An obesity-linked susceptibility to the
toxic effect of methylphenidate could, therefore, play a role in the development of DCM in
this patient. This is remarkable especially with regards to the short (one year) duration of
the treatment. With a BMI of 40 the above mentioned patient had suffered from extreme
obesity. The hyperdynamic circulation, with increased cardiac output, thought to be a
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compensatory adaptation to increased adipose tissue may, at the expense of left ventricular
hypertrophy and remodeling, lead to non ischemic dilated cardiomyopathy in severe obese
subjects (22, 23). This is, however, unlikely to be the only cause. Human obesity is also
characterized by sympathetic nervous activation (23). The concern is that methylphenidate
is the responsible agent. Although the number of patients treated with this drug is high, and
the reported cardiovascular side effects are few, scientists were concerned about the serious
long term results this side effect could have on children and young adults. No guidelines are
available to help identify individuals prone to cardiomyopathy due to central stimulating
drugs.

Cardiac adverse effects from methylphenidate have been shown to affect myocardial ultra-
structure in rats. This effect was irreversible after 12 weeks (24, 25). Methylphenidate is a
drug which stimulates the central nervous action and produce similar effects as
amphetamines. Both drugs increase synaptic and intracellular norepinephrine and
dopamine in rodents and baboons (25, 26). For amphetamine the mechanism has been
shown to trigger both an increased release of catecholamines and blocking their synaptic
reuptake and degradation (26-27). It is the increase in adrenergic action that is believed to be
cardiotoxic over time and promote cardiomyopathy (24, 28). This can be understood by the
observation that, in transgenic mice, myocardial over expression of beta-adrenergic
receptors was associated with myocyte apoptosis and the development of dilated
cardiomyopathy (27, 29).

3. Methylphenidate and dyslipidemia

In many cases methylphenidate is prescribed for extended periods of time, usually starting
from childhood or adolescence. Therefore, in the long run any metabolic consequence of the
treatment might be deleterious, especially when atherosclerosis is considered. From this
perspective, it seemed essential to substantiate the potential of methylphenidate to affect
lipid profile. In order to evaluate this, we first looked into the possibility that other
psychotropic drugs have an impact on cholesterol and tryglicerides.

Hyperlipidemia is one of the major risk factors for atherosclerosis and cardiovascular diseases
(30, 31). The causes of lipid metabolism abnormalities are mainly genetic. Established causes
for secondary dyslipidemia include inappropriate lifestyle, liver disease, renal disease and
thyroid disease (7, 9). The various drugs that are known to affect lipid metabolism include
hormones (glucocorticoids, estrogens and androgens), beta-blockers, and diuretics (3, 7, 32-40).
Several psychotropic drugs were reported to cause secondary hyperlipidemia, especially
carbamazepine, phenobarbital, tricyclic antidepresants (in particular amitriptyline), second-
generation antipsychotic medication, mainly olanzapine but also risperidone and ziprasidone.
In their extensive review Ruetsch and co-writers elaborate on weight gain induced by
psychotropic medications (38). According to this and many other reports weight gain is the
mainstay of the psychotropic pharmacological induced hyperlipidemia. Weight gain was
found to induce dyslipidemia in correlation with dosage and duration of treatment (38). In
addition to increased total cholesterol and low-density lipoprotein cholesterol (LDL-c) there
was also a tendency to elevate blood pressure levels and thus enhance the impact on the
development of atherosclerosis (31-34)., These can aggravate health risks, including higher rate
of coronary heart desease, ischemic stroke due to impaired glucose tolerance, diabetes
mellitus, dyslipidemia, respiratory problems.
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Weight gain appears to be most prominent with some mood stabilizers (e.g. lithium,
valproate, 34-38). According to current concepts, appetite and feeding are regulated by a
complex of neurotransmitters, neuromodulators, cytokines and hormones interacting with
the hypothalamus, including leptin and tumor necrosis factor system (37-39). The
pharmacologic mechanisms underlying weight gain are presently poorly understood:
possibly the various activities at some receptor systems may induce it, but also genetic
predisposition plays an important role. In addition the insulin-like effect of lithium is well
known.

Weight gain has been described since the discovery and the use of the first psychotropic
drugs, but seems to intensify especially with some of the second generation antipsychotic
medications. Understanding of the side effects of psychotropic drugs, including their
metabolic consequences (weight gain, diabetes, dyslipidemia) is essential in order to avoid,
firstly, a risk of lack of compliance with the ensuing risk of relapse and re-hospitalization,
and secondly, the acute, life threatening events (diabetic ketoacidocetosis and non ketotic
hyperosmolar coma) and long term risk complications of diabetes and overweight (31,37,39).

Many psychotropic drugs (especially methylphenidate) were designed to be started early in
childhood in order to improve various target organ, cognitive and neuropsychiatric
functions. These medications appeared to be very potent and significantly changed life
quality, which led to their widespread use all over the world (5). This medications are often
continued for a long periods (years) and may cause unfavorable metabolic effects. Rader
and Hobbs (40) reported that some of these drugs affect lipid and lipoprotein metabolism
and increase or decrease atherogenicity.

Methylphenidate is the most abundantly used medication for the treatment of ADHD in all
ages worldwide (5). It is well known that methylphenidate has an effect on intracellular
cholesterol in the brain, but to date its effect on plasma lipid metabolism has been studied to
a limited extent in clinical setting (6, 41). We recently published the results of a randomized
study that examined the effect of methylphenidate on blood lipid levels (42). A total of 42
outpatients with an established diagnosis of ADHD were studied. The baseline
characteristics of the study group are presented in Table 1. There were 22 males and 20
females whose median age was 16 years (range 11-31). Table 2 displays the differences in the
examined parameters before and after a 3 month treatment by methylphenidate. BMI didn't
change during the study period. Significant decrease was found in total cholesterol, LDL- c
and tryglicerides levels. Non significant changes were seen in HDL-c, apolipoprotein A and
apolipoprotein B levels. The changes in Lp (a) unexpectedly turned out to be statistically
significant. There were no gender- based differences in any of these parameters after
adjustment according to age, nor any correlations between the lipid parameters.

This is the first investigation into the impact of methylphenidate on plasma lipid profile and
atherosclerosis. The results of the current study showed that methylphenidate has a
significant and positive impact on the lipid and lipoprotein profile with regard to
atherosclerosis. It significantly decreases total cholesterol, triglycerides and the main
atherosclerotic lipoproteins, LDL-c and Lp(a). There is no good explanation of lipid
lowering mechanism. However, in contrast to other psychotropic medication it didn't cause
weight gain. The possible explanation: amphetamine related agents-(including
methylphenidate) increase synaptic dopamine by stimulating presynaptic release of the last
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Variable . Lower Upper
Median quartlile quartlile

Age (years) 16 14 22
Males 52%

BMI 22 20 24
T-Chol(mg/dl) 157 142 179
HDL-C(mg/dl) 51 45 64
LDL-C(mg/dl) 93 74 114
Trigl(mg/dl) 76 58 100
Apo A(mg/dl) 122 109 137
Apo B(mg/dl) 71 56 83
Lp(a)(mg/dl) 23 9 40

BMI body mass index ; HDL-C, high density lipoprotein;
LDL-C, low density lipoprotein; Apo A, apolipoprotein A
Apo B, apolipoprotein B; Lp (a), lipoprotein (a).

Table 1. Patient characteristics (n = 42)

Variable Median Lower quartle  Upper quartle p*=
ABMI 0 0 0.3 0.24
A T-Chol (mg/dl) -9 -15 -3 0.0002
A HDL-C(mg/dl) 2 0 4 0.1
ALDL-C(mg/dl) -5 -8 1 0.016
A Trigl(mg/dl) -8 -15 -3 0.016
A Apo A(mg/dl) -4. -12 7 0.16
A Apo B(mg/dl) -2 -5. 5 0.6
A Lp(a)(mg/dl) -2 -5 0 0.0007
AnonHDLC(mg/dl) -11 -18 -2 0.0001

A-difference
* Based on Wilcoxson test.

Table 2. Differences in lipid profile and BMI parameters before and after the treatment by
methylphenidate.

and cause an anorexigenic effect by changes in hypothalamic monoaminergic activity and in
the anorexigenic cocaine-amphetamine -regulated transcript neuropeptide ( CART)
expressed in the paraventricular nucleus and hypothalamic perifornical nucleus (43, 44).

Conclusion: the presented data support some positive effects on lipid profile by decreasing
total cholesterol, triglycerides, LDL-c and Lp (a). No conclusions could be reached concerning
atherosclerosis.

4. Limitations

These conclusions are tentative because of the large rate of early drop outs from the studies,
which may limit the validity of the results. The study was performed on a relatively small
number of patients (42 patients) mostly teenagers. There is not enough data about impact of
methylphenidate on adult population. The reported short term study, conducted for three
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months, showed positive effects on lipid profile. However it doesn't allow us to predict
whether this effect will persist and whether atherosclerosis will develop.

Further, large, well-designed trials are necessary to establish the different metabolic effects
of methylphenidate
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1. Introduction

The number of children worldwide diagnosed with ADHD increases every year. As
information about the medical risks associated with ADHD medication is becoming more
widely understood, it is not surprising that large numbers of parents are seeking alternative
therapies as a response to concerns about the physiological and psychological effects of the
drugs.

A growing number of clinicians also support alternative therapies, arguing that an emphasis
on medical therapy alone focuses only on control of symptoms, rather than attending to the
need for children to develop important behavioral and social skills (Zametkin, & Ernst, 1999).

While the use of alternative approaches such as yoga, meditation, exercise, special diets, and
nutritional supplements for treating children with ADHD is becoming widespread, little is
known about the effectiveness of many of these approaches. There is a growing body of
research on the beneficial effects of meditation on health risks, psychosocial factors, and on
brain development. However there is little published research about the use of meditation
for ADHD.

2. Stress, anxiety and ADHD

ADHD is associated with impaired executive function, specifically brain circuitry governing
behavior (Bush, et al., 2005; Durston, et al., 2004; Zametkin, et al., 1993). Dysfunction of these
circuits leads to impulsivity and lack of normal social inhibition. It also leads to impaired
working memory, inability to focus attention, and impaired temporal organization.

Stress interferes with executive function and behavior regulation (McEwen, 1998). Stress-
impaired executive function is associated with impaired working memory, impaired
impulse control, and lack of mental flexibility and coping strategies. Stress also dramatically
compromises selective attention and the ability to sustain attention (Lupien, et al., 2005).
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In comparing symptoms of stress and symptoms of ADHD, there is a striking similarity.
Recent research sheds light on the relationship between stress and ADHD. Vance, et al,,
demonstrated dysfunction of the right prefrontal regions of the brain in ADHD children
(2007). This region is responsible for developing coping strategies, influencing the ability to
handle stress. Chronic acute stress damages the body's ability to return to non-stress levels,
leading to chronically elevated levels of cortisol, a biochemical marker of stress. In children
with ADHD high cortisol levels impair executive function, self-regulation, and letter
knowledge (Blair, Grange, & Razza, 2005).

Chronic stress can originate not only from emotional causes but can also result from
physical origins. Studies of premature birth and birth weight show an association between
physical stress and risk of ADHD. Danish researchers found that babies born prematurely
had up to 70% greater risk of ADHD. Similarly, babies born of low birth weight had 50-90%
greater risk of ADHD, depending on the weight at birth (Linnet, Wisborg, Agerbo, Secher,
Thomsen, & Henriksen, 2006).

Early experiences of stress are believed to affect the level of responsiveness of the
hypothalamic-pituitary-adrenal axis and the autonomic nervous system. Young children
exposed to chronic stress can become conditioned to higher levels of adrenaline. This raises
the “set point,” making these children more vulnerable to stress, resulting in situations more
easily triggering stress responses.

3. Pharmaceutical treatment

The United States Centers for Disease Control and Prevention estimates that over 66% of
children diagnosed with ADHD are taking medication (CDC, 2008). The agency states,
however, that concern persists regarding the side effects and long-term health outcomes
associated with these drugs (CDC, 2005).

Further, the long term effectiveness of pharmaceutical treatment is mixed. The largest study
conducted on ADHD treatment was the Multimodal Treatment Study of Children with
ADHD, referred to as the MTA, published in 1999, which reported effectiveness of drug
treatment (MTA Cooperative Group, 1999). However follow-up studies at three years and
eight years, reported no significant differences in symptoms among the children who
received the intensive drug treatments and those who did not (Molina, et al. 2009; Jensen, et
al. 2007). Additionally, those on the drug regimens had significantly higher rates of
delinquency and substance use (Molina, Flory, Hinshaw, Greiner, Arnold, & Swanson,
2007).

Persistent and negative side effects of the drugs include sleep disturbances, reduced
appetite, weight loss, suppressed growth, and mood disorders. The long-term effects are not
fully known at this time; however evidence suggests risks of cardiac disorders and sudden
death, liver damage, and psychiatric events. The side-effects and long-term health outcomes
associated with the drug treatment have potentially important health implications for the
millions of children who are currently taking medication for ADHD (CDC, 2005).
Consequently, there is a growing interest in alternative treatment options, such as
nutritional approaches, meditation, and yoga.
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4, Meditation

There are many systems of meditation, which differ widely from one another in their
procedures, content, beliefs, and goals. Research has shown that the different techniques
have different subjective and objective effects. Meditation types have generally been
classified into two categories: techniques of concentration or techniques of contemplation
(Shapiro, 1982). Each of these different techniques uses different processes and thus has
different effects (Orme-Johnson, & Walton, 1998; Shear, 2006).

Most recently, Travis and Shear (2010) identified three types of meditation practices,
classified according to their EEG signatures and the corresponding cognitive processes. The
three classifications are focused attention, open monitoring, and automatic self-
transcending.

Techniques of focused attention are concentration techniques, and are associated with
voluntary sustained control of attention to keep it focused on the object of meditation, such
as an event, image, or sound. The brain activity during concentration meditations is
characterized by EEG in the beta-2 (20-30 Hz) and gamma (30-50 Hz) frequency bands.
Open monitoring or mindfulness-based techniques, involve dispassionate non-evaluative
monitoring of ongoing experience. These techniques are characterized by frontal theta (5-8
Hz) EEG, and perhaps occipital gamma (30-50 Hz) EEG. Automatic self-transcending
meditation is defined as effortless transcending of the meditation process itself (Travis &
DuBois, 2004; Travis & Shear, 2010). EEG activity of an automatic self-transcending
technique is associated with alpha-1, characteristic of reduced mental activity and
relaxation.

Research has shown improvements in attention and flexibility among a study group that
was using various different forms of meditation (Rutschman, 2004), and in ADHD
symptoms using Sahaja yoga meditation, a form of contemplative or open monitoring
meditation (Harrison, Manocha, & Rubia, 2004).

The Transcendental Meditation technique falls into the category of automatic self-
transcending. Concentration and open monitoring meditations both require some mental
effort (i.e., holding attention on its object or maintaining a stance of open monitoring,
respectively). The Transcendental Meditation technique is said to automatically lead to the
experience of “consciousness itself,” awareness without any objects of awareness, a low-
stress state called transcendental or pure consciousness (Travis & Pearson, 2000).

It is described as a simple and effortless, non-religious mental technique that is easy to learn,
and does not require the ability to concentrate or control the mind. Regular practice of the
technique creates a state referred to as "restful alertness." The term reflects a combination of
markedly decreased metabolism, heart rate, respiration rate, and blood flow to the limbs,
similar to deep rest or sleep; while at the same time mental alertness is maintained, as
measured by EEG (Dillbeck, & Orme-Johnson, 1987; Jevning, Wallace, & Beidebach, 1992;
Orme-Johnson, 1973; Travis, & Wallace, 1999; Wallace, 1970).

EEG measurements also show increases in brain coherence both during the practice of the
Transcendental Meditation technique and afterwards in activity (Travis and Shear 2010;
Dillbeck & Araas-Vesely, 1986; So & Orme-Johnson, 2001). The primary areas of brain
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activated during the practice are the frontal and prefrontal executive areas responsible for
attention, executive function, emotional stability, and anxiety (Dixon, et. al., 2005; So, 2001;
Fergusson, 1993; Gaylord, Orme-Johnson, & Travis, 1989).

Positive effects of the Transcendental Meditation technique extend to the noradrenergic
networks (Jevning, Wallace, & Beidebach, 1992; Jevning, Wilson,& Davidson, 1978;
MacLean, Walton, Wennenberg, et. al., 1997, Walton, Gelderloos, & MacRae, 1995). The
practice of the technique results in a decrease in the stress hormone cortisol, both during
meditation and longitudinally, outside meditation during activity. Practice of the technique
increases serotonin availability, improving mood and reducing the activation of the brain
centers for fear, anxiety, and anger.

The use of the TM 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 (Barnes, Bauza, & Trieber, 2003). Students
practicing the TM technique show higher performance on scales of self-actualization
(Alexander, Rainforth, & Gelderloos, 1991), increased emotional regulation, and improved
well-being (Rosaen & Benn, 2006), as well as improved academic performance.

This chapter describes two research studies examining the effects of the Transcendental
Meditation technique in reducing stress, improving the symptoms of ADHD, and
improving brain coherence and executive function.

5. Pilot study

The Transcendental Meditation technique was selected for an exploratory study to evaluate
whether regular practice of the technique by children ages 11 to 14 with ADHD would result
in improvements in stress , behavioral symptoms, and executive function.

5.1 Subjects

The study was conducted at an independent school for children with language-based
learning disabilities. Participation in the study was restricted to students with pre-existing
diagnoses of ADHD. The cohort was 10 students ages 11-14, nine boys and one girl. All had
a diagnosis of ADHD, six with inattentive-type and four with combined-type. Six students
had comorbidities including general anxiety disorder, dysthymia, obsessive compulsive
disorder, pervasive developmental disorder, sleep disorders, and tics. Eight students were
taking stimulants (e.g. Concerta, Ritalin); three of those were also on other medications such
as antidepressants (e.g. Zoloft, Welbutrin) and atypical antipsychotics (e.g., Risperdal). By
virtue of attending the school, all students had language-based learning disabilities.

5.2 Measures

Data collection was divided into two categories to correspond to the primary and secondary
hypotheses: 1) measures of stress, anxiety, ADHD symptoms as reported by parent, teacher,
and student inventories, 2) measures of executive function as measured by parent and
teacher inventories, and by performance tests. Anecdotal information was collected by
informal video interviews at pre- and post test times.
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5.2.1 Stress, anxiety, and ADHD symptoms

Teachers and parents completed the Achenbach Child Behavior Checklist (CBCL) inventory,
which is validated as diagnostic of ADHD based on criteria defined in the Diagnostic and
Statistical Manual of Mental Disorders, fourth edition (DSM-IV). The CBCL is one of the
most widely-used measures in child psychology, assessing behavior and social competency.
It is composed of 112 items, each differentiating clinical from non-clinical children.
Summarized in two categories: Syndrome Scales and DSM-Oriented Scales, the CBCL
provides eight symptom subscale scores and a Total Problem score.

Students completed the self-administered Achenbach Youth Self-Report (YSR) and the
Revised Children's Manifest Anxiety Scale (RCMAS) to assess overall behavioral and
emotional functioning. The YSR is a companion to the CBCL, providing parallel measures
from the teachers, parents, and students. Like the CBCL the YSR has 112 items measuring
eight subscale symptoms categorized under Syndrome Scales and DSM-Oriented Scales,
and a Total Problem score. The RCMAS is a 37-item self-report instrument assessing the
level and nature of anxiety in children and adolescents.

5.2.2 Executive function

Teachers and parents completed the Behavior Rating Inventory of Executive Function
(BRIEF). The BRIEF consists of 86 items divided into eight subscales. These scales form two
broader indices: Behavioral Regulation and Metacognition. These two indices are combined
to create an overall Global Executive Composite score. The BRIEF assesses behavior
regulation and executive functioning.

Four performance tests were used to measure different aspects of executive function. The
Cognitive Assessment System (CAS) Expressive Attention, Delis-Kaplan Executive Function
System (D-KEFS) Verbal Fluency test, Tower of London (TOL), and Connor’s CPT II.

The CAS Expressive Attention subtest is a color-word interference test. It measures higher
level complex attention, and ability to inhibit. Names of colors are presented in ink colors of
either the name of the color or a different color. When the color of ink is different from the
color name the task requires attention, inhibiting the reflexive response, and cognitive
processing (switching) to say the correct color.

The D-KEFS Verbal Fluency subtest measures the ability to generate words fluently,
generate words in specific categories, and shift attention by switching from one category to
another. The student is asked to list as many words as possible starting with a certain letter,
to name as many items in a category, and to name items switching from one category to
another.

The TOL measures higher order problem-solving, and is used to evaluate difficulties in
executive function. Subjects are shown a configuration of colored balls stacked on pegs. The
subject executes a sequence of moves that transforms his or her board to match the
displayed configuration with the balls arranged on the designated pegs.

The Connors' Continuous Performance Test (CPT) II is a computerized test that measures
sustained attention. The subject is presented stimuli on a computer screen (e.g., a letter or
asterisk) and is asked to respond by pressing a button only when detecting a specified letter
after seeing another specified letter.
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5.3 Procedure

Six weeks before the start of the intervention, two classroom teachers and two
administrators at the school were instructed in the Transcendental Meditation technique, in
the same way the students would be (see below). The instruction in Transcendental
Meditation is standardized and all practitioners around the world are instructed in the
identical way, thus assuring consistency in instruction and in practice of the technique.

Following completion of baseline assessments, students were provided the standard 7-Step
course of instruction in the Transcendental Meditation technique (see 5.4 below). All 10
children in the group were able to learn the TM technique, and practice it successively as
evidenced during the morning and afternoon TM sessions and by responses to course
assessment questionnaires.

Over the 3-month study period, subjects participated in customary follow-up checks of
correct meditation, which is standard with the instruction of the technique. Students
meditated at school in a group for 10 minutes twice each day, once in the morning and once
in the afternoon. The classroom teachers who had also learned TM led the students in twice
daily meditation sessions at the school, telling students when to begin and end meditation,
and timing the meditation. The Certified TM teachers monitored the group meditation two
or three times a month to assure correct group meditation.

Parents were encouraged to have students continue regular meditation at home on
weekends and holidays. Home compliance was not rigorously monitored.

5.4 Intervention: The Transcendental Meditation technique

The Transcendental Meditation technique is a mental technique practiced for 10-20 minutes
twice each day, sitting in a chair with eyes closed. The technique is taught by certified
Transcendental Meditation teachers. The 7-Step course of instruction involves two
informational lectures (Steps 1 and 2), a brief interview with the TM instructor (Step 3),
individual personal instruction (Step 4), which is followed by three days of verification of
practice and additional information (Steps 5-7). The interview is about 10 minutes, while the
remaining steps are approximately one hour each day. Each step can be conducted in a
group except Step 4, which is conducted individually, one-on-one. Periodic meetings with
the student assures correct practice and reinforces regularity of the practice.

During the course of instruction, the student learns how to let the mind move from active
focused levels of thinking to silent, expanded levels of wakefulness at the source of thought,
without concentration or effort (Travis, 2001).

After the personal instruction, students in the study meditated in a group at the beginning
of the first period in the morning and the beginning of the last period in the afternoon.
Meditation sessions were led by a school faculty member also instructed in the TM
technique. A certified TM teacher periodically monitored group meditations, and met with
students individually as needed to assure correct practice as described above. Three months
after instruction, post testing was administered.

5.5 Results

Variables were grouped into two conceptual categories to correspond to the hypotheses.
One grouping, stress, anxiety, and ADHD symptoms, included the associated variables from



ADHD and Stress:
The Role of Meditation to Reduce Stress, and Improve Brain Function and Behavior Regulation 201

the YSR, RCMAS, and CBCL. The second grouping, executive functioning, included the
responses from teachers on the BRIEF, and the data from the performance tests. Analysis
was conducted on measures for which there was complete data (N=10).

Parent inventories and CPT scores were not included in the analysis because fifty percent of
the parent post test inventories were not returned, and thirty percent of students had
already left school for summer break at the time of CPT post testing.

Raw scores were used for all analyses except performance tests, which were converted to
standard scores using the tables provided in the test manuals. Repeated measure
MANOVAs were used to test for significant pre-posttest differences.

5.6 Stress, anxiety, and ADHD symptoms

From the YSR, the variables selected for analysis were Anxious/Depressed, Withdrawn/
Depressed, Affective Problems, Anxiety Problems, Attention Problems, ADHD Problems,
and Total Problems (Table 1). Added to these variables was the single result of the RCMAS.
The analysis yielded significant improvement of symptoms from pretest to post test
F(1,9)=4.7, p=.0285.

The same measures analyzed from the YSR were selected for analysis of the teacher reported
CBCL. Teacher results corroborated student reported significant reductions in symptoms,
F(1,9)=6.5, p=.0155.

Student Teacher

Pretest Post Test Pretest Post Test
Symptom Mean | SD | Mean | SD | ES Mean | SD | Mean | SD ES
Anxious/ 57| 36| 27¢| 37| 8 10.2| 64| 56* 36| 7
Depressed
Withdrawn/ - 4 g 571 39 30| 3 43| 38| 36| 40| 2
Depressed
Affective 58| 34| 417 25| 5 50| 37| 36| 36| 4
Problems
Anxiety 32| 20| 16| 19| 8 37| 35| 21| 24| 5
Problems
Attention 70| 40| 52¢| 35| 5 236| 105 2| 11.0] 2
Problems
ADHD 54| 29| 43| 27| 4 124 57| 17| 57| 3
Problems
Total 525| 25.6|  40¢| 27.4| 5 631| 248 56*| 312 3
Problems

* p <.05. **p< .005 ES=Effect Size
Table 1. Achenbach Youth Self Report, Stress, Anxiety, and ADHD Symptoms

5.7 Executive function

The BRIEF includes 3 composite measures: Behavioral Regulation Index, Metacognition
Index, and General Executive Composite. The Global Executive Composite is composed of
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the Behavioral Regulation Index and the Metacognition Index. A repeated measures
MANOVA of the General Executive Composite indicated significant improvement in
executive function from pretest to post test, F(1,9) = 5.5, p = .022. Repeated measures
MANOVA on the scales comprising the two indices also were statistically significant:
Behavioral Regulation Index (Inhibit, Shift, and Emotional Control), F(1,9) = 23.7, p <.00001;
and Metcognition Index (Initiate, Working Memory, Planning, Organize Material, and
Monitoring), F(1,9)=13.7,p=.0025. Table 2 presents the pre- and post test means and standard
deviations for the individual scales associated with each index.

The Tower of London was omitted from analysis because the assessment has been found to
be less consistent than other measures in distinguishing specific effects associated with
ADHD from those related to learning disorders (Sergeant, Geurts, & Oosterlaan, 2002).

Pre-Test Post Test
Scale Mean SD Mean SD

Behavioral Regulation .

Index (BR) & 54.1 16.9 46.4 132
Inhibit 19.0 6.9 17.1* 6.5
Shift 18.5 5.3 15.5 3.9
Emotional Control 16.6 6.7 13.8* 43

Metacognition Index (MI) 94.8 32.1 85.3 23.2
Initiate 15.1 3.7 13.2* 3.2
Working Memory 22.8 4.2 20.1* 5.3
Plan/Organize 21.8 4.4 20.6 5.5
Organization of Materials 14.6 49 13.2 5.0
Monitor 204 5.9 18.2* 45

General Executive

Composite (GEC) 151.6 37.7 131.7% 33.1

*p<.05

Table 2. Teacher Behavior Rating Inventory of Executive Function (BRIEF)

The performance measures analyzed were the CAS and the D-KEFS (Table 3). The CAS
scores of Expressive Attention and Accuracy Ratio were combined with the D-KEFS scores
for Category Fluency and Category Switching. A repeated measures MANOVA vyielded a
significant improvement in scores on these performance measures from pre to posttest,
F(1,9)=5.0, p=.026.

Pre-Test Post Test
Measure =
Mean SD Mean SD
CAS Expressive Attention 36.10 10.63 44.70* 13.59
CAS Accuracy 37.70 221 39.40% 1.27
D-KEFS Category Fluency 25.10 7.83 28.70 7.61
D-KEFS Category Switching 8.30 3.19 9.60 2.63

*p<.05.

Table 3. Performance Measures
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6. Randomized controlled trial of brain function

To further understand the effects of the Transcendental Meditation technique on children
with ADHD, a second study explored improvements in brain coherence and brain
development. The purpose was to provide insight into the underlying mechanisms of
observed changes. A randomized controlled trial examined the EEG coherence, theta/beta
ratio, and executive function.

EEG studies report decreased activation in ADHD populations in parietal areas of the brain
that weave sensory input into concrete perception (Silk et al.,, 2005), higher density and
amplitude of theta activity (di Michele, Prichep, John, & Chabot, 2005; Janzen, Graap,
Stephanson, Marshall, & Fitzsimmons, 1995), and lower density and amplitude of alpha and
beta activity (Barry, Clarke, & Johnstone, 2003). Theta/beta power ratios are highly
correlated with severity of ADHD symptoms (Monastra, Lubar, & Linden, 2001; Monastra et
al., 1999).

During memory tasks, theta EEG is generated in the hippocampus and is thought to block
out irrelevant stimuli during memory processing. In ADHD subjects, greater theta activity
may block out relevant as well as irrelevant information.

Another brain marker of ADHD is EEG coherence, a measure that reflects the number and
strength of connections between different brain areas (Thatcher, Walker, & Giudice, 1987).
In children diagnosed with ADHD, coherence in all frequencies is reported lower (Barry,
Clarke, McCarthy, & Selikowitz, 2007, 2009). Alpha coherence is thought to play an
important role in attention and consciousness.

6.1 Subjects

As in the previous study, the subjects were students at an independent school for children
with language-based learning differences. Eighteen students were stratified by age, and
randomly assigned to learn TM immediately (TM Group: 6 boys, 3 girls, average age 12.9 +
1.3) or learn TM in three months (Delayed-Start Group: 7 boys, 2 girls, average age 13.0 +
1.6). Co-morbidities included General Anxiety Disorder (3 subjects), Obsessive Compulsive
Disorder (1 subject), and Autism (3 subjects). In each group, five of the nine subjects were on
ADHD medication.

6.2 Measures
6.2.1 Executive function

The Delis-Kaplan Executive Function System (D-KEFS) Verbal Fluency and the Tower of
London were used to replicate the previous study. Inventories included the BRIEF, the
Achenbach Child Behavior Checklist, and the Spielberger State Trait Anxiety Scale.

EEG was recorded during a computer-administered paired choice reaction-time task to
calculate theta/beta ratios and patterns of EEG coherence. The task began with a display on
a computer screen of a one- or two-digit number, followed by a blank screen, then another
one- or two-digit number. Subjects were asked to press a left- or right-hand button to
indicate which number was larger in value.
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6.3 Results

The primary analysis tested differences from baseline to the 3-month posttest. The
Transcendental Meditation group practiced the TM technique for three months along with
the curriculum designed for children with language-based learning disabilities; the delayed-
start comparison group received only the curriculum at the school. In this analysis two
repeated measures MANOV As were conducted — psychological and performance variables
in one, and coherence in the other—and an ANCOVA of theta/beta ratio differences,
covarying for pretest scores.

A secondary analysis of the delayed-start group compared differences from baseline to the
3-month posttest , when these subjects were not yet meditating, to differences from the 3-
month to the 6-month posttest, when these subjects were meditating.

6.3.1 Theta/beta ratios

The ANCOVA of theta/beta differences, covarying for pretest scores yielded significant
decreases in theta/beta ratios in the TM group (F(1,17) = 4.7, p = .05). The average
theta/beta ratio seen in normal populations is 3. At pretest, both groups were well above
average (TM=9, delayed-start=10.2). At the 3-month post test, theta/beta ratios increased in
the delayed-start (11.9) group, while the TM subjects moved closer to normal values (7.6). At
the 6-month post test, after both groups were practicing the TM technique, theta/beta ratios
decreased in both groups (TM=4.9, delayed-start=7.6).

For the delayed start group, theta/beta ratios also significantly decreased from the 3-month
to 6-month posttest (-4. 3) compared to baseline to 3-month posttest (1.3) (F(1,8) =5.1, p =
.053), representing the results of three months practice of the technique.

6.3.2 Coherence maps

Coherence maps during pretest, 3-month, and 6-month posttests were averaged within each
group and subtracted: coherence at 3-month posttest minus coherence during pretest for the
delayed-start and TM group who had been meditating for 3-months; and 6-month posttest
minus 3-month posttest in the delayed-start group after they had been meditating for 3-
months. These coherence difference maps present coherence in theta (5.0-7.5 Hz), alpha (8.0-
12 Hz), betal (13-20 Hz), and gamma bands (20.5-50 Hz).

Coherence maps (Figure 1) show few sensors with higher coherence in the delayed-start
group at the 3-month posttest compared to their pretest values (top row). In contrast, there
were many frontal and parietal areas with higher coherence in the TM group at 3-month
posttest compared to pretest values (middle row); and there were many frontal and parietal
areas with higher coherence in the delayed-start group at the 6-month posttest compared to
the 3-month posttest values (bottom row).

6.3.3 Executive function

The Delis-Kaplan Executive Function System (D-KEFS) Verbal Fluency and the Tower of
London were used to replicate the previous study. Inventories included the BRIEF, the
Achenbach Child Behavior Checklist, and the Spielberger State Trait Anxiety Scale. However
not enough inventories were returned to provide sufficient complete data for analysis.
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Three coherence-difference maps are presented in this figure. In the top row is coherence during the 3-
month posttest minus baseline coherence for the delayed-start subjects. The middle row is coherence
during the 3-month posttest minus baseline coherence for the TM subjects. The bottom row is coherence
during the 6-month posttest minus 3-month posttest for the delayed-start subjects, who had been
meditating over this time.

Fig. 1. Coherence maps

6.3.3.1 Tower of London

There were no significant differences between groups from pretest to post test for the
Tower of London. There appears to have been significant learning effects in subjects in
both groups on this test. As mentioned above, The Tower of London has been found to be
less consistent than other measures in distinguishing specific effects associated with
ADHD from those related to learning disorders. Consequently this may not be a useful
measurement for a population that also has established learning disorders, as was the case
in these studies.

6.3.2.2 D-KEFS verbal fluency

There were significant increases from pretest to 3-month posttest in Letter Fluency for the
TM group (F(1,15) =7.7, p = .017), and no significant group differences on other components
of the Verbal fluency test.
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There were also significant increases in D-KEFS in the delayed-start group after they learned
TM compared to the time from baseline to the 3-month posttest (F(1,8) =7.8, p = 0.024).

7. Discussion

Stress and anxiety can overwhelm and lessen the effectiveness of the individual.
Anxiousness contributes to poor impulse control, inability to sustain attention, impaired
working memory, and lack of cognitive flexibility. This raises the question as to whether, in
some cases, it is the symptoms of stress and anxiety that are being diagnosed as ADHD.
Whether these problems are a result of ADHD or are the cause of ADHD-like symptoms,
these studies suggest that reducing stress and anxiety by the Transcendental Meditation
technique can potentially reduce ADHD symptoms and improve executive function.

Compared to other meditation techniques, the Transcendental Meditation technique may be
particularly suited to children with ADHD. It is easy to learn and is learned in less than an
hour. The technique does not involve controlling the mind; and once learned requires no
other time investment than the 10-15 minute sessions twice a day. Yet changes in the brain
are seen within a short time.

The Transcendental Meditation technique can be done anywhere one can sit and close the
eyes. Therefore it is portable, and a personal means of self-regulation for ADHD children.
To maximize the benefits, the recommended routine is one meditation session in the
morning and one in the late afternoon, every day. Incorporating the TM program in a school
setting, as was used for these studies, provides an excellent means of maintaining regularity,
benefiting not only the students but also the school. Teachers’ anecdotal comments revealed
that teachers were able to teacher more; and the students were able to learn more because
they were less stressed and anxious.

With recent research showing reduced ability to cope with stress and slower brain
development in ADHD children, a technique that can positively affect both of these factors
can be a valuable resource for treatment of ADHD. The technique does not conflict with
other cognitive or behavioral approaches, or with medication. With less stress and anxiety,
the child may be more responsive to other interventions, potentially increasing their
effectiveness.

Both studies were small, therefore we cannot infer strong cause and effect relations between
TM practice and reduction in ADHD symptoms. However, the first study included a
number of objective performance tests of attention and executive function to support self-
report inventories that are commonly used to diagnosis ADHD. This allowed for within-
study corroboration of results. The second study provided a strong study design of a
randomized controlled trial.

Both the psychosocial improvements and improved brain function seen in these studies are
consistent with previous research on the Transcendental Meditation technique. Psychosocial
research shows reduced anxiety, increased emotional regulation, and improved social
behavior in non-ADHD students. Studies of the effect of the TM technique on executive
function show increased frontal brain coherence, associated with more effective executive
functioning, improved attention, greater emotional stability, and decreased anxiety.
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These results suggest that further research is warranted to assess the impact of
Transcendental Meditation practice as a potential treatment option for ADHD, either alone
or as adjunct treatment. It would be valuable to replicate the results with larger groups, and
further study improvements in brain coherence and brain development to gain insight into
the underlying mechanisms of observed changes.

8. Conclusions

The initial pilot study represents the first systematic study of the effects of the
Transcendental Meditation technique on the symptomatology of ADHD. The results
indicate that Transcendental Meditation practice 1) can be learned and successfully
practiced by children with ADHD, 2) has the potential to reduce stress, anxiety, and stress
related ADHD symptoms within three months, and 3) can result in improvements in
executive function.

In the random assignment study, three months practice of the TM technique resulted in 1)
significant decreases in theta/beta ratios, 2) significant increases in theta coherence, and
trends for increases in alpha and beta coherence during tasks, and 3) significant increases in
Letter Fluency. The single-group within analysis yielded similar decreases in theta/beta
ratios and increases in Letter Fluency after the delayed-start group learned TM.
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1. Introduction

Attention Deficit Hyperactivity Disorder (also referred to as ADHD) depicts a very common,
chronic, neurobiological, medical, brain-based, behavioural disorder (Olivier, Gomes &
Greyling, 2009:237), with psychiatric co-morbidities, such as depression, anxiety, substance
abuse and behavioural disorders (Gooding, 2007a:40), often continuing through childhood
and adolescence, into adulthood (Sherman, Rasmussen & Baydala, 2008:347; Weyandt &
DuPaul, 2008:311; Young & Amarasinghe, 2009:116).

It is thought to be caused by an imbalance of two neurotransmitters to the brain: dopamine
and serotonin (Gooding, 2007a:40). According to Parker & Boutelle (2009:204), ADHD is
“now understood as pervasive impairment in the self-regulation of behaviour”. The name
ADHD is frequently employed as a marker, which Graham (2008a:85) refers to as a “lexical
label”, for people who face significant difficulties, such as lack of concentration,
impulsiveness, extreme levels of activity and lack of control (Barkley, 2005:36).

ADHD prevails in every country and ethnic group (Barkley, 2005:91). Occurrence in South
Africa corresponds with that in the USA and Europe, where it is estimated that up to 12% of
school-age children (Sandler, Glesne & Gellert, 2008:111; Webb, Amend, Webb, Goerss,
Beljan, & Olenchek, 2005:42), up to 8% of college students (Weyandt & DuPaul, 2008:312),
and up to 5% of adults (Plumer & Stoner, 2005:290; Swartz, Prevatt & Proctor, 2005:647)
suffer from ADHD.

In the latter group it manifests in “inattention, impulsivity, disorganisation and a lack of
self-regulation” (Swartz, et al., 2005:647). The number of new cases reported each day,
known as the incidence of ADHD, also seems to be on the increase, but this may be due to
more media attention of late (Gomes, 2008:39). However, Gooding (2007b:37) claims that
currently “80% of adults with ADHD are undiagnosed and untreated”.

ADHD has impairing consequences for the everyday psychological, academic and social
functioning (Weyandt & DuPaul, 2008:312), as well as the behaviour of the individual; these,
in turn, further influence the individual’s growing experiences (Sherman, et al., 2008: 347;
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Plumer & Stoner, 2005:290; Webb, et al., 2005:36). The symptoms of ADHD are thought to be
aggravated by the individual's experiences, neurological and nutritional factors and
environmental variables (Sonna, 2005:36).

The problems experienced include cognitive, emotional, social, behavioural and
motivational deficits (Rief, 2005:4; Steenkamp, 2001:72; Swartz, et al., 2005: 647). These
problems result in learning disabilities, self-regulation problems, external locus of control,
perception, speech and sleep problems, disorganisation, lack of time-management skills, the
inability to prioritise tasks and poor stress-management skills (Barkley, 2005:2005; Gooding,
2007b:37; Olivier, et al., 2009:238) The manifesting behaviour problems are related to the
individual’s inability to maintain the level of attention necessary to internalise information;
a higher level of impatience; the inability to control movement and activity; and boredom.

According to Swartz, et al. (2005:647), adult ADHD-sufferers are prone to “academic
underachievement, drug abuse, poor occupational adjustment, anti-social behaviour,
relationship difficulties, mood and affective disorders, and personality disorders”. This is
confirmed by Weyandt and DuPaul (2008:312), who maintain that the “...risk for lower
achievement scores, poor academic coping skills in general, but especially in writing”, are
the prevalent characteristics of ADHD-diagnosed college students. They also find it difficult
to adjust to college life and to form social relationships.

In order to counteract the dilemmas faced by ADHD, the presence of ADHD needs to be
established through proper diagnosis. The American Psychiatric Association’s DSM-IV RT
(2000) differentiates between the following three sub-types: ADHD-I: the predominantly
inattentive type; ADHD-HI: the predominantly hyperactive-impulsive type; and ADHD-C:
the combined type. They also provide clear indicators of further symptoms for diagnosis.

These are clustered around the three cores of: poor sustained attention, poor impulse control
and apathy (Gomes, 2008:27). The diagnosis must be done professionally by an expert and is
not a simple matter. It is believed that in some cases parents contribute to the diagnosis - in
order to alleviate their own responsibility and blame for the child’s behaviour, and to gain
access to school support services (Graham, 2008b:7).

Numerous definitions of ADHD in the literature also refer to the specific syndrome
characteristics of inattention, hyper-responsiveness, impulsivity, poor inhibition and
tediousness (Rief, 2005: 4). Furthermore, the literature mentions challenges such as
emotional outbursts, enthusiasm shortages, low self-esteem, and difficulty with problem-
solving (Aberson, Shure & Goldstein, 2007: 291; Olivier, et al., 2009: 237).

However, in this chapter we argue that a definition that focuses on the child’s differences as
strengths, rather than as deficiencies, indicates that ADHD is the result of high
responsiveness and strong alertness. In turn, the individual’s creativity and expression are
enhanced, which may be further complemented by increased motor movement, intensified
hearing capacity, tactile sensitivity, above-average peripheral vision and vulnerable
emotional balance (Gomes, 2008:31).

The diagnosis can also shed light on the specific strengths of the individual to direct and
reinforce during the management of ADHD. Seen from such a viewpoint, ADHD then
becomes more manageable than when it is perceived as a deficiency (Webb, ef al., 2005:100).
This is precisely what will determine and direct the management approach.
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The following pertinent question, therefore, becomes relevant:

How can ADHD-related behaviour be effectively managed?

2. Management of ADHD

Against the background discussed above, it becomes apparent that the individual diagnosed
with ADHD experiences major challenges, which make it difficult to manage the
individual’s behaviour (Aberson, Shure & Goldstein, 2007; Barkley, 2005; Rief, 2005; Olivier,
et al., 2009: 237). The individual’s regular unacceptable and/or inappropriate conduct often
results in further aggravated predicaments for which solutions must constantly be found
(Johnston & Mash, 2001; Khamis, 2006).

ADHD is a continuing, chronic disorder, which is not curable; but it is treatable and
manageable - through the right intervention and management approach (Jacklyn &
Ravichandran, 2009:1057; Gooding, 2007a:40). Many different strategies for intervention and
approaches to the treatment of ADHD exist. When referring to the management of ADHD,
this implies, “not only finding the best possible method of intervention, but also the
implementation and monitoring thereof” (Gomes, 2008:55; Rief, 2005: 29).

Programmes for managing ADHD should be flexible, to allow for frequent adjustment to
the individual’s specific needs. A programme’s purpose and effectiveness should also be
assessed and improved continuously, in order to ensure that it remains effective and
relevant (Gomes, 2004:126).

No single approach exists that can solve the difficulties of ADHD (Heriot, Evans & Foster,
2007:121). According to Graham (2008b:17), “ADHD comes to be understood through a bio-
psycho-social theoretical framework”. The management of ADHD should therefore be
multimodal in nature (Graham, 2008b: 20; Sherman, et al., 2008:348; Gooding, 2007a:40;
Heriot, et al., 2007:121), because a combination of approaches seems to be more effective
with the biological, as well as the social-emotional aspects of ADHD. It includes the
following:

2.1 Physical assessment

Before any management of the disorder can commence, the individual has to undergo a
thorough physical check-up by a clinician, to ascertain the individual’s general health
condition in comparison with the norm, and to further ensure that the symptoms being
experienced are not caused by other illnesses or deficiencies (Young & Amarasinghe,
2009:116).

2.2 Medical/pharmacological approaches

It is usually believed that ADHD can best be managed by means of biochemical treatment,
depending on the needs, mass and age of the individual involved (Hallowell & Ratey,
1995:238). This is referred to as the “first-line approach” (Graham, 2008a:92; Graham,
2008b:19). Medication is consequently often prescribed to improve attention and to reduce
hyperactivity. However, medication treatment is usually more effective when coupled with
coached behaviour modification.
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Based on the “medical model” (Graham 2008a: 85; Graham, 2008b:19) and because it is
believed that the medication will “increase the level of dopamine and norepinephrine
between the synapses or neurotransmitters” of the brain, prescriptions for stimulants, such
as Ritalin and Concerta, have increased over time (Graham, 2008a:86.87). Criticism against
the medical model is that it appears to “accept the ‘disordered” children as having little or
no control over their actions” (Graham, 2008b: 21).

Many voices of concern are springing up against the use of medication (Lakoff, 2000: 150;
Sandler & Bodfish, 2008:105; Weyandt & DuPaul, 2008:316) and the overuse of stimulant
therapy (Sandler et al., 2008:111), as it is not guaranteed to benefit all cases in a similar or a
positive way (Plumer & Stoner, 2005:290). In this regard, (2008a:90) refers to the
“(dis)illusion” and the “paradoxical effect” of medicines.

The long-term positive effects of medication have not been indisputably proven (Heriot, et
al., 2007:121; Sandler, et al., 2008:111; Young & Amarasinghe, 2010:127), and are not
necessarily long-lasting, as they cease without the medication, often resulting in more
agitation and anxiety (Gomes, 2008:94). Furthermore, in the case of the abuse of medicine,
addiction becomes a danger (Cowan, 2002). These stimulants also have reported nominal
treatment-emergent side-effects (Sandler, et al., 2008:111), such as sleep disturbance, appetite
suppression and weight changes, emotional instability, growth retardation and headaches
(Barkley, 2005:269; Graham, 2008:90).

Yet, despite all the concern, the consumption of medicine for ADHD-related symptoms is
still increasing (Graham, 2008a: 86). Some physicians suggest that the medication should not
be used continuously, in order for the individual to learn to manage ADHD without it
(Mehl-Madrona, 2005: 1). This contributes to the growing use of complementary and
alternative approaches in the treatment of ADHD (Sandler, et al., 2008a:111)

Neurotherapy, also known as EEG biofeedback or neurofeedback training, is an attempt to
normalise ADHD brainwave responses to stimuli; and it is seen as, “an effective alternative
to stimulant medication” (Steenkamp, 2001:95). It teaches the individual to focus on his/her
brainwave motions, applying swift computers, which make available both auditory and
visual feedback, unfortunately at high cost, because of the expensive equipment used
(Sonna, 2005:143).

Dietary intervention is also an attempt to help decrease the symptoms of ADHD, especially
the aspect of restlessness (D’Adamo, 2001:133). Furthermore, multivitamins are used to
supply what the brains needs for proper functioning (Sonna, 2005:41). Homeopathic
medication is also utilized in an attempt to control the symptoms of ADHD, but it takes a
long time to show effects, and is therefore less popular (Barkley, 2005: 269). Furthermore,
essential fatty acids, such as fish oil, can contribute to the individual's wellbeing (Sonna,
2005:39), while specially coloured eyeglasses can improve the visual perception (Gomes,
2008:104) of the individual diagnosed with ADHD.

It is a well-known fact that medication alone is insufficient in the management of ADHD,
and has “failed to provide a solution to the ‘problem’ it was meant to solve” (Graham,
2008a:92). Each individual is a unique being with unique needs and strengths. That is why a
multimodal approach, namely a combination of approaches by a multidisciplinary team of
specialists, usually provides the best results (Young & Amarasinghe, 2009:116).
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2.3 Remedial and educational measures

Based on the “within-the child deficit-model” (Graham, 2008a:91), school-going learners
diagnosed with ADHD are often assisted in dealing with school-related challenges, such as
adjusting to school, or working out homework schedules, through remedial teaching and
the teaching of learning and coping strategies (Rief, 2005:57).

Psycho-educational management refers to the emphasis of the learner’s learning abilities in
relation to his/her overt behaviour (Riding & Rayner, 2005:100). Classroom accommodations
include measures, such as “recorded textbooks” and “note-taking services”, as well as support
groups and individual counselling (Swartz, et al., 2005:648). The assistance of a remedial
specialist, speech therapist and an occupational therapist can be valuable with regard to
perceptual and co-ordination difficulties (Rief, 2005:233; Sonna, 2005:15), again confirming the
significance of a multidisciplinary team and a multimodal approach for the management of
ADHD (Heriot, et al., 2007:121; Gooding, 2007a:40; Graham, 2008a:92).

2.4 Psychological management

The point of departure of the “psychological model” is that the child “can exert or learn self-
control” (Graham, 2008b: 21). A professional psychologist usually undertakes a proper
assessment to establish the individual’s emotional stability and perception. Therapy and
counselling are often used in an attempt to alleviate the problems related to the disorder
(MacGraw, 2005:15).

This would include family therapy (Hallowell & Ratey, 1995:136), as well as individual therapy
for the diagnosed individual and other individuals involved in the case, such as the parents.
Emotional and social support are crucial for the proper understanding of ADHD, good
communication, healthy relationships and building the individual’s self-esteem, by focusing
on positive, rather than negative aspects, as well as uncovering and practising existing
strengths (Hallowell & Ratey, 1995:144; Lawlis, 2004:249; Rief, 2005:84; Sonna, 2005:72).

Cognitive behavioural therapy (Graham, 2008a:92), such as rational-emotive therapy (RET),
can be done - in order to manage the symptoms of ADHD. This involves the examination
and improving of behaviours and interaction through skills teaching and positive
reinforcement (MacGraw, 2005:64; Rief, 2005:61). Cognitive therapy is especially useful for
adult sufferers of ADHD, because not all people can learn effective strategies to overcome
their challenges (Young & Amarasinghe, 2009:126). However, the success of cognitive
therapy is doubtful when applied by itself, because of its focus on cognitive, rather than
educational interventions (Graham, 2008a:93).

After consideration of all the above-mentioned approaches, this chapter strongly argues for
behaviour modification to be dominant in the multimodal approach to ADHD, to enable the
individual to learn new socially approved behaviours - implemented during therapy and
reinforced at home, in the school and in the social environment, as will be discussed in the
next section.

3. Behaviour modification as a way of managing ADHD

The challenges experienced by the individual diagnosed with ADHD are a reality that must
be faced on a daily basis, by all people involved with the individual. Behaviour cannot
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easily be altered, because it can be determined by heredity, or strongly engrained, but
should be modified to render it more acceptable, in order to help the individual with ADHD
to live a fulfilled life in society, as an accepted human being (Gomes, 2008:98).
Consequently, behaviour modification is often applied to amend the unacceptable and/or
inappropriate behaviour (Sonna, 2005:153).

3.1 What is behaviour modification?

Behaviour modification is a therapeutic intervention practice, involving therapeutic
techniques based on the theory of operant conditioning of Skinner and other behaviour-
learning theories (Gates, Newell & Wray, 2001:86). These theories are grounded in the truth
that learning brings about change in behaviour, by means of the methodical and
conditioned utilization of positive or negative reinforcement.

When a specific stimulus-response pattern is contingently reinforced, the individual is
conditioned to respond (Hukamdad, Shahzad, Ali, Quadeer & Khan, 2011:904).
Reinforcement is accomplished by means of anything that will strengthen the desired
response, or weaken the undesired response.

This approach entails a technique whereby improper and inappropriate conduct is
substituted by a more acceptable alternative (Gomes, 2008:99). The four basic principles of
the theory are: “positive reinforcement, negative reinforcement, punishment and extinction”
(Hukamdad, et al., 2011:904). Behaviour modification can be distinguished from other
techniques by the fact that it focuses only on observable, describable and measurable
behaviours (Smith, 2011:1).

Through this approach systematic attempts are made to modify or strengthen the
probability of the occurrence of behaviour, by reinforcing desired behaviour, and
discouraging or ignoring undesirable behaviour. All attention is considered to be
reinforcing, whether positive or negative. However, praise and rewards are more often used
than punishment and ignoring - to accomplish the goals of behaviour modification.
Punishment refers to an unpleasant stimulus after undesirable behaviour; while a reward
refers to a pleasant stimulus upon desirable behaviour.

3.2 Why is behaviour modification needed?

Behaviour modification is effectively used to treat many disorders and can be very valuable
in managing ADHD (Davies & Witte, 2000:135). It often happens that people, such as those
diagnosed with ADHD, are branded as worthless or lesser individuals (Lawlis, 2004:55). As
a result, they develop a low self-concept and self-perception of being unable to function
properly and being incompetent and pathetic, further aggravating their deficient
characteristics (Levine, 2002:327).

Instead, their strengths should be uncovered, focused on and further reinforced, by means of
behaviour-modification techniques. For that reason behaviour modification can be used
effectively.

Proper behaviour and interaction can be taught (Sonna, 2005:153). People involved with the
ADHD-diagnosed individual should learn to respond to the ADHD-diagnosed individual
differently (Barkley, 2005:106). For example, positive verbal praise, when justified and
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consistently given, can be surprisingly effective. According to Plumer and Stoner (2005:291),
the teaching of appropriate social skills will advance the individual’s general social
functioning.

3.3 How is behaviour modification done?

Behaviour modification can be used in conjunction with any other means for the
management of ADHD-related behaviour, and it can be reinforced at home, school or in
other social settings (Barkley, 2005:242; Lawlis, 2004:262; Rief, 2005:165; Sherman, et al.,
2008:348). It entails certain measures are used to both reinforce and strengthen the
appropriate behaviour, or to reduce and discourage any behavioural difficulties. Examples
of positive reinforcements are rewards, such as praise, approval, modelling, and shaping.

This does not only apply to the ADHD-diagnosed individual, but also to the parents,
siblings and other people involved with the individual (Neethling, Rutherford & Schoeman,
2005:32).

The natural tendency to focus only on the positive reward, can be balanced by a
combination of rewards and punishments, known as “response cost” (Hukamdad, et al.,
2011:904), which will assist in decreasing the individual’s impulsive inclinations. Rewards
should be tangible, especially for younger ADHD-sufferers; they should be granted
frequently, and the feedback should immediately follow the behaviour (the closer, the
better), in order to allow the individual to make the necessary associations (Young &
Amarasinghe, 2009:117). Hukamdad, et al, (2011:908), also emphasize that rewards or
punishment should immediately follow the behaviour; and they should be consistent and
fair.

Parent training forms a crucial part of the approach (Young & Amarasinghe, 2009:121). This
should enhance parenting skills and assist parents in dealing with their challenges by means
of appropriate behavioural techniques and intervention skills. They need relevant
information and behavioural strategies to implement at each level of the child’s
development (Young & Amarasinghe, 2009:118).

This would include the identification and manipulation of behaviours, the targeting and
monitoring of problematic behaviour, rewards for appropriate behaviour, such as praise,
positive attention, tangible rewards, or a decrease in unwanted behaviours through “time-
out”, and effective commands, appropriate rewards, immediate feedback and positive
reinforcement (Hukamdad, et al., 2011:905). Parents should also guard against risk factors,
such as depression, marital turmoil, and lack of support, by means of open discussion,
appropriate information, basic coping strategies, support groups and counselling (Young &
Amarasinghe, 2009:118; Gomes, 2008).

In the school environment, well-structured routines, rules and expectations are required by
the ADHD-diagnosed individual, as well as the careful attention of the teacher (Rief,
2005:165). Realistic academic targets and behaviour goals can serve as motivating factors
(Young & Amarasinghe, 2009:118). Approval can be as simple as a nod of the head, or a
verbal sound, such as ‘Mmmm’, or a comment, such as ‘well done’. Environmental
manipulations can also be implemented, for example, seating the child away from any
source of distractions.
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The co-operation between school and home is important, and regular contact should be
scheduled to assess the specific needs, progress and intervention procedures. Where
possible and necessary, individualised approaches will be more successful and a
“contingency contract” programme can be applied (Hukamdad, et al, 2011:906). It is
possible for the individual to learn to apply skills, such as making eye contact, giving
compliments, taking turns, listening, problem-solving, verbal instruction (‘thinking out
loud’), obeying rules, teamwork, using time schedules, self-monitoring, emotional control,
and self-reinforcement (Young & Amarasinghe, 2009:119-120).

Behaviour that is strengthened will recur, while behaviour that is not rewarded will
probably fade away. According to Sherman, et al. (2008:347), gestures used by people
involved with the ADHD-diagnosed individual, can influence the individual’s performance,
for example, with academic puzzles. People with more tolerance and acquaintance with
intervention techniques, who can work well and co-operate within a multi-disciplinary team
of specialists and who have a positive mindset, can also influence the development of a
more positive outcome for the individual diagnosed with ADHD (Sherman, et al., 2008:347).

Many skilled specialists consider behaviour modification as being the most appropriate
instrument in the management of ADHD-related behaviour (Davies & Witte, 2000:135).
People involved with ADHD-diagnosed individuals should assemble as much information
as possible about behaviour modification - in order to increase their focus on any existing
strengths, rather than on the deficiencies (Rief, 2005:14). Positive attention can be used
effectively as reinforcement, for example, by praising well-meant attempts and refocusing or
redirecting any failed efforts (Gomes, 2008:100).

4. Coaching as a way of managing ADHD

ADHD coaching is based on the coaching model used in athletics and life-skills coaching
(Swartz, et al., 2005:648). Coaching is an “important and relatively new profession” (Gates, et
al., 2001:87; Murphy, Ratey, Maynard, Sussman & Wright, 2010:546; Parker & Boutelle,
2009:205). Parents, caregivers and teachers have been coaching ADHD-diagnosed children
for a long time, in order to manage their behaviour, but no-one has ever thought of this
action in terms of a structured strategy, until recently, when the term was coined with
regard to psychological supervision, support and goal achievement.

In 2002, a task force of coaches organized by the Attention Deficit Disorder Association
(ADDA) wrote: "The Guiding Principles for Coaching Individuals with Attention Deficit
Disorder" (Jaksa & Ratey, 1999). This document suggests elements that should be considered
as essential to ADHD coaching; it establishes standards and outlines the ethical principles
required to help people better understand ADHD coaching. Appropriate coaching not only
provides supervision and support, but it also gives a sense of accountability and consistency.

The topic of ADHD coaching currently enjoys increased favour, even though it has not yet
been researched extensively; and the effectiveness has not proven by many empirical
research studies (Murphy, et al., 2010:546). For the latter reason, some scientists remain
sceptical about this approach (Swartz, et al., 2005:648). However, several research studies
(Hollin & Palmer, 2006; Jones & McCaughey, 1992; Jordan, Singh & Repp, 1989; Stevenson,
Whitmont, Bornholt, Livesey & Stevenson, 2002; Zwart and Kallemyn, 2001;) have produced
clear evidence of success with coaching.
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4.1 What is coaching?

Dawson and Guarre’s coaching model (2000) is a promising, innovative approach to ADHD-
related difficulties (Plumer & Stoner, 2005:292; Swartz, et al., 2005:648). Young and
Amarasinghe (2010:126) see coaching as a “derivative of cognitive behavioural paradigms”,
based on a “collaborative mentoring partnership, which draws on an individual’s personal
strengths, and aims to provide structure, support and feedback”.

This would entail the necessary emphatic and gentle psychological support and supervision
(Carroll, 2006:4) for skills development, problem-solving and the management of own time
and actions, by means of significant “complex dyadic interactions” (Gates, et al., 2001:87).
This approach should help to manage the symptoms of ADHD, as well as in providing the
encouragement to independently develop internal and external structures for taking
responsibility for reaching specifically set goals (Jaksa & Ratey, 1999; Parker & Boutelle,
2009:205).

Plumer and Stoner (2005:292) contend that coaching is based on “correspondence training”,
focusing - as it does - on the reinforcement of behaviour that corresponds with the set goals.
According to Swartz, ef al. (2005:648), this process of “observational learning” strengthens
the individual’s ability to independently counteract any ADHD symptoms. At the same
time, the individual gains self-efficacy, as well as the increased self-confidence needed to
reach his/her goals.

Coaching, with reference to ADHD, involves a “collaborative alliance” (Young &
Amarasinghe, 2010:127). It involves the supervision of behaviour, strategies and tasks, by a
person to whom the ADHD-diagnosed individual must be accountable - whether the
ADHD-diagnosed individual be an adult or a child. Clearly, the coaching principles must
remain the same; it is the strategies and tasks that have to be age-appropriate, and need-
specific (ADDA, 2002; Quinn, Ratey & Maitland, 2000; Wallace, 1998).

The basis of coaching is that the coach and the ADHD-diagnosed individual should work
together to set goals and develop the tools, strategies and confidence necessary to help the
individual overcome the behaviour difficulties encountered, and to replace any
unacceptable behaviour with the correct behaviour for the specific situation (Hallowell &
Ratey, 1994; Jaksa & Ratey, 1999; Swartz, et al., 2005:648).

4.2 Why is coaching needed?

According to the Diagnostic Criteria from DSM-IV-RT (2000) and the Diagnostic and
Statistical Manual of Mental Disorders (1994), executive functioning issues, such as time
management, prioritization, procrastination, and realistic views of a task or situation are
among the many aspects which cause behavioural difficulties for those diagnosed with
ADHD (American Psychiatric Association, 2000; American Psychiatric Association, 1994).

Others in the list provided by the DSM-IV include differences in learning styles between
parents and children, learning disabilities resulting from the inability to process and retain
information, the inability to pay attention for lengthy periods of time, the inability to obtain
and organise information, the inability to self-regulate and self-monitor own behaviours and
tendencies, the lack of accountability, the inability to form and maintain lasting relationships
(American Psychiatric Association, 2000; American Psychiatric Association, 1994).
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These areas of concern are typically addressed by means of behaviour- modification
coaching.

Coaching is an excellent tool for parents of small children who have been diagnosed with
ADHD, and also for the adult struggling with organisational and time-management aspects,
both in the private, as well in the professional sectors of daily life (Jaksa & Ratey, 1999;
Plumer & Stoner, 2005:292; Swartz, et al., 2005:648). Coaching helps both children and adults
suffering from ADHD-related difficulties, to focus on the various aspects of their task,
without the feeling that they are being reprimanded or ‘bossed” around, as in the case of
children, and criticized and picked on, as in the case of adult sufferers (Chronis, Chacko,
Fabiano, Wymbs & Pelham, 2004).

Coaching helps individuals to concentrate better on specific aspects and personal strengths,
often not obvious. Frequently, in such instances, incorrect behaviours are learned as
mechanisms for coping with perceived difficult situations. Coaching can then re-direct and
correct incorrect behaviour habits (Quinn, ef al., 2000). Often the order of importance of a
task’s steps eludes an individual completely, resulting in errors, accidents and frustrating
delays.

Coaching helps in the elimination of the frustration of task re-direction, and it teaches the
ADHD-diagnosed how to develop the ability to set goals and keep to the aims required to
complete the task. Bear in mind that the major problems of ADHD are the lack of
organizational skills and consistency, mutual respect, trust and compatibility. These are key
aspects of the coaching process designed to foster accountability and responsibility, and to
minimise fear of failure, lack of self-esteem and lack of self-confidence on the part of the
ADHD-diagnosed individual (Jaksa & Ratey, 1999).

Coaching helps individuals of all ages to make positive, lasting changes that will impact
their lives long after they leave school and enter adult life. Chronis, et al. (2004), confirms
that coaching teaches individuals diagnosed with ADHD how to develop the necessary
correct skills that they will need to employ throughout life. Through coaching, the
individual gains the responsibility to function independently (Plumer & Stoner, 2005:298)
and develops the self-regulating skills needed for self-determination and the self-
management of ADHD-related challenges (Parker & Boutelle, 2009:205). It can also
effectively assist the individual with problems, such as procrastination, lack of
concentration, poor planning, anxiety, social incompetence or time management (Swartz, et
al., 2005:648).

4.3 How is coaching done?

Coaching normally involves pairing an individual (child or adult) diagnosed with ADHD
with another person, who then serves as his/her coach (Plumer & Stoner, 2005:292).
Through their “mindful involvement” (Carroll, 2006:4) they finalise goals, suggested by the
individual diagnosed with ADHD, after which behaviour monitoring, supervision,
encouragement and support, provision of feedback, as well as contingency management
follows, with the aim of learning new and appropriate behaviour.

ADHD coaches are usually those closest to the ADHD-diagnosed individual, i.e. the
parents, older siblings, peers and teachers, although there may also be some therapists and
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other professionals involved in the individual’s coaching. The most important point is, that
however many different people coach any one individual at different times of the daily
routine, that they should all be synchronised and in agreement on the type of coaching, as
well as on the requirements and the strategies being used. This will prevent confusion and
frustration of all concerned (Gomes, 2008; Jaksa & Ratey, 1999; Swartz, et al., 2005:648).

Together, the coach and the individual diagnosed with ADHD undertake difficulties, such
as time-management and problem-solving (Swartz, et al., 2005:648).

Precisely how ADHD coaching is done will depend on who is being coached and who is
doing the coaching. When dealing with children diagnosed with ADHD, parents, teachers
and sometimes older siblings, peers or caregivers can serve as coaches; and the coaching
work should be done on a daily basis, in the form of guidance, reminders and supervision of
tasks, such as routines, habits, homework, or household chores. Coaching, in this instance, is
an ongoing strategy that serves as guidance for the ADHD-diagnosed child to learn the
correct techniques with which to work, both at that moment in time, as well as in the future
(National Resource Centre on ADHD, 2003). Coaching entails pertinent questions that
stimulate reflective thinking, in pursuit of planning to reach one’s goals (Parker & Boutelle,
2009:205).

This cognitive element assists the individual to acquire awareness of his/her own behaviour
and the required behaviour changes (Swartz, et al., 2005:648). It enables the individual to
apply the behaviour without the presence of the coach - in the end.

Coaching children is a little more involved than coaching adults, but the basic strategy
remains the same. Although the ADHD coaching partnership is still flexible and designed to
meet the needs of the ADHD adult sufferer, coaching at this level allows more freedom of
thought, action and decision- making, while at the same time, requiring a higher level of
commitment and accountability.

Coaching serves as a support system to assist the ADHD-diagnosed adult in learning how to
manage time, develop organisational skills, determine priority of task performance, and it
provides the perfect platform for the development of personal accountability and
responsibility (National Resource Centre on ADHD, 2003).

4.4 Who does the coaching and who gets coached?

According to the International Coach Federation (2003) (ICF) - an international association
of personal and business coaching that is evolving as the principal governing body for this
field - there is currently no specialised schooling or licensing required in becoming a coach
or a coach who specialises in ADHD (www.coachfederation.org). Yet, Murphy, et al.
(2010:546), explain that a specialist coach must undergo meticulous training at an institution,
in order to gain certification.

Quite a number of professional institutions are now training coaches to work with ADHD-
diagnosed individuals, such as the Association for Professional Executive Coaching and
Supervision (APECS) (Carroll, 2006:4; Murphy, et al., 2010:546). This is important as regards
the quality control and reliability of this new profession. This is vital in developing the
appropriate coaching skills, such as “listening, reflection, questioning and empathy”
(Carroll, 2006:4; Swartz, et al., 2005:651).
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The designated coach should be committed and consistent in his/her coaching approach. A
good knowledge of the needs and difficulties faced by the ADHD-diagnosed individual is
required. Knowledge of ADHD-related issues, such as in the case of parents acting as
coaches, is also needed in order to coach someone who has been diagnosed with ADHD
(Carroll, 2006:4; Swartz, et al., 2005:648).

Coaching is, generally speaking, a two-people process. Although the parents are the
primary ‘coaches’ for their ADHD-diagnosed children, they may need outside help, in the
form of professional coaching, from a counsellor, psychologist or from marriage and family
therapists better versed in the more intricate aspects of the effects of ADHD behaviour on
the family in general (Carroll, 2006:4; Murphy, et al., 2010:546).

When we speak of coaching children diagnosed with ADHD, the coach may frequently be a
different person in different settings, i.e. the parents could take turns coaching the child at
home and/or in social settings, according to the situation, the need, the place and/or the
task being dealt with. At school, the teacher would be the child’s coach. On the playground,
the coach could be an appointed more mature peer or friend, to whom the child looks up
and admires, or a student teacher, specifically appointed to coach play-time behaviour
(Jaksa & Ratey, 1999).

ADHD coaching may be helpful to adults suffering from the effects of ADHD, but only if
they recognise the importance of their commitment to the process. Children are reliant on
their parents to know what is best for them and will willingly follow coaching directions,
without being self-conscious about it. Adults, however, need to admit that they have a
problem that they are unable to overcome alone. To do this, they have to entrust the
managing of their problem-solving strategies to another; thereby, relinquishing their control
over the process, something that adults often struggle with (National Resource Centre on
ADHD, 2003).

If ADHD-diagnosed adults need assistance in dealing with these practical challenges in
daily life, a coach may be a good source of help (Carroll, 2006:4; Murphy, et al., 2010:546).
However, if the adult needs assistance with emotional, psychiatric, or interpersonal
problems, then a professionally licensed therapist should be consulted. When both types of
assistance are needed, as is often the case, it may be helpful to select a coach and a therapist
who will agree to work together - thereby forming a team group to provide the necessary
support and accountability to the sufferer (Gomes, 2008; National Resource Centre on
ADHD, 2003).

5. Coached behaviour modification in the management of ADHD

In the majority of cases, especially those involving adults suffering from the effects of
ADHD, coached behaviour modification is the most effective route, because it requires daily
feedbacks, adjustments and reorganisation. It not only provides much-needed support and
encouragement, but it also requires accountability, commitment and trust, from both the
ADHD sulfferer, as well as from the chosen coach. As a general rule, coaches deal with
problems in everyday living, such as organization, time management, memory, follow-
through, and motivation.
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Their focus is on what, when and how, but not so much on the why (National Resource
Centre on ADHD, 2003).

All cases of ADHD are unique and the ADHD coaching involves the use of different and
unique intervention skills to suit each particular individual (Gooding, 2007a:41; Murphy, et
al., 2010:549). Although the symptoms may be similar, the frequency, duration, location and
content will differ for each individual (Swartz, et al., 2005:649). Through coaching, behaviour
modification can be done more effectively. It is a ‘gentler” way of re-directing behaviour
than simply issuing a set of instructions (Gates, et al., 2001: 86).

Like all coaching, ADHD-coached behaviour modification focuses on the specific needs of
the individual whose behaviour is being adjusted and modified (Young & Amarasinghe,
2010:128).

The most common question asked by ADHD sufferers is: ‘How long will I need
coaching? The answer to this question is once again different for each unique individual.
The duration of ADHD coaching depends on the difficulties being experienced by the
individual, as well as the individual’s goals and rate of progress, amongst other things. The
individual’s determination and commitment also play an important role in the length,
progress and conclusion of the coaching process (Carroll, 2006:4; Murphy, et al., 2010:546).

For most parents, their child’s behaviour modification coach may last as long as their child
lives at home, which would probably be about the first 20+ years of their child’s life.
Thereafter, depending on their personal relationship, coaching by the parents could go on
for even longer than that. The choice belongs to both parties equally. Some young adults
enjoy the time they spend with their parents, especially same-sex parents, and choose to
continue being accountable for their progress to that parent (Hyde Park, Ratey, & Jaksa,
2002).

Many however, learn to cope by themselves and choose to ask for help only when
absolutely necessary. Frequently, the individual’s response to coaching is affected by their
own sense of self-esteem and personal value. The higher their self-esteem, the more often
they will resort - by themselves - to finding the appropriate coach for their need (Hyde
Park, et al., 2002).

Coached behaviour modification usually progresses according to the following format:

An in-depth discussion takes place during the initial meeting (Swartz, et al., 2005:650) or first
session, where the ADHD-diagnosed adult and the assigned coach get to know each other,
the process is explained and the coaching relationship is defined in terms of needs,
difficulties, requirements, strategies to be used, accountability and responsibility. Both
individuals discuss what the ADHD-diagnosed individual wants to achieve, and what
his/her present symptoms, difficulties and strengths are.

The first important aspect of coaching is to build up a good collaborative relationship and to
collect a proper case history. Thereafter, one would compile an acceptable schedule for the
coaching process. Small steps at a time and different coaching goals then become the order
of the day. Initially, one basic routine is striven for per week, and then gradually more goals
are added. Thereafter, the different techniques, tools and actions for accomplishing the goals
will be brainstormed. These have to be implemented consistently. Furthermore, the
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measures for supervision, monitoring and support need to be agreed upon. Throughout the
process, readjustments will need to be made.

Key aspects of the process are explained, such as personal phone calls, or e-mails as
reminders and means of encouragement, as well as future face-to-face contact sessions. Not
more than three long-term goals and tangible, measurable, observable, specific, reasonable
and possible achievements should be identified at this stage; and additionally, a plan of
action, suggested by die ADHD-diagnosed individual and agreed upon by both parties, is
set up (Swartz, et al., 2005:650).

The ADHD-diagnosed individual usually determines the details of the discussion, with the
coach’s encouragement, but both the coach and the ADHD-diagnosed individual talk about
what’s working and what can be improved, and/or changed. The achievement of the long
term goals can extend past the coaching process of about eight weeks. This first discussion
session can last about 90 minutes (Swartz, ef al., 2005:650), but this time limit is usually
agreed upon at the start of the appointment.

Thereafter, regular sessions last approximately 30 minutes per week, or bi-weekly, to assess
goal-accomplishment (Swartz, et al., 2005:650). It is during these shorter sessions that short-
term goals or easily attainable smaller stepping stones are set, while long-term goals are
adjusted, and further structures and strategies are developed, with the aim of building more
self- confidence. During these sessions, the action plan for the following week is also
determined and agreed upon (Jaksa & Ratey, 1999; Swartz, et al., 2005:650) then it should be
written down and signed by both parties.

Rewards and punishment (referred to as “consequences” by Swartz, et al. (2005:651), initially
suggested by the ADHD-diagnosed individual and agreed upon, form an important part of
the process of coaching, in order to manage the ADHD difficulties. These guidelines serve
the purpose of reinforcement of the appropriate behaviour; and they will ensure the client’s
commitment to the coaching process. The outcome is to get the ADHD-diagnosed
individual to eventually monitor his/her own behaviour.

One very interesting aspect of coaching that is introduced at a higher level of responsibility
than that found in the coaching of small children, is the importance of check-ins (National
Resource Centre on ADHD, 2003). These are a crucial part of the coaching process and
require that the ADHD-diagnosed individual send the coach a brief status update on each
planned action - either by e-mail or by telephone. This fosters accountability and
responsibility on the part of the ADHD-diagnosed individual, and also contributes to
eliminating any procrastination, and helps to keep the individual on track between sessions.

The coach and the individual agree on how often these ‘check-ins’” should occur. Although
such ‘check-ins’ should form part of the daily process; in time, these should have longer
time lapses in between, depending on the individual’s progress, commitment and
trustworthiness (Swartz, et al., 2005:650).

Through coaching, the individual is helped to focus on the task at hand; to manage time
more effectively; to prioritise responsibilities and manage tension; and to control
unacceptable behaviour (Gooding, 2007a:40). This can be done through repeated
monitoring, the provision of regular feedback and praise. Tangible success always has a
powerful effect (Murphy, et al., 2010:550). Accomplishments and establishing a good habit
serve to gradually build more confidence, self-awareness and self-management.
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Ultimately, the goal of coaching is to provide support - until the individual learns the
necessary skills to be able to function independently (Plumer & Stoner, 2005: 292), and stay
on track over time - be that individual an adult or a child. The purpose of behaviour
modification coaching is to provide the resources, strategies and skills needed to equip the
individual for life (National Resource Centre on ADHD, 2003; Quinn & Ratey, 2002).

5.1 Does coaching take the place of therapy?

No, coaching is not a substitute for therapy. Both coaching and therapy are based on a
wellness model (Parker & Boutelle, 2009:205); and additionally, based on trust. This involves
complex relationships and change, giving feedback, and learning new skills (Summerfield,
2006:24). However, the coach’s task is “neither counsellor nor advisor, but a collaborator”
(Swartz, et al., 2005:648).

Coaching aims to improve performance and to make the ADHD-diagnosed individual more
independent and responsible for his/her own behaviour and actions through supervision
(Murphy, et al., 2010:547). It is important that coaching be approached with the full co-
operation of the individual needing help. ADHD-diagnosed individuals need to understand
the importance of working with a behavioural coach for the coaching process to be
successful and effective (Hyde Park, et al., 2002; Shintel & Keysar, 2007).

The ADHD-diagnosed individual should be relatively healthy, psychologically speaking, as
coaches are not expected to give therapy for serious psychiatric or mental disturbances. The
individual should also accept that he/she is suffering from ADHD-related problems and
needs assistance and coaching to manage these problems. The individual also needs to
commit him/herself to the coaching intervention (Murphy, et al., 2010:551).

Therapy is based on the premise that remedial change and emotional healing are needed
(Murphy, et al, 2010:547). Where emotional problems, such as depression or other
psychological issues hinder daily functioning, these need to be addressed by professionals,
such as the family doctor, the psychologist or the psychiatrist (Hallowell & Ratey, 1994;
Murphy, et al., 2010:551; Quinn & Ratey, 2002). If these issues remain untreated, coaching
will not be successful. In such cases, it is advisable for the coach to work in tandem with the
individual’s various healthcare providers to overcome these obstacles (Wallace, 1998).

The purpose of coaching is to support the development of methods to manage the day-to-day
ADHD-related challenges (Gooding, 2007a:40). It is based on “action learning” (Murphy, et
al., 2010:547), that is to say, learning that supports the individual up to the point where
he/she can manage by him/herself. Coaching is a form of verbal reminder, a guiding of the
methods for carrying out a task, or of adjusting behaviour, especially where children are
concerned. For the adult sufferer it assists with the personal and professional growth and
development, based on the pursuit of specific outcomes. These, in turn, are linked to
personal or professional success (Gomes, 2008; Quinn & Ratey, 2002; Quinn, et al., 2000;
Wallace, 1998).

The main aim of coaching is to show the individual how to achieve these goals in the most
practical manner possible (Quinn & Ratey, 2002; Quinn, et al., 2000). In coaching the
emphasis is on the individual’s ability to “take action on life goals in a balanced and fulfilling
way” (Parker & Boutelle, 2009:205). The ADHD-diagnosed individual is seen as resourceful
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and creative. The individual is helped to develop his/her own systems of effective
functioning in pursuit of his/her goals.

Therapy, on the other hand, deals with the healing of past experiences of pain that have
resulted from the stigma attached to the ADHD diagnosis (Murphy, et al., 2010:547).
Whether in a family situation or outside it in social settings, such as school or work
situations, ADHD is hugely misunderstood (Hallowell & Ratey, 1994; Jaksa & Ratey, 1999).
This failure to understand, coupled with the resulting dysfunction and conflict within an
individual, can so easily cause pain and insecurity. Such trauma is best addressed in therapy
(Gomes, 2008).

According to the International Coach Federation (2003), there are several issues that can
interfere with the coaching process. These will often require referral to a medical or mental
health professional, for example, in cases where the ADHD-diagnosed individual is not able
to use simple self-management or organizational strategies to achieve the desired goals,
despite the coach's support, encouragement and reminders; in cases where the ADHD-
diagnosed individual has a co-existing psychiatric condition, such as depression, bipolar
disorder, anxiety disorder, substance abuse, or personality disorder; where the ADHD-
diagnosed individual has stressful life circumstances, such as marital problems, divorce, or
the death of a loved one, or where the ADHD-diagnosed individual has a serious physical
illness or other chronic medical condition (Hallowell & Ratey, 1994; Quinn & Ratey, 2002;
Wallace, 1998).

Under such circumstances, coaching should be carried out in collaboration with the medical
or mental health professionals involved in the ADHD-diagnosed individual’s care. In such
cases, the ADHD-diagnosed individual may benefit from the addition of traditional
treatments, such as medication and psychological therapy, as is often the case where a
multimodal approach to treatment would work best (Hallowell & Ratey, 1994).

The focus of therapy is often on resolving difficulties arising from the past which hamper an
individual's emotional functioning in the present. Coaching, on the other hand, is forward-
moving and future-focused, providing support, hope and encouragement (Hyde Park, et al.,
2002; Shintel & Keysar, 2007). While positive feelings/emotions may be the natural outcome
of coaching, the primary focus is on creating workable strategies for achieving specific goals
in the individual’s work or personal life. Coaching emphasises action, accountability and
follow-through. Therapy, on the other hand provides a platform for reflection, and working
through difficult emotional feelings that result from the conflict associated with ADHD
(Hallowell & Ratey, 1994).

6. A possible coached behaviour-modification programme

The Coping Skills Programme of Behaviour Modification (Gomes, 2008) is a valuable
programme to use in a coaching situation, as it provides many flexible alternatives for all
ages and situations. The Coping Skills Programme guides the designated coach through a
process of initial investigation of the presenting difficulties, in order to define the most
appropriate way to deal with and resolve problematic situations and behaviours. Used
correctly, systematically and consistently, the Coping Skills Programme is one of the most
practical and effective programmes to use. Its flexibility makes it ideal for all age groups,
situations and needs (Gomes, 2008).
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Some of the strategies used by the Coping Skills Programme include an initial investigation
into the specific needs of the family or individual faced with ADHD-related issues and
problems. This investigation is done by means of observation and dialogue; and it is not just
based on the existing information available via the media and other resources. This method
of investigation encourages parents and other designated coaches to observe behaviour
based on ability and strengths, rather than simply to focus on deliberate misbehaviour. It
requires that the parent really observe the child’s behaviour and determine what it is that
provokes such behaviour. Once this fact has been established, strategies may be set in place
to replace the undesirable behaviour with a more desirable alternative (Gomes, 2008,
Hukamdad, et al., 2011).

Thereafter, other strategies and skills can be set in place, such as coaching contracts, where
applicable, the setting of reasonable and attainable goals, accountability and responsibility,
positive feedback from the parents and designated coaches, the selection of tools and
strategies to assist with executive functioning issues, such as calendars, timers, planners,
study buddies/coaches, journaling for older children and adult individuals, and time
management.

A learning styles inventory is sometimes also implemented, to show parents why their
children so frequently have difficulty in paying attention in class and during homework
sessions at home. Often the conflicting learning styles of teachers and learners, as well as
those of parents and their children are all that stand between doing well and struggling
through the school day (Gooding, 2007a:40; Graham, 2008a:92; Heriot, et al., 2007:121).

Classroom arrangements are also discussed and adjusted, where possible, in conjunction
with teachers and other scholastic staff, in order to improve the focus and decrease
distractibility, and also the establishing of consistent daily routines for all members of the
family, extended family and care givers (Gomes, 2008, Rief, 2005:57).

Periodical adjustments of learned skills have to be carried out as soon as each new skill has
been mastered; that is to say, a new skill should remain in place, in its original form, only as
long as it still serves its purpose for task execution. As soon as the skill stops being effective,
it needs to be upgraded or adjusted, to help with the next difficulty. For example, a baby
learns how each type of food ‘behaves’ in his/her plate, by handling it with his/her fingers
first (skill 1) - a natural skill that all babies have. Soon, mommy places a spoon in the baby’s
hand and teaches him/her how to use the spoon (skill 2). This is not a natural skill; and it
will, therefore, take a little longer to master.

The spoon may, at first, be used as an addition to feeding with the fingers; it may even be
used as a toy, but it will eventually be used properly, at which point the skill needs to be
upgraded to using a fork, and so on. It is still the same skill, but is being upgraded
continuously to the next level, in small steps one at-a-time (Gooding, 2007a:40; Graham,
2008a:92).

If periodical adjustments are carried out regularly and efficiently, the child will internalise
the “skill’, and later learn to adapt it to adult life situations, having learned how to exhaust
all the possibilities in one specific skill, changing it and then using the adaptation for a
different difficulty. Non-ADHD-diagnosed people do it automatically all the time; it is how
humans survive; they adapt to their surroundings and their needs. However, this is not a
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natural behaviour mechanism for ADHD-diagnosed individuals; perhaps, because early on
in their lives their mothers tried to compensate for their every difficulty.

For ADHD-diagnosed children, skills have to be learned and integrated. When skill
adjustment is carried out speedily, the child’s confidence in his/her ability to adapt to
changes - the biggest difficulty for ADHD sufferers - is boosted, and ADHD-related
difficulties become less prominent and problematic. This is the function of coaching: to help
find, integrate, monitor and adjust the appropriate skills being learned and used (Hyde
Park, et al., 2002).

Chronis, Chacko, Fabiano, Wymbs and Pelham (2004) discovered in their research that
behavioural parent training (BPT), in which parents are guided in how to coach their
children’s behaviour modification, is one of the most effective behaviour-modification
processes in the treatment of ADHD-related misbehaviour. They found that, because so
many aspects influence the child’s behaviour and affect the parent’s reactions to that
behaviour, continuous programme adjustments are needed in the way parents teach their
children, the style that they use, and how the children interpret what is being taught.

This is true in adult coaching also, in that adults have a tendency to assume various
permutations in the outcomes of their actions. It is this aspect that results in the difficulties
faced by adults with ADHD-related difficulties, the “what-if-factor’. For example: “What if 1
do the work required, but nothing changes? If that is so, then why do the work? I might as
well carry on as I have before’. Children don’t question therapy in this way. Adults are the
ones who will do this more frequently (Gomes, 2008).

Programme follow-up periods should take place from time to time, after the completion of
the Coping Skills Programme, (Gomes, 2008), in order to make any necessary adjustments
and deal with any difficulties that the parents might experience along the way, and which
might not have been previously covered by the Coping Skills Programme. The parents, as
and when they feel it is necessary, usually initiate these follow-up periods; and in some
instances, there may be a short succession between follow-up periods, and then a longer gap
until help is requested again. In other instances, follow-up periods may be less frequent and
fewer in number (Gomes, 2008).

Programme follow-up periods are important for both the ADHD-diagnosed individual and
the parents, and/or designated coach, as these provide the opportunity to make
adjustments to the programme from time to time. Likewise, the parents/coaches benefit,
because the up-date sessions serve as a form of support system where their questions may
be answered, reassurance provided and new information obtained (Gomes, 2008).

7. Conclusion

The management of the challenging and difficult behaviour associated with ADHD presents
a problem that causes stress for all persons involved, in the home, school and society at
large. The management of ADHD-related problem behaviour is therefore a well-researched
topic, and refers to an array of approaches.

In this chapter we have, however, argued for the use of a gentler approach, namely coached-
behaviour modification, which is “extremely powerful” (Scoular & Linley, 2006:11) in
modifying unacceptable or inappropriate behaviour. This is done through a mutual-
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mentoring partnership, grounded on an individual’s personal strengths. It involves the
provision of emphatic psychological supervision, support, encouragement and feedback. It
aims at confidence, internal structure, goal-directed action, task persistence and responsible
functioning of the ADHD-diagnosed individual.

Our contention is aptly summed-up by Parker and Boutelle (2009:212): The suggested
approach is appropriate to help individuals diagnosed with ADHD to “develop self-
regulation skills for managing challenges caused by their executive function difficulties
through methods that emphasise self-determination”. It is important to constantly bear in
mind that it is the behaviour that is undesirable and not the person.
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1. Introduction

It is a well known and certified fact that noise under most circumstances interfere with
cognitive processing of various kinds, e.g. vigilance (e.g. Broadbent, 1951), arithmetic’s
(Broadbent, 1958), and response speed (Broadbent, 1957). This effect is assumed to be due to
the competition of attentional resources between the target and the distracting stimuli. This
finding is often replicated and found valid among different tasks and participant
populations (Belleville, Rouleau, Van der Linden, & Collette, 2003; Boman, 2004; Klatte,
Meis, Sukowski, & Schick, 2007; Rouleau & Belleville, 1996). Most research since Broadbent’s
days has dealt with the negative effects of noise and different kinds of auditory distraction.
In line with this earlier research has demonstrated that inattentive persons, such as children
with ADHD (attention deficit /hyperactivity disorder) are even more susceptible to
distraction as compared with their attentive peers. This has been shown in numerous of
studies (e.g. Corbett & Stanczak, 1999; Geffner, Lucker, & Koch, 1996; Rickman, 2001).

However, in contrast to the main body of evidence, there have been a few reports of
contradictory findings. Specifically, it has been shown that under certain circumstances,
children with attentional problems, rather than being distracted, actually benefit from
environmental noise presented with the concurrent target task. Until recently, this facilitating
effect of non-task related environmental auditory stimulation has been limited to the effects of
background music on arithmetic task performance by children with ADHD (Abikoff,
Courtney, Szeibel, & Koplewicz, 1996; Gerjets, Graw, Heise, Westermann, & Rothenberger,
2002). In addition, road traffic noise was found to improve episodic memory among children
from households with low socio-economic status, a group that is likely to be distinguished by
attentional problems and academic under-achievement (Matheson et al., 2010; Stansfeld et al.,
2005). However, these studies have not provided a satisfactory theoretical account for why
noise, under certain circumstances, can be beneficial for cognitive performance.
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There are some early studies that provide a theoretical account for noise enhancement. In
these studies, hyperactive children improved their performance in demanding attention
tasks where noise was introduced by visual stimulation (Zentall, 1986; Zentall & Dwyer,
1989; Zentall, Falkenberg, & Smith, 1985), or auditory stimulation (Zentall & Shaw, 1980). In
these experiments the positive effect was attributed to a general increase of arousal,
formulated in a theoretical framework named “the optimal stimulation theory” (Zentall &
Zentall, 1983). However, this optimal stimulation theory has not been explored or developed
further.

The aim with the present chapter is to present a plausible theoretical explanation as to why,
when, and how noise can improve executive functions and cognitive performance in various
tasks. Our research has recently extended these findings and for the first time will here be
suggested a theoretical framework for understanding which conditions are necessary for
noise induced cognitive enhancement to occur. We have shown that auditory noise has
different effects on the memory performance of children with an ADHD diagnosis
compared to normally developed children (Séderlund, Sikstrom, & Smart, 2007). These
effects have been replicated, and found valid in further studies comprising sub-clinical,
inattentive participants (Soderlund, Marklund, & Lacerda, 2009; Soderlund, Sikstrom,
Loftesnes, & Sonuga-Barke, 2010). In the following section we introduce a model and
findings that demonstrate a link between noise stimulation and cognitive performance. This
has been named the Moderate Brain Arousal (MBA) model (Sikstrom & Soderlund, 2007),
which suggests a link between attention, dopamine transmission, and external auditory
noise (white noise) stimulation.

2. The phenomenon of Stochastic Resonance

Perceptual stochastic resonance (SR) is the counterintuitive phenomenon by which weak
sensory signals that cannot be detected because they are presented below the detection
threshold, become detectable when additional random (stochastic) noise is added (Moss,
Ward, & Sannita, 2004). Signaling in the brain is characterized by noisy inputs and outputs.
The crucial task of the central nervous system is to distinguish between the signal, the
information-carrying component, and noise that constitute meaningless neural inputs. The
paradox is that the brain can actually use noise to differentiate the signal in the targeted
stimuli from noise, so noise actually improves or increases the signal-to-noise ratio. The
requirement for this phenomenon to occur is the introduction of non-linearity in the
response, for example through a threshold function. This is shown in Figure 1, where the
noise and the signal interact. The noise adds to the signal and brings the neuron over the
activation threshold, and elicits a neural response (action potential), giving the auditory
system a representation of the signal (a sinus tone).

SR is well established across a range of settings, and exists in any threshold-based system.
The concept of SR was originally introduced to explain climate changes (Benzi, Parisi,
Sutera, & Vulpiani, 1982), but has been identified in a number of naturally occurring
phenomena, some examples are: in bi-stable optical systems (Gammaitoni, Hinggi, Jung, &
Marchesoni, 1998); in mechanoreceptors of the crayfish (Douglass, Wilkens, Pantazelou, &
Moss, 1993); and in the feeding behavior of the paddlefish (Russell, Wilkens, & Moss, 1999).
SR is in particular found in the nervous system, distinguished by its all-or-none nature of
action potentials.



Distractor or Noise? The Influence of Different Sounds
on Cognitive Performance in Inattentive and Attentive Children 235

it} == b - -
=3 =2 =1 1] 1 2 3
lima

Fig. 1. Stochastic resonance where a weak sinusoidal signal goes undetected as it does not
bring the neuron over its activation threshold. With added noise, the same signal results in
action potentials.

In humans SR has been found in different modalities: in touch, where tactile random
stimulation made skin receptors more sensitive (Wells, Ward, Chua, & Timothy Inglis,
2005); in audition, where white noise improves auditory detection in a group with normal
hearing (Zeng, Fu, & Morse, 2000), and in participants with cochlear implants (Behnam &
Zeng, 2003); in vision, where visual (flickering) noise improved detection of weak signals
(Simonotto et al., 1999). Interestingly, cross modal SR has been found, where weak visual
signals became detectable when participants where exposed to loud auditory white noise
(Manjarrez, Mendez, Martinez, Flores, & Mirasso, 2007). SR can improve motor control and
balance as well. Elderly, diabetics, and Parkinson patients’ performance was enhanced
through stochastic noise transmitted by vibrating soles (Novak & Novak, 2006; Priplata,
Niemi, Harry, Lipsitz, & Collins, 2003; Priplata et al., 2006). In neurodegenerative disorders
galvanic stimulation of the vestibular organs improved motor control considerably (Pan,
Soma, Kwak, & Yamamoto, 2008; Yamamoto, Struzik, Soma, Ohashi, & Kwak, 2005). To sum
up, SR is present in the entire nervous system in all modalities, and it seems that the
nervous system can take advantage of noise both in sensory discrimination and motor
control. SR is usually quantified by plotting detection of a weak signal, or cognitive
performance, as a function of noise intensity. This relation exhibits an inverted U-curve,
where performance peaks at a moderate noise level. That is, moderate noise is beneficial for
performance, whereas too much, or too little noise attenuates performance.

While less known, empirical evidence also suggest that SR improves central processing in
the brain and thus improves cognitive performance. For example a facilitating effect of
cognitive SR has been found where auditory noise improved the speed of arithmetic
computations in a normal group of school pupils (Usher & Feingold, 2000). In a visual task,
face recognition, response times got shorter when the vestibular organs where stimulated by
a weak stochastic galvanic current (Wilkinson, Nicholls, Pattenden, Kilduff, & Milberg,
2008) finally, figure copying became more accurate when exposed to galvanic stimulation
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(Wilkinson, Zubko, Degutis, Milberg, & Potter, 2009). This indicates that also higher
cognitive processing is susceptible for SR.

3. Individual differences in SR and the Moderate Brain Arousal Model (MBA)

Most of the above-referred references of the SR-effect are made with normal populations,
and the revealed effects of noise are found to be valid for the entire population. Our research
group has focused on cognitive effects of SR in particular groups with attentional problems,
like in ADHD, where we have found differential effects of noise on cognitive performance.
Some groups of participants improve their performance, whereas the performance other
groups deteriorate when exposed to noise. The question is how these differentiations can be
explained. We propose the Moderate Brain Arousal model (MBA) which is developed to
address and explain these differences (Sikstrom & Soderlund, 2007). The MBA model was
developed to respond to the limitation of standard psychophysical models in explaining the
noise facilitating effect in children with attention problems. The model is based on
established facts concerning SR; first, that the SR phenomenon is highly sensitive to the
intensity of the signal and; second, the intensity of the noise, where the cognitive or
perceptual performance shows an inverted U-shaped curve when plotted against noise
intensity (e.g. Moss, et al., 2004). Thus, a moderate level of noise is beneficial for
performance. Too little noise does not add sufficient input to bring the signal over the
activation threshold, and too much noise overpowers the signal - in both cases leading to
deterioration in attention and performance. The crucial and innovative insight of the MBA
model is that there are individual differences in the benefit of noise; some people need just a
small amount of noise and some need a lot of noise to achieve optimal performance (see
Figure 2). This is because individuals differ in internal levels of background noise and signal
levels in their neural systems. That is, where noise levels are low, external noise has to be
added to reach an optimal performance, and to achieve a moderate brain arousal level.
Furthermore, required noise levels are linked to neurotransmitter function and in particular
to dopamine. A hypo-functioning dopamine system is linked to inattention, and recent
research suggests that ADHD possess low levels of extracellular dopamine (Solanto, 2002;
Volkow et al., 2009; Volkow et al., 2007). The MBA model proposes that noise, as an
alternative to stimulant medication, can compensate for low dopamine levels (Sikstrom &
Soderlund, 2007).

In summary, the MBA model posits that cognitive performance in ADHD and inattentive
children benefits from noisy environments because the dopamine system modulates the SR
phenomenon. It suggests that the stochastic resonance curve is right shifted in persons with
a ADHD diagnose due to lower gain or lower dopamine. levels The MBA model predicts
that for a given cognitive task ADHD children and inattentive children require more
external noise or stimulation compared to control children, in order to reach optimal (i.e.
moderate) brain arousal level (see Figure 2). This prediction has been tested and confirmed
in several different settings with various participant groups and tasks. Word recall tests in
children with ADHD (Soderlund, et al.,, 2007), non-clinical, inattentive school children
(Soderlund, et al., 2010), and low performing school children (Soderlund & Sikstrom, 2008).
The effect has also been found in a dichotic listening task, and in a visuo-spatial working
memory task in a normal student population, where half of the participants rated
themselves as inattentive (Soderlund, et al., 2009). At the moment we have preliminary data
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showing significant effects of noise on three different cognitive tasks in parity with, or even
larger, than the effects of stimulant medication (S6derlund et al., in progress).
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Fig. 2. The relationship between noise levels, attention ability, and cognitive performance.
Sub-attentive participants (e.g. ADHD) require more noise for maximal performance
according to the MBA model.

4. The difference between distractors and noise

As shown in numerous experiments, environmental auditory noise exerts a negative
influence on schoolwork and on cognitive performance in general. Comparisons have been
made with various sounds that are proposed to have a negative impact on different kinds of
intellectual work. Both irrelevant meaningful speech and road traffic noise have been found
ta have a detrimental effect on both semantic and episodic memory recall in adults (Hygge,
Boman, & Enmarker, 2003). Also school children were susceptible to these kinds of
distractors when performing mathematical computations (Ljung, Sorqvist, & Hygge, 2009).
Aircraft noise seems to be detrimental during most kinds of work that require attention
(Hygge, Evans, & Bullinger, 2002; Matheson, et al., 2010; Stansfeld, et al., 2005), even the day
after the noise exposure (Stansfeld, Hygge, Clark, & Alfred, 2010). Semantically meaningful
irrelevant information is found to be distracting, but does also interact with working
memory capacity; persons that possess a high working memory capacity were less
distracted by irrelevant speech than peers with lower capacity (Sorqvist, 2010a, 2010b;
Sorqvist, Ljungberg, & Ljung, 2010).

In the present study we further investigated different environmental soundscapes that have
ecological relevance out of a school perspective, and their impact on a demanding working
memory task. For this purpose we created four different background noises or soundscapes
that could occur in a classroom setting: 1) speech or classroom noise; 2) white noise; 3) a mix
of speech + white noise; and finally 4) a silent condition. We posed the question whether
pure noise is the best way of introducing cognitive enhancement in inattentive children, or
whether ecologically valid soundscapes could produce similar cognitive enhancement.

We predicted that auditory environmental stimuli would have a positive effect on inattentive
persons and be detrimental to the attentive persons. In particular, based on previous data, we
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predicted this effect to occur for white noise. However, we posed no direct prediction on
whether speech might produce cognitive enhancement effects on inattentive children.

5. Methods
5.1 Participants

Twenty-two primary school children between 7 and 10 years old (M = 8.3 yrs) participated in
the present study (14 boys and 8 girls). The twenty-two participants were screened and
selected out of a group of 33 participants according their attention ability as reported by their
teachers. The eleven that scored lowest on the attention scale where selected for the inattentive
group while the ones that scored high on attention formed the attentive group. What was
considered normal or above average in attention was decided according to their teacher’s
judgments. For this purpose a SNAP score with 18 questions were used (Swanson et al., 2007).
Mean score for the inattentive group was 28.8 and for the attentive 1.5. 28 points is slightly
below the cut off point for ADHD diagnosis (36). None of the participants were consequently
diagnosed with ADHD or any other neuropsychiatric diagnoses. Participants were also
considered to be within a normal range with regard to general school performance.

5.2 Materials

A visuo-spatial working memory (vsWM) test was used (spanboard; Westerberg,
Hirvikoski, Forssberg, & Klingberg, 2004). This test is a sensitive measure of cognitive
deficits in ADHD. The test determines working memory capacity without being affected by
previous skills or knowledge. The visuo-spatial WM task consists of red dots (memory
stimuli) that are presented one at a time at a computer screen in a four by four grid. Inter-
stimulus-intervals were 4 seconds, target is shown for 2.225 sec and a 1.725 sec pause is
given before the next target turns up. Participants are asked to recall location, as well as the
order in which the red dots appear. The working memory load increases after every second
trial, and the working memory capacity is estimated based on the number of correctly
recalled dots. Dependent variable was total number of correctly recalled dots.

All noise conditions were recorded and reproduced on a CD player. The speech part of the
speech and noise condition was recorded at a café at Stockholm University, where five
students discussed films, books, and what they did over the weekend. The equivalent
continuous sound level of the white noise was set to 78 dB(A) in the three noise conditions, in
accordance with findings from earlier studies (Soderlund, et al., 2007; Soderlund, et al., 2010).

5.3 Design

We used a 2 x 4 design, where sound environment (silence vs. white noise; silence vs.
speech; silence vs. speech + white noise) was the within group variable. The between group
variable was teacher rated classroom attention level (attentive vs. inattentive)

5.4 Procedure

The testing was conducted at the children’s school, following permission from parents and
children. The regional ethic board in Stockholm approved the study. The participants were
tested individually in a room during the school day.
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The participants were tested individually in a room during the school day. All participants
used the same 15" laptop PC for the visuo-spatial test (span-board). Headphones provided the
noise, and dB levels where checked for all participants ahead of every session. Before starting
the experiment proper, two practice trials were conducted. The time taken to complete each
test was approximately 5 minutes, depending on the performance level (the better
performance the longer time). Altogether, the testing sessions lasted approximately 30 minutes
including instructions and test trials. The noise conditions were presented in random order so
each condition appeared equally many times in each position (first, second, third, and forth).

6. Results

A 2 x 4 mixed ANOVA was conducted including all noise conditions. No main effect of
noise was found, but a significant overall interaction was found between noise and group
(F(18,3)= 3.44, p= .039, eta2 = .365). The difference between groups was also significant,
where the attentive group outperformed the inattentive group in all conditions (F(20,1) =
12.63, p = .002, eta2 .387)

Thereafter we conducted three separate 2 x 2 mixed ANOVA'’s, one for each noise condition.
It comprised one between-subject factor, group (attentive vs. inattentive) and one within-
subjects factor, encoding stimulation condition (silence vs. white noise; silence vs. speech;
silence vs. speech + white noise). The data from these tests are presented in the three graphs
below. In neither of the three noise conditions we found a main effect of noise, but in two
out of three conditions we found a robust noise x group interaction.

In the first ANOVA, (silence vs. white noise, Figure 3) we found an interaction between

group and noise. The inattentive group improved its performance whereas the attentive
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Fig. 3. Number of correctly recalled items in a visuo-spatial working memory task as a
function of noise condition; silence vs. white noise in two groups: attentive (N=11) and
inattentive (N=11).
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group declined under the white noise condition (F(20, 1)= 8.17, p = .010, eta2 = .290). A one-
way ANOVA showed that the difference between groups in the silent condition
disappeared in the noise condition (p <.001 vs. p=.222)
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Fig. 4. Number of correctly recalled items in a visuo-spatial working memory task as a
function of noise condition; silence vs. speech noise in two groups: attentive (N=11) and
inattentive (N=11).

45 1 =——¢=[nattentive
—@- Attentive
40 -
()]
Q
€ 35 -
(]
£
| .
0 30 -
[
| =
[)]
Q55 ‘
20 - i
15 )

silence speech + noise

Fig. 5. Number of correctly recalled items in a visuo-spatial working memory task as a
function of noise condition; silence vs. speech noise in two groups: attentive (N=11) and
inattentive (N=11).
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A paired samples test, testing groups separately, revealed that the decrease for the attentive
group was significant (t(10)= -2.95, p = .015), whereas the increase in performance for the
inattentive group did not reach significance (t(10)= 1.02, p = .333; Figure 3).

The second ANOVA (silence vs. speech, Figure 4) also showed a significant interaction, in
this case, between group and speech (F(20, 1)= 6.15, p = .019, eta? = .246). The inattentive
group performed better and the attentive group performed worse in the speech condition as
compared to performance in the silent condition.

A paired samples test, testing groups separately, revealed that the increase for the
inattentive group was significant in the speech condition (t(10)= 3.01, p = .013) whereas the
decrement for the attentive group was not (t(10)= .981, p = .350). Finally, the one-way
ANOVA showed that, despite the improvement for the inattentive group, in the speech
condition the difference between groups remained significant (F(20, 1)= 5.43, p = .030).

In the last ANOVA (silence vs, speech + noise, Figure 5) there was no interaction between
the group and noise condition The robust different between groups remained in the speech
+ noise condition (F(20, 1)= 16.94, p = .001). Neither did a paired sample t-test reveal a
difference between groups as an effect of noise, both groups performed at the same level in
silence as in the speech + noise condition (p=.766 vs. p = .368)

7. Conclusions and future challenges

As predicted, the results shown above confirm earlier findings showing different effects of
white noise on attentive and inattentive children selected from a normal population. The
sub-clinical inattentive group did indeed benefit from noise, while their attentive peers did
not. Interestingly, the speech (classroom noise) condition did not lead to any detrimental
effects for the inattentive group, but improved their performance as well. These results
suggest that the beneficial effects of auditory environmental stimulation on inattentive
people are found not only in pure noise conditions, as has been found previously, but
generalize to broader sets of environmental sounds. In particular, this study demonstrates
that noise enhancement can be found for speech. To what extent noise enhancement effects
generalize to other auditory stimuli is still unexplored. However, these results suggest that
we need to be open to the idea that wider sets of environmental stimulation may serve the
benefit of cognitive enhancement in inattentive people. The cafeteria/classroom noise
condition improved working memory performance for the inattentive group, whereas the
attentive participants’ performance decreased.

The reviewed literature has found inconsistent results regarding the effect of noise on
performance in cognitive tasks. Studies have shown detrimental effects, no effects, and that
noise interacts with other variables such as gender or time of the day (Baker & Holding,
1993; Baker, Holding, & Loeb, 1984; Belleville, et al., 2003; Boman, Enmarker, & Hygge, 2005;
Rouleau & Belleville, 1996). It is plausible that controlling for participant characteristics such
as age, attention ability and working memory capacity would provide other results.
Differential effects of noise can be hidden in group means, were some participants improve
while the performance of others is impaired.

Our findings suggest a need for further studies of psychoacoustics on different soundscapes.
Previous research has focused on testing different noise levels (amplitudes in dB) over
larger samples of participants. However, the data presented here propose that different
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sounds need to be investigated in relation SR. White noise might be tiring to listen to for
extended periods. Future research needs to address the question of whether sounds from
waterfalls, shivering leafs or sounds from bamboo grass could be beneficial as well. These
noise-like sounds possibly include sufficient variability in both amplitude and frequencies
to induce the required increase of variability into the nervous system.

Future studies should investigate the neurophysiological traces set by noise by EEG
measures. Earlier studies have shown that ADHD patients display elevated relative theta
power, theta/alpha, and theta/beta ratios during rest (Barry, Clarke, & Johnstone, 2003). We
have reason to believe that noise exposure could normalize these anomalies, and increase
the level of beta and gamma activity particularly. Beta and gamma activity is crucial for
higher mental activities, such as focused attention. Furthermore, the expanding field of
neuro-feedback is providing /investigating interesting tools to improve attention; however,
small effect sizes have been shown this far (Arns, de Ridder, Strehl, Breteler, & Coenen,
2009; Gevensleben et al., 2009). The outcome effects of neuro-feedback might get boosted if
combined with noise exposure and may, in particular, shorten the time needed to obtain
robust and long-lasting effects. The field of noise-induced improvement is still in its infancy,
and a lot of research is needed to get a good picture of the potential contributions from this
new field. Nevertheless, we find the results very promising this far, and foresee a growing
field of possible applications. In Swedish education and elsewhere, school failures increase.
Current figures show that about 25% do not achieve a complete exam from compulsory or
upper secondary school (Skolverket, 2005). Individually adapted study environments,
utilizing the benefits of noise, may be one possibility to turn this downward trend.
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1. Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is one of the most frequent
neuropsychiatric diagnoses during childhood, varying between 2 and 10% depending on
country or cultural area. In our country (R. Macedonia), the incidence of ADHD is about 2%.
The other labels of the disorder introduced in the past are hyperactivity, hyperkinesis,
hyperkinetic syndrome, minimal brain dysfunction and minimal brain damage. According
to DSM - IV (American Psychiatric Association, 1994) there are three main clinical forms of
this disorder: inattentive, hyperactive/impulsive and combined. European diagnostic
criteria for hyperkinetic disorder as defined by the ICD-10 (International Classification of
Diseases, 10th revision, 1993) include children displaying developmentally inappropriate
levels of attention, hyperactivity and impulsivity that begin in childhood and cause
impairment to school performance, intellectual functioning, social skills, driving and
occupational functioning. Generally, ICD-10 criteria are more restrictive than DSM-IV
diagnosis because they need a greater degree of symptom expression.

The overlapping of all three forms with learning disabilities is very high (up to 70%), as well
as with conduct problems. The inattentive (ADD) form mainly overlaps with anxiety
disorders and learning disability, while hyperactive form (ADHD) mostly overlaps with
conduct disorder. Some children with ADHD have movement disorders or tics and
occasionally they may have seizure disorders (Barkley, 1990). Strong genetic component
related to defect in chromosome 11 is showed in some studies (Anokhin et all. 2006).
Concerning the involvement of specific neurotransmitter systems in the pathophysiology of
ADHD some authors suggest that the catecholaminergic dysregulations are centrally
involved.

This chapter is mainly devoted to the QEEG characteristics of ADHD in children, connected
to endophenotypes, event related potentials, brain rate and biofeedback treatment. Firstly, it
will be explained why QEEG recording is important for the exact diagnostics and the
therapy planning for ADHD children. Based on QEEG differentiation, the endophenotypes
clustering enables more precise diagnostics. In addition, it will be shown that event related
potentials (ERP’s) are related to the possible dysfunction of executive system, as a part of the
brain the most involved in this disorder. The applied calculation of brain rate is our original
proposal for the evaluation of general mental activation level, considering under or over-
arousal states, so that the planning of the treatment protocols becomes more easy.
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Finally, biofeedback will be offer as the non-pharmaceutical treatment for ADHD, with
long-term effects.

2. QEEG recording

The EEG recording is a noninvasive, painless, and safe measurement using digital
technology of electrical patterns at the surface of the scalp which primarily reflect cortical
electrical activity or brainwaves. The Quantitative EEG procedure uses multi-electrode EEG
recording where the data are processed with various algorithms and than statistically
analyzed comparing values with normative database reference values. The processed EEG
could be also converted into color maps of brain functioning called brain maps.

The placement of electrodes from the first recording (introduced in 1924) was strongly
precise and the system was called the10-20 International System of Electrode Placement.
This system of recording is used until now. The "10" and "20" refer to the fact that the actual
distances between adjacent electrodes are either 10% or 20% of the total front-back or right-
left distance of the skull (Fig.1).
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Fig. 1. The 10-20 International System
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Each site has a letter to identify the lobe and a number to identify the hemisphere location.
The letters F, T, C, P and O stand for Frontal, Temporal, Central, Parietal, and Occipital,
respectively. Note that in fact there exists no central lobe, the "C" letter is only used for
identification purposes only. The letter "z" (zero) refers to an electrode placed on the
midline. Even numbers (2, 4, 6, 8) refer to electrode positions on the right hemisphere,

whereas odd numbers (1, 3, 5, 7) refer to those on the left hemisphere.

One important element of the EEG signal is its rhythmicity. Rhythms differ in frequency,
location, mechanism of generation and functional meaning. They evolve in time, so that a
representative EEG recording usually takes three or more minutes (in our patients we use
five minute recording). For compressing the information about rhythmicity over time, as a
most powerful method, the Fourier analysis is used. The parameters of Fourier analysis can
be adjusted to the goal of a specific task.

When EEG is recorded from many electrodes that cover the whole cortex, it is possible to
compute a 2D representation of a measured EEG characteristic. The characteristics could be
either potential or power taken at a particular frequency.

Computerized analysis of EEG signals involve a number of factors: frequency distribution,
voltage (as amplitude of the signal), locus of the phenomena, wave shape morphology,
inter-hemispheric symmetries, character of waveform occurrence and reactivity (changes in
an EEG parameter with changes in state).

The pattern of neuronal oscillations plays an important role in the evaluation and treatment
of children (and adult as well) with ADHD. These patients are characterized with QEEG
abnormalities in up to 80%. In this population, frontal regions are most likely to show
deviations from normal development, with disturbed thalamo-cortical and septal-
hippocampal pathways, altogether named as executive system.

The term “executive functions” refers to the coordination and control of motor and cognitive
actions to attain specific goals. In neuropsychology, the term “executive functions” has
long been used as a synonym for frontal lobe function. A modern view postulates several
sub-components in the hypothetical executive mechanism. In a frequently cited
classification, Smith and Jonides (1999) distinguished between mechanisms relating to (a)
attention and inhibition, (b) task management, (c) planning, (d) monitoring and (e)
coding. There is, however, no consensus on the number and the precise nature of
functional subcomponents.

As we said previously, it is supposed that the main brain system impaired in ADHD is the
executive system. The executive system is characterized by two parameters: general
activation of the system (arousal = A) and the response associated with different operations
such as working memory, action selection, action inhibition and action monitoring (focused
activation = At).

It is well known that EEG recorded in eyes open (EO) and eyes closed (EC) resting state is
good indicator of metabolic activity in the brain cortex. Low metabolic activity in the area
that generates the corresponding EEG is characterized by increase of slow activities (delta
and theta waves) and decrease of beta activities. It means that in this condition, the level of
activation is low (low A), as well as the amplitude of responses we named focused activity
(At) is also low.
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The early studies of EEG abnormalities in children with minimal brain dysfunction are
made in the period 1930-1950. Basically, EEG studies showed the increase of delta and theta
bands in central and frontal regions during EEG recording. This finding was confirmed by
quantitative EEG analysis in the 1970s and later. These studies are supported by recent PET
(positron emission tomography) and SPECT (single photon emission computerized
tomography) scan studies, which also indicate abnormalities in cerebral metabolism in these
particular brain areas.

The most studies of QEEG in ADHD population confirm elevated levels of slow wave
power in frontal region indicating frontal lobe deactivation, in comparison to normal
children. These children experience decreased metabolism in prefrontal regions of the brain
and have been good candidates for the use of stimulant medication or neurofeedback. Other
children show deficits in limbic system activity and are characterized as having oppositional
behavior, emotional outbursts, and impulsiveness. These children also show significant
decreased metabolism in the prefrontal lobes and the anterior cingulated gyrus. They are
good candidates for the use of tricyclic antidepressants. The third subgroup comprises
individuals who have increased activity in the medial superior frontal gyrus. Although
these children experience ADD they are often characterized as having an attention deficit
with obsessive-compulsive disorder. They have a very short attention span and are often
impulsive and oppositional. These patients sometimes respond to clomipramine. By far the
most common group of children with ADD consists of those with excessive slow activity in
frontal and central brain regions.

Having in mind that the absolute values of EEG spectra depend on some brain unrelated
features, such as thickness of the skull, a relative parameter defined as the theta-beta ratio is
introduced. Multi-centric studies in USA (Monastra et al. 2001; Lubar 1991, 1997; Mann et al
1992) used the theta-beta ratio as an index of inattention. This so called inattention index is
defined as a ratio of theta EEG power (measured within the 4-8 Hz frequency band) and
beta EEG power (measured within 13-21 Hz frequency band). Usually this index is
calculated by EEG recording at a single place Cz in reference to linked ears. It was found
that this index is three times higher in inattentive and combine types of ADHD children at
the age of 6-10 years compared with normal group. Monastra et al. (2001) found that the
sensitivity of this index was 86% and his specificity is 98%.

Opposite to these findings Russian scientists from the Human Brain Institute in St
Petersburg (Kropotov, 2009) showed that this index is a good measure only for a part of
ADHD population. Mapping this index in normal population showed that the location of
the maximum of this index changes significantly with age. For example, the maximum of
theta-beta index move from central-parietal location at 7-8 years old children to frontal-
central location in adults. The conclusion was that for better results in discriminating the
ADHD population from healthy subjects this index must be measured in different electrode
position depending on age.

Generally, we can infer that QEEG recording is needed for more precise diagnostics of
ADHD, in addition to the clinical criteria. The method is a non invasive, relatively easy for
manipulation with standardized locations of the electrodes over the scalp. The recording is
performed in different conditions: eyes open, eyes closed and during some cognitive tasks
(Go/ NoGo paradigm, visual or auditive performance tasks, reading or math tasks). QEEG
is useful if neurofeedback treatment is planned to be applied.
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3. Endophenotypes

Endophenotypes are characteristics indicating biological markers of the brain disease.
Endophenotype must obey some requirements: a) to be stable and reproducible in time
intervals during which behavioral patterns associated with the state of the brain remain
unchanged; b) endophenotype must reflect a function of a certain brain system that in a
specific way determine the human behavior; and c) it must be inherited. EEG spectra, or
amplitude of the background EEG in certain frequency bands, obey these requirements and
consequently can be considered as endophenotypes.

We said in the previous text that EEG oscillations (expressed as e.g. alpha or theta rhythm)
wane and wax in time. The degree of variability of the basic oscillation depends on the
frequency band and the state (eyes open, eyes closed, task etc) of the subject. For example,
alpha spindles in the posterior regions vary with periods of few seconds, and burst of the
frontal midline theta appear with interburst periods of few deco-seconds. However, if
averaged over significantly long time intervals the resulting spectra become quite stable
characteristics of the brain. So, these characteristics of EEG spectra could be considered as a
reliable and stable estimation of the brain functional state.

Different oscillations reflect different mechanisms: alpha rhythms reflect the state of thalamo-
cortical pathways; frontal midline theta rhythms reflect functioning of the limbic system; beta
rhythms are more local reflecting state of specific cortical areas. So, defining abnormal
rhythmic activities in EEG and associating these abnormalities with distinct systems fit the
second requirement for endophenotypes as the biological markers of disease. Finally, there is
strong experimental evidence that spectral characteristics of EEG are inherited.

Generally, it can be said that endophenotype is becoming an important concept in the study
of different mental disorders such as ADHD, schizophrenia etc. The term was coined in 1966
and applied in psychiatry by Gottesman and Shileds in 1972. It is gradually substituting
some similar terms such as “biological markers”, “vulnerability marker”, “subclinical traits”
or “intermediate phenotype”. An endophenotype may be neurophysiological, biochemical,
endocrinological, neuroanatomical, or neurophychological in nature. Endophenotype
represents simpler clue to genetic mechanism than the behavioral symptoms.Thereby,
endophenotypes can help to define subtypes of a particular disorder and can be used as a

quantitative trait in genetic analyses of probands and families.

For example, some researchers suggest a biological rationale for lack of inhibition as an
endophenotype for ADHD. Inhibitory tasks activate the prefrontal cortex and basal ganglia,
regions in which the dopamine system is associated with executive functioning. Tests of
inhibitory function, such as the stop signal task, often consists of two concurrent tasks (a "Go"
task and “NoGo” task) in which the subject is signaled to produce a particular response. An
individual with a poor inhibitory system will have a long reaction time. This deficit, being
replicated several times, is concerned to be specific to ADHD. Imaging studies have shown
that this inhibitory task activates the prefrontal cortex and basal ganglia. Inhibition also
correlates with family history, so that 48.1% subjects with poor inhibition have a family history
of ADHD compared with only 7.7% of normal controls. (Crosbie, Schachar, 2001).

Endophenotypes may also be useful in exploring different pathways leading up to the
disorder. Patients having the same diagnosis may differ strongly in the number and severity
of symptoms they portray, suggesting heterogeneity in the causal pathways. Creating more
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homogeneous subgroups of patients based on their endophenotypic functioning, may
facilitate unraveling these differential causal pathways.

Recently, a QEEG spectrum classification of ADHD population has been developed defining
four main subtypes: I subtype (abnormal increase of delta-theta frequency range centrally or
centrally-frontally), II subtype (abnormal increase of frontal midline theta rhythm), III
subtype (abnormal increase of beta activity frontally), and IV subtype (excess of alpha
activities at posterior, central, or frontal leads).

In the following, I will show (on Figs. 2-8) some our examples of QEEG spectra from
different subtypes of ADHD children (Pop-Jordanova 2007, 2009; Zorcec 2007, 2008).

The first and second subtypes are characterized clinically with inattention, while in the third
subtype mainly hyperactivity, impulsivity and social inadaptation are prevalent. The low
attention span is also the main complain of children with alpha excess.

Among the investigated Macedonian ADHD children (over 250), very slow alpha excess
(subtype 4) was showed in 25% of children, and high theta/beta ratio in frontal-central
cortex (subtype 1) in other 25% of children. The majority of 48% belong to the combined 1
and 2 subtypes. Very rarely (under 2%) we found subtype Il were overactive cortex is
typical finding (Pop-Jordanova et al. 2007; Zorcec et al. 2007, 2008).
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Fig. 2. Subtype I - High delta and theta amplitudes in frontal-central cortex
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As can be seen on Fig. 1, in frontal and central region of brain cortex the dominant frequencies
are in the range of delta and theta waves, while alpha and beta waves are practically absent.
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Fig. 3. Subtype II Excess of frontal-midline theta

On Fig.3 we can see a pick of theta activity (P 6.54 Hz) in frontal-midline area as the most
important finding. It is also combined with generally slow activity (lack of alpha and beta
activity). The same is visible on the row EEG record shown in Fig. 4.

Both Fig.5 and 6 show over activation of the cortex expressed by the pronounced beta brain
waves.

In addition to the QEEG, SPECT (Amen, 1997, Amen et al. 1998) shows the corresponding
specifics in ADHD children which can be summarized as:

frontal lobe deactivation (presented clinically as ADD, which usually respond to
therapy with Ritalin)

temporal lobe dysfunction (very like temporal epilepsy, respond to therapy with
anticonvulsant)

homogenous cortical suppression (respond to combination antidepressives + Ritalin)
increased activity in the anterior medial aspects of the frontal lobes - gyros rectus
(responds to alpha adrenergic blockers like clonidine)

hypofrontality at rest, but normal frontal activity in intellectual stress (respond to Ritalin)
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Fig. 4. Subtype II - row EEG recording
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Fig. 5. Subtype III - over activated beta in frontal, central and parietal cortex
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Fig. 6. Row EEG recording - overactive cortex
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Fig. 7. Subtype IV - alpha excess
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Fig. 8. Subtype IV- Row recording alpha excess

The evidence is not sufficient to permit conclusions about the benefits of SPECT imaging in
the diagnosis and treatment of ADHD. A significant number of published studies are
focused on investigating differences in regional cerebral perfusion in response to drug
therapy and on serotonin and dopamine receptor and transporter activity. These studies are
only preliminary. On the other side, the risks associated with SPECT imaging include
exposure to low-dose radiation which is not recommendable in children.

4. Event related potentials

As we said previously, the term “executive functions” refers to the coordination and control
of motor and cognitive actions to attain specific goals. The executive control is needed for
optimizing behavior. The need for an executive control mechanism has been postulated for
non-routine situations requiring a supervisory system (e.g. selection of appropriate action
from variety of options, inhibition of inappropriate actions, and keeping in working
memory the plan of the action as well as the outcome).

The executive system comprises a complex brain system such as several cortical and sub
cortical structures interconnected with each other. The cortical structures include the
prefrontal areas interconnected with the corresponding thalamic nuclei. The striatum is the
most important in the subcortical circuits and it is considered as a cognitive map of cortical
representations of actions. Together with basal ganglia the prefrontal cortex performs
executive functions associated with engagement, disengagement, monitoring operations and
working memory.

These operations of executive system are reflected in event related potentials (ERPs) evoked
in different paradigms like Go/NoGo, oddball and working memory tasks. In our practice
with ADHD children, we use the Human Brain Institute (HBI) normative database for
comparing the obtained ERPs from the patients and norms.
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The following executive components in the Go/NoGo stimulus tasks could be obtained:

- the motor and action suppression components associated with frontal negativivities at
200 millisecond (the conventional N2 inhibition component)

- the engagement component associated with parietal positivity at 300 millisecond (the
conventional P3b component)

- the monitoring component associated with frontal-central positivity at 400 millisecond
(P400).

The N2 motor inhibition component is generated in the ipsi-lateral premotor cortex, the P3b
component is generated in the parietal cortical area, and the ’400 monitoring component is
generated in the cingulated cortex. It is supposed that dopamine is the main mediator of the
executive system.

For the psychometric assessment of the executive functions in ADHD patients most
frequently we use the Stroop Color Word Task - SCWT (Stroop 1935), and Wisconsin Card
Sorting Test - WCST (Berg 1948).

The obtained results for a group of 30 children diagnosed as combined form of ADHD, aged
7-14 years are presented on Table 1 and Table 2 (Zorcec and Pop-Jordanova, 2010).

T-score Significance T-score Significance
WesT ADHD of the test controls of the test P
N categories 42 Low average 55 average 0,32
N perseverations 31 below average 51 average 0,00001*
N mistakes 32 below average 50 average 0,00000%
carts total 30 below average 52 average 0,00001*
M categories 31 below average 51 average 0,00001*

* statistical significance

Table 1. T-score and statistical significance for WCST obtained for ADHD children
compared with healthy control

SCWT X]?)CI?Ig: Significance of the test ;rc;;ifsfs Significance of the test P
Mistakes (St)II 50 average 55 average 01
Mistakes II1 29 Very low 50 average 0,00001*
Mistakes III/IT 28 Very low 53 average 0,00000*
St I-St 11 50 average 53 average 0,02

*statistical significance

Table 2. T- score and statistical significance for SCWT obtained for ADHD children
compared with healthy control

In the electrophysiological evaluation of ADHD children we used VCPT (visual cognitive
performance task) with two stimulus Go/NoGo task developed specifically for the HBI
database. The task consisted of 400 trials. The duration of stimuli is equal to 100 ms. Trials
consisted of presentation of a pair of stimuli with inter stimulus interval of 1.1 sec. Interval
between trials is equal to 3,100 ms and response interval from 100 to 1,000 ms. Subjects were
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instructed to press a button with index finger of their right hand as fast as possible every
time when animal or angry face was followed by an animal or angry face (Go condition),
respectively, and to withhold the suppressing on the other three trials (NoGo condition).

The VCPT during QEEG for ADHD children showed very high ommission and commission
errors, shorter reaction time (RT) and higher variation of the reaction time (var RT),
compared with the results obtained for control healthy children.(Table 3)

VCPT ADHD Norm t-test P
omission errors (Go) 32,25 4 15, 65 0, 00001*
commission errors (NoGo) 4,75 1 7,58 0, 0000*
RT (ms) Go 456, 89 486 -9,17 0, 00001*
var RT 18,97 11,7 8,78 0, 00000*

*statistical significance

Table 3. Statistical significance for VCPT forADHD children compared with tests norms

For the P3Go component (activation processes) we did not obtained significant differences
for the latency as well as for the amplitude, while for P3NoGo component (inhibition
processes) we obtained not significant differences for the latency, but significant differences
concerned to the amplidude. (Tabl. 4)

ADHD norm t-test P
P3Go (ms) 327,15 327,89 -0,12 0,9
P3Go (mV) 9,73 8,55 0,77 0,44
P3NoGo (ms) 402, 05 415,78 -0,69 0,49
P3NoGo (mV) 4,67 6,23 -2,89 0, 006*

*statistical significance

Table 4. Statistical significance for P3Go and P3NoGo for ADHD children compared
with tests norms

Generally, our research (Zorcec and Pop-Jordanova 2010) dedicated to the psychometric and
electrophysiological evaluation of children diagnosed as ADHD showed significant
presence of the perseverative mistakes and difficulties in the mental flexibility. The results
obtained for VCPT showed significantly higher ommission and commission errors, lower
reaction time (RT) as well as higher variation of time reaction (var RT) compared to the tests
norms. The P3Go component values in tle latency and amplitude did not differ from the
norms, but the PANoGo component showed significant difference in the amplitude.

5. Brain rate evaluation

Reviewing the EEG studies of patients with ADHD it can be concluded that most of them
have generalized or intermittent spectrum shift. It is the reason that we introduced the brain
rate calculation (Pop-Jordanova and Pop-Jordanov, 2005) in addition to theta/beta ratio for
both aims, in the assessment procedure and as a neurofeedback parameter.
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The brain rate (EEG spectrum weighted frequency) can be considered as an integral state
attribute correlated to brain electric, mental and metabolic activity. In particular, it can serve
as a preliminary diagnostic indicator of general mental activation (i.e. consciousness level),
in addition to heart rate, blood pressure or temperature as standard indicators of general
bodily activation.

In our research it was shown that brain rate can be used to discriminate between the groups
of under-arousal (UA) and over-arousal (OA) disorders, to assess the quality of sleep, as
well as to indicate the IQ changes caused by some environmental toxins (Pop-Jordanova
2009; Pop-Jordanov and Pop-Jordanova 2009, 2010). Brain rate is also suitable to reveal the
patterns of sensitivity/rigidity of EEG spectrum, including frequency bands related to
permeability of corresponding neuronal circuits. Based on all this findings, the individually
adapted neurofeedback protocols can be elaborated.

The main characteristic of the integral (polychromatic) EEG spectrum is its mean frequency,
weighted over the whole spectrum (brain rate - f;), defined as

fo= | VPIE, V=V

or
=S fR=Yfnk V=3V,

where, i denotes the frequency band (for delta i=1, theta i=2, etc.), and V; - the
corresponding mean amplitude of the electric potential. (Pop-Jordanova N., Pop-Jordanov J.,
2005)

In the following I will present some results obtained for brain rate (Demerdzieva, 2011)
calculated for a group of 50 patients diagnosed as ADHD (age 119. 98; SD = 25.32 months,
two females and 48 males) compared with a group of 50 healthy controls (mean age 117.84;
SD = 24.89 months, and the same gender ratio as the ADHD group) (Table 5).

Frontal Central |Posterior |Left Midline |Right

S |Normal’s vs.
< | ADHD
o9 0.000000 |0.000000 |0.000000 |0.029686 |0.000082
:
)

ECvs. EO 0.033569 | 0.015872 |0.000000 |0.000083 |0.000000 |0.000014
S |EOvs. VCPT  |0.000001
% |ECvs. VCPT 0.000000  |0.007530 |0.000000 |0.014954 |0.000000
é ECvs. ACPT  |0.000005 |0.000196 |0.000000 |0.000004 |0.000000 |0.000089
S | VCPT vs.ACPT
5 Ve 0.000005
)

Table 5. Summary of significant interactions between groups, conditions and regions for
brain rate results (evaluated with post hoc Bonferroni test)
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Maximum values of f, for sagittal topography were obtained in central and posterior regions,
which is statistically significant, F (3, 390) = 24.849, p =.00000 (Fig. 9, left panel). Anyway these
results are lower than those in healthy controls. According to the different conditions, obtained
results were also statistically significant, F (9, 949.31) = 72.294, p = 0.0000. Maximum values for
fv were obtained in the posterior region during EC and minimum values in the frontal region
again during EC condition for both ADHD and healthy groups..

Fig. 9. Results for f, values for sagittal topography according groups-left panel and
according conditions-right panel (EC-eyes closed, EO-eyes opened, VCPT- visual
continuous performance test, ACPT- auditory continuous performance test)

Maximum values of f, for lateral topography are obtained in the left and right sides (Fig.10, left
panel), which indicates higher excitability of lateral regions. The results are again significantly
higher in normal group which indicates under arousal (UA) in children with ADHD
(corresponding to subtype I prevalence). According different conditions in lateral topography
the lower f, values were obtained in midline for all four conditions (Fig.10, right panel).

Fig. 10. Results for f,, values for lateral topography according groups - left panel and
according conditions - right panel (EC-eyes closed, EO-eyes opened, VCPT-visual
continuous performance test, ACPT- auditory continuous performance test)
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The brain rate cocept is shown to be useful in the case of ADHD adults as well (Markovska-
Simoska and Pop-Jordanova, 2011). Maximum values of fb for sagittal topography are
obtained in central region, while the minimum in frontal region, corresponding to increased
arousal (which is in agreement with the neurophysiological considerations). Maximum
values of fb for lateral topography are obtained in the left and right sides, while the
minimum in the midline region, which indicates higher excitability of lateral regions. As
expected, a positive correlation between fb values and the QEEG spectra subtypes was
obtained. Lower values were found for first and second subtype, and higher for the third
and fourth subtype. This can be explained by the comparable arousal level for first and
second subtype, and higher arousal in the third and fourth subtype. On the other hand,
there was no correlation between behavioral symptoms (obtained with Barkley’s scale) and
fb values (i.e. spectrum gravity), as well as between QEEG ADHD subtypes and behavioral
symptoms, illustrating the heterogeneous and multifactorial character of ADHD.

Generally we can summarize that through different clinical experiments and pediatric
practice concerning brain rate it was shown that:

e  Brain rate may serve as an indicator of general mental arousal level, similar to heart rate
(Kaniusas et al, 2007), blood pressure and temperature as standard indicators of general
bodily activation.

e By comparing eyes closed and eyes open brain rate values the diagnoses of inner
arousal can simply be achieved (Pop-Jordanov and Pop-Jordanova, 2009).

e As a measure of arousal level, brain rate can be applied to discriminate between
subgroups (clusters) of “mixed” disorders (e.g. ADHD, OCD, headache) (Pop-
Jordanova, 2007, 2008, 2009).

e  Brain rate can be more useful for selecting patients which need neurofeedback training
(Pop-Jordanova, 2009).

6. Biofeedback treatment

Most prevalent approaches in the treatment of ADHD involve the use of stimulants,
occasionally supplemented by tricyclic antidepressants, alpha-blockers and, in rare cases,
antipsychotic drugs or selective serotonin reuptake inhibitors. In addition, the extensive
behavior management, cognitive-behavioral therapy, individual psychotherapy and family
system approaches have been applied. In the last two decades, biofeedback modalities have
been offered in the treatment of different conditions and diseases (Schwartz 1987).

Biofeedback modalities can be divided into peripheral (based on electromyography,
electrodermal response, heart rate, temperature, blood volume pulse) or central i.e.
neurofeedback (based on electroencephalography). In what follows, we will concentrate on
electrodermal response and neurofeedback.

Electrodermal response (EDR) is a complex reaction with a number of control centers in
CNS. Three systems related to arousal, emotion and locomotion are responsible for the
control of electrodermal activity (Bouscin 1992). The reticular formation controls EDR in
connection to states of arousal, the limbic structures (hypothalamus, cingulated gyres and
hippocampus) are involved in EDR activity related to emotional responses and
thermoregulation, while the motor cortex and parts of the basal ganglia are involved in
locomotion. In particular, skin potential and skin conductance used as parameters in EDR
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biofeedback are related to both sympathetic and parasympathetic arousal (Andreassi 2000;
Mangina 1996).

Treatment by EDR biofeedback is generally based on training patients in strategies for
lowering arousal and maintaining a healthful sympathetic/parasympathetic tone.
Consequently, EDR biofeedback modality is a first choice for introvert persons, where high
inner arousal is a typical finding and biofeedback training is supposed to lower sympathetic
activity. Changes in electrodemal activity can be reliably detected within one second of
stimulus presentation, often following a single event. It is important to know that
electrodermal conductance precede any other signals related to neuroimaging such a
positron emission tomography (PET), blood oxygen level-dependent functional magnetic
resonance (BOLD), single photon emission computerized tomography (SPECT) etc. In other
words, the changes of electroderamal activity can be registered before the changes obtained
by the other neuroimaging techniques.

Neurofeedback (NF) i.e. EEG biofeedback refers to a specific operant-conditioning paradigm
where an individual learns how to influence the electrical activity (frequency, amplitude or
synchronization) of his brain. It involves teaching skills through the rewarding experience of
inducing EEG changes reflected in a perceivable signal (light or sound). Neurofeedback has
been shown to be particularly useful in reference to pathologies characterized by
dysfunctional regulation of cortical arousal, such as epilepsy and attention deficit
hyperactivity disorder (Lubar 1991, 1997; Birbaumer 1999; Mann et al. 1992; Monastra 2001;
Pop-Jordanova et al 2005). Our team also used EEG biofeedback in anorectic girls (Pop-
Jordanova 2000, 2003), posttraumatic stress disorder - PTSD (Pop-Jordanova 2004),
headaches (Pop-Jordanova 2008), as well as for optimal school (Pop-Jordanova, Cakalaroska,
2008) and music performance (Markovska-Simoska et al. 2008).

As we explained previously, the application of spectral analysis to EEG shows that in some
brain dysfunctions the EEG amplitude in certain frequency bands significantly differs from
the EEG amplitude of healthy subjects. For example, a relatively large group of children
with ADHD reveals an excess of the theta/beta ratio i.e. decrease of fb in central - frontal
leads. This EEG abnormality is associated with hypo activation of frontal lobes.
Neurofeedback provides a best tool for correcting such deviations from normality.

Neurofeedback is based on three scientific facts. First, EEG parameters reflect brain
dysfunction in a particular disease (in the case of specific subgroup of ADHD children this
means the corresponding changes of theta beta ratio and of fb). Second, subject can
voluntarily change the state of his/her brain so that changes can be associated with
increasing or decreasing the relevant parameter. Third, the brain can memorize this new
state and keep it for longer time not only in lab conditions but also in other environments,
such as school, home etc.

For applying neurofeedback therapy, QEEG evaluation of each patient is needed. In our
studies the QEEG is obtained by standard MITSAR EEG recordings (21 electrodes), with the
administration of standardized tests: eyes-open (EO), eyes-closed (EC), visual continuous
performance (VCPT), auditory continuous performance (ACPT), reading test and math test.
EEG data are analyzed for frequency content using the fast Fourier transformation.
Statistical analysis compares subject’s data with a normative database corrected for time-of-
day variations. Data are also evaluated for percentage change across states and compared
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with a normative database for state modulation. The obtained topographic maps show
covariance between all sites at relevant frequencies compared with a normative database,
illustrating functional cortical interactions.

Many studies of QEEG for the ADHD group confirmed an increased theta activity
predominantly in frontal regions, and a decreased beta activity in comparison to normal
children (Mann et al 1992). In this context increased theta/beta ratio is reported as a typical
finding in ADHD children (Lubar 1991; Monastra et al. 2001; Muller, 2006). So, the typical
ADHD finding can be underarousal. As we said previously, the recent cluster analysis
identified several subgroups of ADHD based on different EEG topographies. As a
consequence, manly four distinct subgroups of ADHD with regard to electrophysiology are
defined (Kropotov, 2009).

Neurofeedback treatment is particularly indicated in ADHD patients who show excessive
EEG slowing in the superior frontal cortex or the midline central cortex (i.e. the first two
subtypes) The most relevant neurological EEG correlate in these ADHD cases is usually
assumed in the place where the highest ratio of theta/beta activity or lowest fb is seen, so
that placement of the electrode between Cz and Fz is the best for training. We followed two
consecutive treatment protocols. (1) Training to increase the SMR EEG rhythm (11 - 13 Hz)
and at the same time, starting to inhibit (decrease) slow activity in the theta range (4 - 8 Hz);
this approach is primarily used for the hyperactive component of ADHD. (2) Training to
focus attention aiming at increasing higher beta activity (16 - 20 Hz), while training for
decreasing the slow activity continued. The training is performed with 40 sessions, 60 min
duration per session, one per week. To obtain stress diminishing, before neurofeedback we
use peripheral biofeedback for all children.

Practically all neurofeedback interventions can be roughly reduced to the need of mastering
flexibility in increasing or decreasing the general mental activation, i.e. mental arousal
(which is somehow coupled with metabolic activity). Thereby, in practice, whenever a
certain band is trained, the other bands are affected too (it may even appear that e.g. "...the
changes that occurred as a result of stimulating in the alpha frequency were not in alpha but
were in beta..."(Lubar 1997). Therefore, the introduced brain rate f, could be employed as a
complementary biofeedback parameter, characterizing the whole EEG spectrum (as distinct
from e.g. theta-beta ratio). The rationale is that, according to the mentioned empirical
results, the EEG frequency shifts are related to mental activation / deactivation, as the main
objective of the treatment.

Using brain rate as a neurofeedback parameter for a group of ADHD children (N=50 mean age
11.11 years) Pop-Jordanova et al. (2005 and 2008) obtained the shifting of the spectrum from
under-arousal to normal mental arousal, and it corresponded to improved attention and
cognition as well as better school performance. Thereby obtained change of brain rate (i.e.
arousal level) appeared to be more realistic in respect to the changes of psychological state of
children than the drastic reduction of theta/beta ratio, which appeared to be even halved.

If we introduce brain rate as a general indicator of mental arousal in ADHD example, we
can see that the first two subtypes are correlated with lower brain rate, (underarousal-UA)
the third subtype with higher brain rate (overarousal-OA), while the four subtype is related
to excess of alpha activity and “normal” arousal state. In the first three subtypes of ADHD
the protocol for UA and OA is clear, while for the “normal” arousal it is not.
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The detailed analysis of QEEG after the neurofeedback training with brain rate as a
parameter could detect which bands have been most changed. For instance, in some cases
shifting the brain rate to higher values could result in increasing high alpha or beta
frequencies; in other, the same change can appear due to diminishing the power of theta or
delta bands. As a result, the QEEG comparison before and after the brain rate training can
be informative for assessing the individual spectrum band sensitivity.

7. Conclusions

The frontal regions are most likely to show deviations from normal development in the case
of ADHD, with disturbed thalamo-cortical and septal-hippocampal pathways, altogether
named as executive system.

Application of spectral analysis to EEG shows that the EEG amplitude in certain frequency
bands significantly differs from the EEG amplitude of healthy subjects. For example, a
relatively large group of children with ADHD reveals an excess of the theta/beta ratio i.e.
decrease of brain rate in central - frontal leads. This EEG abnormality is mostly associated
with under activation of frontal lobes.

For the exact diagnosis of ADHD, it is recommendable QEEG to be combined with DSM-IV
(or ICD-10) behavioral based approach.

There are four main endophenotypes in ADHD population: I subtype (abnormal increase of
delta-theta frequency range centrally or centrally-frontally), II subtype (abnormal increase of
frontal midline theta rhythm), III subtype (abnormal increase of beta activity frontally), and
IV subtype (excess of alpha activities at posterior, central, or frontal leads). Thereby, we
consider the second subtype as a subgroup of the first subtype.

The dysfunction of the executive system can be evaluated by event related potentials (ERP’s)
as well. Children with ADHD showed significant presence of the perseverative mistakes
and difficulties in the mental flexibility. The results obtained for visual cognitive
performance test (VCPT) showed significantly higher ommission and commission errors,
lower reaction time (RT) as well as higher variation of time reaction (var RT) compared to
the tests norms.

Distribution of brain rate values for sagittal and lateral topographies reflects the arousal
levels in the corresponding conditions. There is a positive correlation between brain rate
values and the QEEG spectra subtypes.

Neurofeedback provides a tool for correcting deviations from normality, especially for the
subtypes I, I and III. For obtaining better therapeutic results, before neurofeedback, the use
of peripheral biofeedback (such as electrodermal activity) aiming to obtain stabilization of
sympathetic/parasympathetic system is recommended for all patients.

Brain rate can be used as a multiband biofeedback parameter in mediating the under arousal
or over arousal states, complementary to few-band parameters and the skin conduction

Follow-up research is needed in order to determine more precisely the specificity and
sensitivity of QEEG and brain rate approach related to neurophysical substrates of
ADHD.
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1. Introduction

As defined in the 4th edition of Diagnostic and Statistical Manual of Mental Disorders
(American Psychiatric Association, 1994), Attention deficit hyperactivity disorder (ADHD)
is characterized by a persistent pattern of inattention, hyperactivity, and impulsiveness,
though it can present with or without hyperactivity. ADHD is the most common childhood
mental health disorder, with an estimated prevalence of 7% to 10% in boys and 3% in girls
aged 4-11 years (Sgrok et al., 2000). This disorder substantially affects the individual's
normal cognitive and behavioral functioning. For example, children with ADHD can have a
great deal of difficulty focusing on lessons presented by their teachers and remembering
how to do their homework. They may often be easily distracted whereby they pay attention
to other things than what they should.

The numerous studies support a model that defines ADHD as an inherited disorder whose
core symptoms are founded in neuroanatomic, neurochemical, and neurophysiologic
abnormalities of the brain (Monastra, 2005). Deficits associated with ADHD support a
hypothesis that anatomical and biochemical abnormalities of the prefrontal cortex constitute
the physical basis of this disorder (Barkley, 1997). In this line, neurodiagnostic procedures
(e.g., positron emission tomography [PET], single photon emission tomography [SPECT]
and magnetic resonance imaging [MRI]) studies have provided evidence of the neurological
basis of ADHD (Boutros, et al., 2009). Nevertheless, new theories on the pathogenesis of
psychopathological phenomena conceptualize as a consequence of the failure to integrate
the activity of different brains' areas (Boutros et al., 2009). It needs techniques tapping the
dynamics of complex interaction over time among cerebral regions involved in the
integration of cognitive processing.

Electrophysiological techniques enable monitoring brain processing in real time, providing the
best methods to describe the time course of brain electrical activities. Growth of this field came
from the newer and quantifiable techniques such as quantitative electroencephalography
(QEEG). QEEG methods provide a set of non-invasive tools that are capable of quantitatively
assessing resting and evoked activity of the brain with sensitivity and temporal resolution
superior to those of any other imaging methods (Hughes & John, 1999).

QEEG studies have explored brainwave profile in children with ADHD, compared to
normal children. These brainwaves could be trained via operant conditioning (called EEG
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biofeedback or neurofeedback) and it is claimed that self regulation of brain electrical
activity result in a therapeutic benefit in ADHD. The main purpose of this chapter is to look
at one alternative method of treating children with ADHD. To fulfill this purpose, the
present chapter will review:

e description of electroencephalography and QEEG

¢ QEEG findings in ADHD

e  brief history and rationale for neurofeedback development

e  description of neurofeedback in practice

¢ neurofeedback findings in the treatment of ADHD as supported by controlled studies.

Our brain is made up of many cells, including neurons and glial cells. There are about 100
billion neurons in the brain. Neurons are cells that send and receive information to and from
the brain and nervous system. The language of these communications throughout the
nervous system is electro-chemical signals. An electroencephalography (EEG) is a tool for
measuring electrical activity generated in the brain. These electrical activities of neurons are
very tiny. Hence, EEG activity always reflects the summation of the synchronous activity of
thousands or millions of neurons; when many neurons shift towards being more ready to
fire (excitatory) or to not fire (inhibitory) at the same time. The EEG signals are recorded
using sensors (electrodes) placed on the scalp. Electrodes are attached to our head and
hooked by wires to a computer and then the computer records our brain's electrical activity
on the screen. Patterns of neuronal electrical activity recorded are called brainwaves.

An EEG signal is characterized by three major components: phase, frequency and
amplitude. Traditional EEG displays waveforms in the time domain, and the interpretation
is based on amplitude and dominant frequency. Each brainwave frequency is expressed in
Hertz (Hz). One Hz means 1 cycle per second; it is the rhythm of the wave. Amplitude
represents the height (intensity) of the brainwave, and is expressed in microvolt (mV).
Brainwaves have traditionally been separated into different frequency bands (Drongelen,
2007):

e  Delta rhythm (6): 0.1-4 Hz

e  Theta rhythm (0): 4-8 Hz

¢ Alpha rhythm (a): 8-12 Hz

e  Sensory-motor rhythm (SMR): 12 to 15 Hz

e  Betarhythm (B): 15-30 Hz

¢  Gamma rhythm (y): the higher EEG frequencies, usually 30~70 Hz.

Conventional interpretation of the EEG is done visually by a trained specialist. The specialist
will examine the EEG, by detecting features of waveshapes (morphology) of the brainwaves
to identify certain characteristics that might indicate organic or neurological pathologies.
Routine EEG is typically used in the following clinical circumstances:

e to distinguish epileptic seizures,

e to differentiate "organic" encephalopathy or delirium from primary psychiatric
syndromes such as catatonia,

e toserve as an adjunct test of brain death,

e to localize the region of brain from which a seizure originates (Niedermeyer and da
Silva, 2004).
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A voluminous literature attests to the robustness of conventional EEG studies and their
clinical utility in disorders of brain function (Hughes & John, 1999). However, many
functional characteristics of brain activity could not be detected visually. Whereas,
quantitative EEG (QEEG) transform the EEG into a format or domain that elucidates
relevant information, or associate numerical results with the EEG data for subsequent
review or comparison (Nuwer, 1997). Often, neurologically based disorders do not involve a
structural abnormality, lesion, or disease process, but abnormalities are expressed in the
way the brain evaluates information. These processes can be studied with QEEG techniques,
but not with simple visual analysis of the raw EEG (Hoffman et al., 1999). Hence, one can
say that QEEG might provide additional measurements and displays of EEG in many
different ways that are not possible with visual inspection.

In fact, QEEG reflects the ability of a network to locally synchronize. Such ability to
synchronization is related to the integrative capacities of a network and to the characteristics
of its inputs. This can be strongly modified by the active state of the brain. Thus, impairment
of cognitive processing (i.e. attention) can be monitored by QEEG (Nazari, 2008).
Furthermore, QEEG enables precise comparison of the individual patient's record with
normative and psychopathologic patient databases (Hughes & John, 1999). QEEG
procedures involve the mathematical processing of digitally recorded EEG. The most
commonly used method for EEG quantification is the spectral analysis by means of Fast
Fourier Transformation (FFT) algorithm. It provides measures of the power at each
frequency of the EEG bands, known as the power spectrum. The test-retest of power spectra
has been shown to be high (Hughes & John, 1999).

The first step for doing a QEEG is digital EEG recording; a cap (usually 19 electrodes at
standardized positions) placed on the head and two electrodes are placed on the ears. The
electrodes are then made to conduct with the scalp and ears by using a conductive gel. Once
this is achieved, a computer interfaces with the EEG machine, and a software program is
used to display the traces of the brainwaves generated by the brain, and detected on the
scalp. Data is recorded during resting states of eyes open, eyes closed, and in some instances
during cognitive tests such as reading or attentional task. Approximately ten minutes of
data are recorded in each state. A QEEG typically requires about an hour total in the clinic to
complete the data gathering.

After recording the EEG data it is edited to remove artifacts which are distortions in the EEG
signal due to muscle movement such as coughs, eye movement, and teeth clenching, muscle
tension, pulse and other sources. Artifacts are electric potentials of non-brain origin that are
in frequency and voltage range of EEG signals and that are detected by scalp electrodes
(Boutros et al., 2009). Clinicians utilizing QEEG must be skillful in recognizing and
minimizing artifacts, as well as in careful pre-recording preparation procedures to minimize
artifacts in the EEG (Hammond and Gunkelman, 2001). Indeed, it needs to carefully study
the raw EEG since abnormalities may be masked by the use of a QEEG alone (Hammond et
al., 2004). During the editing process the data is examined visually to identify any patterns
that might be of interest for training purposes or would suggest the need to refer to another
specialist.

After the editing process is completed the EEG data is subjected to a variety of mathematical
and statistical analyses. EEG recordings should be of sufficient quality and of sufficient
length so that after artifacting there is a minimum of 40-50 seconds of artifact-free data
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available for analysis (Hammond et al., 2004). A sample of artifact-free EEG data, usually 1
to 2 minutes, is analyzed, using the FFT to quantify the power at each frequency of the EEG
averaged across the entire sample (Hughes & John, 1999). Results from each electrode can be
represented as following measures:

e  absolute power: amount of amplitude in each band (total pV?),

e relative power: in each band percentage of absolute power/total power,

e power ratio: i.e. absolute power of theta/absolute power of beta (theta/beta ratio),

e  coherence: a measure of synchronization between activity in two channels (similarity of
frequency between two channels),

e symmetry (the ratio of power in each band between a symmetrical pair of electrodes (no
similarity is called asymmetry).

The final analysis is the database comparison. This procedure allows for an individual’'s
EEG to be compared to an “average” EEG. One can use a reference EEG database to reveal
the location and type of EEG feature abnormalities greater than two standard deviations
from a normative group (Thatcher, 1998). This comparison data is derived from the analysis
of EEG'’s gathered from hundreds of individuals; same sex, same handedness, approximate
same age; who do not exhibit or report historically any significant mental health issues.
Often the EEG will be compared to multiple databases. The aspects of an individual's EEG
to be analyzed by the QEEG are:

e Does the individual’s EEG features differ from the 'average’ EEG?

e How does it look different (the level of statistical significance and the degree of
difficulty)?

e  Where (what areas of the brain) does it look different?

The QEEG data is used to generate a series of analyses presented in tables and graphics in
brain map. Brain map is a computerized EEG topography that enables the construction of a
bi- or three-dimensional matrix for a topographic representation of Q-EEG parameters, such
as instant amplitude or band power (Boutros et al., 2009). Different algorithms have been
proposed to localize underlying brain generators. Among the distributed source models,
Low Resolution Brain Electromagnetic Tomography-LORETA (Pasqual-Marqui et al., 1994)
has been proven to present the smallest localization error (Boutros et al., 2009). The
LORETA is one of the QEEG topographic analysis method by which one can provide a 3-D
analysis of the EEG identifying localized disruptions in brain activity within the interior of
the brain.

An individual who has received specialized training in these fields (see Hoffman et al., 1999;
Hammond et al, 2004; Hammond et al, 2011) could examine the QEEG results. Individuals
conducting assessment utilizing quantitative EEG or any type of brain mapping should be
able to gather reliable data. A much higher standard is required for someone to hold himself
or herself out as competent to analyze and interpret QEEG data (Hammond et al., 2004). It is
strongly recommended that the QEEG providers should hold diplomate status in QEEG from
the Quantitative Electroencephalography Certification Board or be certified by the EEG and Clinical
Neuroscience Society (or a comparable neurology board in the case of physicians), or be analyzing
data under the supervision of such a certified person, or at a minimum be able to demonstrate
thorough education, training, and work product documenting their competence to interpret QEEGs.
Otherwise, the QEEG data should be submitted for analysis by an individual with such certification
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(Hammond et al., 2011). For further details about standards and qualifications for doing
QEEG and neurofeedback see Hoffman et al., 1999, Hammond et al, 2004 and Hammond et
al, 2011.

Due to the non-invasive nature of the procedure, the convenience, not expensive, and
specificity of the data the QEEG has been used extensively to examine a variety of aspects of
brain function. As mentioned before, with the quantitative EEG and topographic brain
maps, it is often possible to observe attributes of brain function that cannot be seen in the
raw EEG signal. These processes can be observed and quantified through subtle frequency-
related and coherence related activities in the QEEG brain maps that index the degree of
difficulty of cognitive tasks (Hoffman et al., 1999). Furthermore, it is well known that a great
many medications as well as psychoactive drugs can produce some alteration in the EEG
(Boutros et al., 2009). The availability of QEEG let to the development of a new research field
that named pharmaco-EEG. Pharmaco-EEG methods were included in preclinical studies to
identify at early stages of drug development, the therapeutic indications of new drugs,
determining onset, peak effect, and duration of drug effect on CNS, and predict
therapeutically useful dosage of psychotropic drugs (Boutros et al., 2009).

In the clinical setting, many studies have been reported that QEEG can be useful for the
evaluation and understanding of mild traumatic brain injury, learning disabilities, ADHD,
alcoholism, depression, and other types of substance abuse (Hoffman et al, 1999).
Specifically, QEEG studies have reported different brainwave patterns in children with
ADHD than those of the normal population.

Most studies of the electrophysiological correlates of ADHD have compared the QEEG from
ADHD sulfferers with those of healthy children under resting conditions (for a review, see
Barry et al.,, 2003; for a meta-analysis, see Snyder & Hall, 2006). However, the allocation of
neural resources differs when the subject directs his/her attention to an experimentally
controlled situation (Thatcher, 1998). It is therefore important to evaluate a neural network's
ability to change from a passive to an active condition. Since inattentiveness and
distractibility are the major symptoms of ADHD, assessment of these symptoms would
require tasks specifically designed to highlight attentional deficits, such as the continuous
performance task (CPT) or the go/no-go task. Hence, in a study, Nazari et al (2011) set out
to establish the functional reactivity of frequency-specific EEG activities during eyes-open
resting and CPT in children with ADHD. High-resolution EEG was recorded during eyes-
open resting and CPT performance in 16 children meeting the DSM-IV criteria (APA, 1994)
for ADHD and 16 age-matched controls. Significant CPT vs. eyes-open differences in EEG
activities was observed in children with ADHD. In particular, switching to CPT induced an
alpha power increase in children with ADHD and an alpha power decrease in controls.
Lower alpha power at baseline (eyes-open resting condition) might be interpreted as
meaning that children with ADHD are unable to attend to and process visual stimuli as
efficiently as healthy children. Klimesch et al (1996) suggested that alpha synchronization
during mental inactivity may be important for introducing powerful inhibitory effects,
which could prevent a memory search from entering irrelevant parts of neural networks.
Based on this explanation, we suggested that impaired inhibition of neural networks in
children with ADHD at baseline alters not only energy demands but also control excitatory
processes. Opposite alpha changes may also reflect a primary deficit associated with cortical
hypoarousal in ADHD. These EEG results agree with behavioral findings leading the
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authors to suggest that dynamic changes in neural network activities are impaired in
children with ADHD (Nazari et al., 2011).

Lubar (1995) compared QEEG data for ADHD children with controls. He concluded,
"Excessive theta activity and lack of beta activity are the primary neurological landmarks of
ADHD" (p. 505). Furthermore, "during academic challenges, there were significant increases
in slow (4-8 Hertz) theta activity along the midline and in the frontal regions and decreased
beta activity, especially along the midline posteriorly" (p. 502). Lubar's review of the
literature revealed the following;:

" Abnormalities in EEG were reported in children now classified as ADD and ADHD as early as
1938 (Jasper, Solomon & Bradley, 1938). There is extensive literature, much of it reviewed in the
supplement to the Journal of Child Neurology published in 1991. Basically, EEC studies show
excessive slow activity in central and frontal regions of the brain. These studies are supported by
recent PET [positron emission tomography] scan and SPECT [single photon emission
computerized tomography] scan studies that also indicate abnormalities in cerebral metabolism
in these particular brain areas" (p. 501).

Based on Lubar's finding, studies have repeatedly reported a QEEG pattern that might be
present in ADHD but not in controls (normal children, adolescents, and adults). A
considerable number of these studies have reported an increase in low-frequency power
(predominantly theta) and a decrease in high-frequency power (especially beta) in children
with ADHD compared with the age-matched control group (Barry et al., 2003; Snyder &
Hall, 2006). Some researchers have tried to examine the theta/beta ratio as a measure of
ADHD-related abnormality with a higher detection power. As reported by Snyder & Hall
(2006) results of 9 DSM-IV studies and the results of 29 pre-DSM-IV studies support that a
theta/beta ratio increase is a commonly observed trait in ADHD relative to controls. By
meta-analytic statistical extrapolation, the effect size of 3.08 predicts a sensitivity and
specificity of 94%, which is similar to values predicted by retrospective studies examining
ADHD and normal controls in group comparisons (Snyder & Hall, 2006).

As emphasized by the committee of the Association for Applied Psychophysiology and
Biofeedback (AAPB) and the Society for the Study of Neuronal Regulation (SSNR), QEEG
should not be the only tool used for diagnosis of attention-deficit/hyperactivity disorder
(Hoffman et al., 1999). There is no single technique that can be solely relied upon for the diagnosis.
Manifestations of ADD/ADHD reflect behavior problems, learning style, cognitive processing, social
interaction, and many other developmental factors. The current diagnosis of ADD/ADHD depends
also on the use of computerized continuous performance tasks, detailed history, school performance,
and evaluation for learning disabilities and other comorbidities, as well as other measures. QEEG
data complement these other findings by providing for a comparison of brain activity with databases
for both normal and ADD/ADHD groups (Hoffman et al., 1999).

Having diagnosed the locations in the brain that are producing high or low activity, it is
now possible to intervene with training the brain to normalize the activity of the various
locations in the brain. On the other words, the power in being able to define deviations of
brain’s electrical patterns within a normally distributed measurement set is that one can
target deviant measures to “normalize” by a variety of intervention modalities. In fact, the
EEG (as a physiological measure) is considered a form of behavior, which is subject to
behavior modification through basic "operant conditioning" and "shaping" principles within
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the formwork of learning theory. This brainwave training and learning self regulation of
brain activity is called EEG biofeedback or neurofeedback. Neurofeedback postulates that
normalizing the target signal will result in a therapeutic benefit. Definition of neurofeedback
by the International Society for Neurofeedback and Research (ISNR) is the following;:

"neurofeedback is a process in which sensors are placed on the scalp and devices are used to
monitor and provide moment-to-moment information that is fed back to the individual about his
or her physiological brain activity for purposes of improving brain functioning" (Hammond et
al., 2001; p.55). For detailed information about neurofeedback see the website of the
ISNR (http:/ /www.isnr.org).

Figure 1 shows the neurofeedback procedure. During neurofeedback training,
neuroelectrical activity is detected via surface electrodes (step 1). Note that no electrical
current is put into the brain. This activity is then amplified (step 2) and processed by
software programs (step 3) that provide contingent auditory or visual feedback to the
patient on a computer monitor (step 4); brain activity is monitored and desired changes are
rewarded similar to a videogame. The patient watches the dynamic display of the amplitude
of the brainwaves in the areas where the electrodes are attached by a gel paste. The
computer program gives a reinforcement each time the goal level of the EEG power (an
optimal brain state) is reached. This processing continues during the neurofeedback session
for a period of 15 to 40 minutes (step 5).

Fig. 1. Neurofeedback procedure

For example, there might be areas of the brain where there is an excess of neurons firing
slowly during tasks requiring concentration. This is often the case with ADHD. On the basis
of QEEG findings in ADHD, typically the EEG of a person with ADHD will reveal excess
theta activity, but diminished beta activity. Hence, during the neurofeedback training a
puzzle advances and sounds a tone whenever a child with ADHD maintains waves in the
15-18 Hz range above a certain amplitude threshold (beta increasing) while keeping waves
in the 4-8 Hz range below a certain threshold (theta decreasing). Clients require 20 to 60
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training sessions to achieve their goals. Training takes place 1-3 times for at least one hour of
training per week. Once the original goals of treatment have been met, the client continues
to train for an additional 5 to 10 sessions to prevent relapse (Demos, 2005).

Prior to beginning neurofeedback training an assessment is conducted to examine
presenting problems, client history, contributing factors, current medications the patient
may be taking, and other relevant information. Interviews, symptom checklists, computer
based tests (ie. CPT, TOVA, IVA), and review of relevant documentation are common
components of the assessment. A pre- and post treatment objective assessment of the client’s
QEEG should be performed. The QEEG objectively assess the functioning of the brain in
comparison with normative database (Hammond et al., 2011). One can use QEEG database
and topographical brain maps to evaluate the location and type of EEG feature to target for
neurofeedback training.

After reviewing the data gathered during the assessment a training protocol is developed.
The neurofeedback protocols cover the following questions:

e  Power of which frequency bandwidth targeted to be changed?

e Which areas of the brain are to be trained (electrodes location)?

e  Which montage must be used (referential or bipolar)? Which locations are chosen for
active electrode, reference and ground?

e  How threshold levels are set for each client?

The rationale for neurofeedback protocols is based on solid research and clinical practice.
Initially, neurofeedback treatments for ADHD are founded on the groundbreaking research
conducted by Sterman (roth et al, 1967; sterman and Wyrwicka, 1967; Wyrwicka and
sterman, 1968; sterman et al., 1969 and Lubar and Shouse, 1976, Lubar and Lubar, 1984). A
brief history could be interesting. Sterman’s research team conducted a systematic
examination of EEG patterns and identified the sensory motor rhythm-SMR (12 -15 Hz) over
the Rolandic cortex. They were able to train cats to increase production of this rhythm by
providing food as an immediate reward. In later research those cats exhibited a significant
improvement in stability when exposed to Hydrazine observed to evoke seizure activity in
cats that had not received the SMR increasing. Subsequently, they demonstrated that
patients with seizure disorders could develop improved control over epileptiform activity
by learning self-regulation of the SMR (Sterman, 2000).

Sterman’s procedure was replicated by Lubar who used the same training to reduce the
symptoms exhibited by ‘hyperkinetic’ children. Initially, Lubar and Shouse (1976) reported
some improvements in a hyperactive child who had learned to reduce theta and increase
production of SMR. Subsequently, Lubar and Lubar (1984) reported that children diagnosed
with an attention deficit disorder demonstrated improved attention and behavioral control
after being trained to increase production of EEG activity in a fast frequency range (beta)
while learning to suppress slow wave activity (theta).

These two primary training approaches provide the foundation for each of the protocols that
have been examined in the controlled group studies of neurfeedback for ADHD. In a review
study, Monastra (2005) has summarized three neurofeedback protocols that have been
investigated in controlled group studies. These research-based protocols are the following
(Monastra, 2005):
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Protocol 1- SMR enhancement/theta suppression: in this protocol, patients (ADHD who
present with primary symptoms of hyperactivity and impulsivity) instructed to increase
their SMR (12-15 Hz) over one of two sites (C3 or C4) while simultaneously suppressing
the production of theta (4-7 or 4-8 Hz) activity. EEG recordings are obtained from one
active site, referenced to linked earlobes. Auditory and visual feedback is provided based

on patient success in controlling power of theta below and SMR above pretreatment
thresholds.

Protocol 2- Theta suppression/betal enhancement: In this protocol, patients are reinforced
for increasing production of betal activity (16-20 Hz) while suppressing theta activity (4-8
Hz). Recordings are obtained at Cz with linked ear references, at FCz-PCz with single ear
reference, or at Cz-Pz with ear reference. A variation of this protocol also has been reported
in the treatment of ADHD, predominately inattentive type (Fuchs et al., 2003). In this
training protocol, theta suppression and beta enhancement are reinforced at C3.

Protocol 3- SMR enhancement/beta2 suppression: in this protocol, children with ADHD,
predominately hyperactive/impulsive type, are trained to increase SMR (12-15 Hz) while
suppressing beta2 activity (22-30 Hz) (Fuchs et al., 2003) Recordings are obtained at C4 with
linked ear reference. In ADHD, combined type, this protocol is used during half of each
session. During the other portion of each training session, SMR enhancement/theta
suppression at C3 is used. Selection of a neurofeedback protocol should be based on level of
experience and training, accreditation, the fraction of the therapist’s practice devoted to
neurofeedback, reports from clients and objective assessments, and the therapist’s specific
experience in treating AD/HD (for more information see Monastra, 2005; Demos, 2005;
Hammond et al., 2011).

Since the work of Lubar and Shous (1976), numerous studies have used neurofeedback
approaches for treating ADHD and reported successful diminution of inattentivity and
hyperactivity, and improvement in academic performance and concluded that despite some
limitations, neurofeedback may be worthy of further consideration as a viable treatment
approach for ADHD (Shouse and Lubar , 1979; Lubar and Lubar, 1984; Lubar et al., 1995;
Rossiter and La Vaque, 1995; Linden et al., 1996, Thompson and Thompson, 1998; Kaiser
and Othmer, 2000; Carmody et al., 2001; Monastra, 2002; Fuchs et al., 2003; Heywood and
Beale, 2003; Cho et al., 2004; Heinrich et al., 2004; Rossiter et al., 2004; Xiong et al., 2005;
Kropotov et al., 2005; Beauregard and Levesque, 2006; Levesque et al., 2006; Strehl et al.,
2006; Gevensleben et al., 2010; Nazari et al., 2011; for review see Rossiter, 2004; ; Vernon et
al., 2004; Monastra, 2005; Butnik, 2005; Friel, 2007; Toplak et al., 2008; John and Prichep,
2009; Coben and Evans, 2011). In an excellent meta-analytic study, Arns et al (2009)
investigated results of 15 controlled studies. They concluded that neurofeedback treatment
for ADHD can be considered "efficacious and specific" with a high effect size for inattention
and impulsivity and a medium for hyperactivity (Arns et al., 2009).

Gevensleben et al (2009) conducted a randomized controlled trial encompassing 102
children with ADHD. In this trial behavioral and neurophysiological effects of
neurofeedback, were analyzed in comparison to a computerised attention skills training (as
a semi-active control group). They have shown neurofeedback to be superior to control
group (Gevensleben et al.,, 2009). They reported follow-up behavioral data assessed 6
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months after completion of the training (either neurofeedback training or attention skills
training). Improvements in the neurofeedback group at follow-up were superior to those of
the control group and comparable to the effects at the end of the training. They concluded
that "though treatment effects appear to be limited, the results confirm the notion that
neurofeedback is a clinically efficacious module in the treatment of children with ADHD"
(Gevensleben et al., 2010).

In a clinical outcome study, Nazari et al (2011) investigated whether neurofeedback compared
to methylphenidate achieves an equally effective outcome. Participants were 39 children: 13
children with ADHD were trained to enhance the amplitude of the betal activity and decrease
the amplitude of the theta activity, 13 of which were treated with methylphenidate alone, and
13 healthy children did not receive intervention. Several behavioral, neuropsychological and
experimental tests were administered before and after intervention. While behavioral
measures were improved by both types of method, methylphenidate was significantly more
effective than neurofeedback. Response inhibition (assessed by Stroop) was improved only by
neurofeedback. Both neurofeedback and methylphenidate were associated with improvements
on the variability and accuracy measures of computerized attention tests. Intellectual ability
(measured by full version of WISC-III) increased also by both methods. Although averaged
effect size for methylphenidate seems to be greater than for neurofeedback, the difference was
not significant. In conjunction with other studies they concluded that neurofeedback can
significantly improve several behavioral and cognitive functions in children with ADHD and
it might be an alternative treatment for ADHD, particularly for those their parents favor a non-
pharmacological treatment (Nazari et al., 2011).

Neurofeedback is contraindicated with subjects under age six years, or subjects with mental
retardation, developmental delay or other significant medical, neurological, or psychiatric
disease. Subjects from families with significant marital discord that could interfere with
participation in the treatment process (Friel, 2007).

Side effect can sometimes occur during neurofeedback and practitioners should be aware that
occasionally negative effects may occur (Hammond & Kirk, 2008; Hammond et al., 2001; Lubar
& Shouse, 1976; Todder et al., 2010) if training is not being supervised by a knowledgeable and
certified professional. Adverse effects that have been reported by some clinicians include
increased anxiety and agitation, headaches, fatigue, sleep disturbance, anger and irritability,
crying and emotional lability, enuresis, an increase in depression, increase in somatic
symptoms (including tics and twitches), seizures, and temporary disorientation. These reports
are uncontrolled case reports from which one cannot know the degree to which other
confounding events in the patients” lives may have contributed to these negative symptoms
(Hammond & Kirk, 2008). However, neurofeedback provider as a health-related profession
should promote the welfare of their clients. Therefore, they should perform appropriate and
objective assessments prior to, during and after providing neurofeedback to assess regularly
the effectiveness of the services provided, and they inquire frequently about any side effects or
adverse reactions. When it is observed that side effects or negative effects are occurring,
providers document the details, discuss them with the client, and take appropriate action to
remediate negative effects as quickly as possible. Such action may include modifying
neurofeedback protocols, verifying the amount or frequency of treatment, utilizing adjunctive
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treatments, and seeking consultation (Hammond et al., 2011). It should be mentioned that
patients with a history of epilepsy should only receive neurofeedback from practitioners who
are well versed in neurofeedback for seizure disorders.

Some people interested in alternative health react to the neurofeedback with hesitation.
Neurofeedback has been considered as a relatively unstudied treatment, and the studies that
have been conducted have reportedly been problematic, due to methodological problems
such as confounded treatments, inconsistent use of dependent measures, small sample size,
and a lack of clinically meaningful dependent measures (Kline, Brann, & Loney, 2002;
Waschbusch & Hill, 2003; Loo and Barkley, 2005; Holtmann and Stadler, 2006). In this line,
there are some fundamental questions:

¢ Does neurofeedback result in the intended EEG changes?

e s there really an effect that leads to significant modifications in cognition and behavior?
e Could these changes be reliably linked to neurofeedback training?

e How does it compare to the current standard of treatment?

e  Are these changes retained over time?

¢ How does neurofeedback work?

For validating purpose, some controlled studies on healthy subjects (i.e. Egner and
Gruzelier, 2001; Egner et al., 2002; Vernon et al., 2003; Egner and Gruzelier, 2004) assessed
specific cognitive, neuropsychological and electrocortical effects from training of specific
frequency bands. They concluded that the modulation of specific frequency bands led to
significant and protocol-specific effects. It seems that despite these validation works much
remains to be done to provide a scientific basis for neurofeedback.

It has been argued that a potential explanation of the effects of neurofeedback could be
cognitive-behavioral training effect as well as client-therapist relationship effect since
children are engaging in a training for often 30-50 sessions. Such concerns could be
addressed by double-blind controlled studies. Considering the ethical problem of including
untreated patient or patient undergoing placebo and the difficulty of conducting a double-
blind placebo controlled study in neurofeedback, some groups (Drechsler et al., 2007;
Gevensleben et al., 2009) have still addressed these concerns by comparing neurofeedback
group with a semi-active control group (can be considered a credible sham control). In these
studies neurofeedback in comparison to this semi-active control group still had medium to

large ES for inattention and impulsivity, and small to medium ES for hyperactivity (Arns et
al., 2009).

La Vaque and Rossiter (2001) pointed out that, rather than comparing a new treatment (e.g.,
neurofeedback) to a no-treatment placebo, it should be compared to a protocol of ‘known
efficacy’ to determine whether such an intervention would result in an equivalent effect.
This type of design is often referred to equivalent study (Vernon et al., 2004). Regarding the
well established efficacy of methylphenidate, several studies have compared the effects of
neurofeedback and methylphenidate. Results revealed that although averaged effect size for
methylphenidate was greater than for neurofeedback, both were in medium range and the
difference was not significant (i.e. Nazari et al., 2011). None of the studies comparing
neurofeedback with stimulant medication used random assignment. Although self-selection
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the treatment may bias these findings, self selection potentially maximizes the effects of
expectancy in both groups. However, more studies using randomization and larger sample
sizes are needed to investigate further how neurofeedback compares to stimulant
medication in the treatment of ADHD.

Several follow-up studies (Monastra et al., 2002; Strehl et al.,, 2006; Gani et al., 2008;
Gevensleben et al., 2010) showed that improvements in behavior and attention turned out to
be stable. Test results for attention and some of the parents’ ratings once more improved
significantly. Based on these researches, it can be concluded that the clinical effects of
neurofeedback are stable and might even improve further with time. This, in contrast to
stimulant medication where it is known that when the medication is stopped often the
initial complaints will come back again and recent evidence showing that temporary
treatment with stimulant medication is not likely to improve long-term outcomes (Molina et
al., 2009).

Yet another domain in need of further investigation involves the theoretical basis and the
underlying mechanisms of neurofeedback impact. Today, to understand "how does
neurofeedback work?" is one of the most interesting and challenging tasks. It is not
surprising that the field of neuroscience attracts a lot of researchers try to answer this
question.

Despite some limitations, neurofeedback may be worthy of further consideration as a viable
treatment approach for ADHD (See Vernon, 2005; Friel, 2007; Toplak et al., 2008; Yucha and
Montgomery, 2008; Arns et al., 2009). On the basis of currently available research results, the
success of this therapeutic method is indicated by widespread utilization, and reports of
carefully designed studies suggest the utility of this method (John and Prichep, 2009). EEG
biofeedback therapy for AD/HD results in significant improvement in cognitive functioning
for 75-85 percent of patients. It is possible that faster and better outcomes might be achieved
by combining other alternative therapies with EEG biofeedback (Friel, 2007). Neurofeedback
meets the American Academy of Child and Adolescent Psychiatry criteria for clinical
guideline for treatment of ADHD. As mentioned before, meta-analysis results of Arns and
his colleagues (2009) demonstrated that neurofeedback treatment for ADHD can be
considered "efficacious and specific".

Frank H. Duffy, M.D., Professor and Pediatric Neurologist at Harvard Medical School,
stated in an editorial in the January 2000 issue of the Journal Clinical
Electroencephalography that the scholarly literature suggests that neurofeedback should
play a major therapeutic role in many difficult areas:

“In my opinion, if any medication had demonstrated such a wide spectrum of efficacy it would be
universally accepted and widely used” (p. v). “It is a field to be taken seriously by all.” (p. vii).

Until 2005, neurofeedback was reportedly used by more than 1500 practitioners (Butnik,
2005) and the last years have seen a rapid growth of the field of neurofeedback in the US
and at least 27 countries (Budzynski et al., 2009). There are more than 100 health-related
professions in Iran that using neurofeedback in their routine clinical practice. All of them
have been trained by the Biofeedback Foundation of Europe-BFE (www.bfe.org) instructors
in the Paarand Specialized Center for Human Enhancement-PSCHE (www.paarand.org).
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1. Introduction

Attention deficit/ Hyperactivity (ADHD) disorder, a neuropsychiatric disorder characterized
by inattention, hyperactivity and impulsivity, has been precisely described by the American
Psychiatric Association (APA, DSM-1V, 2000). According to the diagnostic criteria these main
symptoms must appear before the age of 7 years, be present for at least 6 months, be evident
in at least two settings, and the impairment must contribute to social, academic, or
occupational dysfunction. An increasing number of patients, mostly children, are diagnosed
with ADHD. Recent studies focusing on the epidemiology of the disorder, reported variable
prevalence of ADHD in childhood that reached in some studies the percentage of 14%
(Barbaresi et al, 2004; Froehlich et al, 2007; Pliszka, 2007; Merinkagas et al, 2010; CDC, 2010).
It is estimated that 30-70% of children with ADHD continue to experience ADHD symptoms
into adulthood (Vollmer, 1998; Wender, 1997; Mannuzza et al, 1991; Elia et al, 1999).

The therapeutic approach of ADHD includes several treatment modalities (pharmacotherapy,
behavioral, psychological and educational interventions). The choice of treatment depends
mainly on the patient's characteristics such as age at diagnosis, the presence of co-morbid
conditions and the therapeutic goals. Behavioral interventions alone have not been effective in
ameliorating the core symptoms of ADHD to a significant extent (The Multimodal
Treatment study of Children with ADHD [MTA], 1999; Brown et al, 2005). Their main
contribution is the improvement of the behavioral problems that frequently accompany
ADHD (Kolko et al, 1999; Pelham et al, 1998). Pharmacotherapy is one of the most
efficacious treatment approaches both in children and adolescents. Stimulants have been for
many years the first-line treatment for ADHD with a response rate of approximately 70% or
more when patients are strictly complying with the treatment (MTA, 1999; Miller et al, 1998;
Schachter et al, 2001). Atomoxetine seems to be about equally effective to stimulants, even
though in a recent meta-analysis it was reported that stimulants (especially the long-lasting
ones) demonstrated greater efficacy than atomoxetine during the short duration of



288 Current Directions in ADHD and Its Treatment

treatment evaluation (= 2 weeks) (Wang et al, 2007; Faraone & Glatt, 2010). In most of the
patients it is beneficial to combine medications with psychological and educational
interventions especially when there is a suboptimal response to pharmacotherapy, a co-
morbid disorder and stressors in the family. A systematic review of 11 randomized
controlled trials, including 428 children 5-18 years old, demonstrated that combination
therapy with methylphenidate and behavioral/psychological treatments significantly
improved ADHD behaviors, symptoms, and measures of academic achievement compared
to behavior/psychological treatments alone (Lord & Paisley, 2000). Guidelines on the
management of ADHD in children include all aforementioned options, alone or in
combination (American Academy of Pediatrics, 2001; Golgman et al, 1998; Dulcan, 1997).

The next important issue on ADHD management is the duration of the positive effects of
these interventions. For example, the long term efficacy of medications has not been
demonstrated. The Multimodal Treatment Study of Children with the combined type of
ADHD (MTA study), which compared pharmacotherapy- short acting methylphenidate -
versus behavioral therapy or their combination or the standard care provided by
community providers, reported in 2004 that treatment with stimulants for 24 months had a
reduced effect, as compared to the effectiveness at 14-months published by the same group
(MTA, 2004). At 3 years of follow-up of the same patients, the advantage of medications in
comparison to all other treatment options disappeared although in all treatment groups an
improvement on ADHD symptoms was observed compared to baseline (Jensen et al, 2007).
The possible explanations of the loss of the pharmacotherapy advantage over all other
treatments were an age-related decline in ADHD symptoms, changes in the intensity of
medical management, and alternating periods of treatment/no-treatment after the 14 month
study period. In 2002, Monastra et al demonstrated that patients treated with short acting
stimulants (Ritalin) lost the benefits derived from the drugs one year after cessation of the
drug (Monastra et al, 2002). Similar results had also been presented on the long term
effectiveness of atomoxetine, 9 months after drug discontinuation (Michelson et al, 2004). All
these observations along with the fact that 25-40% of children with ADHD do not respond
to medications and other conservative treatments makes the research on alternative
therapeutic approaches an interesting field (MTA, 1999; Pelham et al, 1998; Miller et al, 1998;
Swanson et al, 1993; Barkley, 1998).

Neurofeedback, a form of biofeedback linked to brain activity, was first described as an
option for ADHD treatment in the mid-1970's, by Lubar and Shouse (Lubar & Shouse, 1976).
The hypothesis behind the use of this method is that it may enable the user to modify
brainwave activity in order to improve attention, reduce impulsivity and control
hyperactive behavior. This modification is based on self-regulation of neuronal oscillations
recorded by EEG. The goal is to enhance some types of EEG activity or reduce some others
in one or more frequency bands by visual or auditory feedback; for example in ADHD, the
aim is to enhance beta activity and to inhibit theta activity. There are two major categories of
neurofeedback training protocols: one that uses frequency bands of the brain activity and a
second which involves training of slow cortical potentials (SCPs), with the first being far
more studied than the latter (Vernon et al, 2004). Concerning the first training strategy, three
parameters are usually used in children with ADHD: theta frequency (4-8 Hz), beta
frequency (15-20 Hz) and sensorimotor rhythm (SMR) (12-15 Hz). The target of the patient
under training is to decrease the power of theta activity and/or to increase power of beta
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activity and SMR activity, in order to improve attention skills. Research protocols usually
combine two or even more parameters. SCPs were first described by Heinrich et al in 2004
(Heinrich et al, 2004). They are event-related shifts of cortical activity lasting from several
hundred milliseconds to several seconds (Birbaumer et al, 1990). The training of the SCPs
involves an effort to increase positivity or negativity over sensorimotor cortex, in order to
enable the subject to control cortical regulation and to allocate resources efficiently,
functions that are supposed to be impaired in ADHD (Sergeant, 2000; 2005).

Several studies have demonstrated that neurofeedback has a favorable effect on ADHD
symptomatology and cognitive function, as compared to both placebo and
psychostimulants, regardless of the protocol used (Monastra et al, 2002; Arns et al, 2009;
Gevensleben et al, 2009a, Drechsler et al, 2007; Heinrich et al, 2007; Levesque et al, 2006;
Rossiter, 2004; Fuchs et al, 2003). Furthermore, in 2010, Gevensleben H et al published a 6
months follow-up study providing evidence for long-term benefits of neurofeedback
training in children with ADHD (Gevensleben et al, 2010).

In spite of these promising results considerable controversy continues to surround
neurofeedback as a therapeutic option for ADHD patients. The skepticism towards this type
of training is based mostly on methodological shortcomings of the published research. Small
sample size, non-randomized group assignment, and control conditions that do not control
for confounding factors since they lack a double-blind setup are the major design problems,
that are not easy to overcome (Heinrich et al, 2007). It is questionable whether behavioral
improvements after neurofeedback training can be related to the improved cortical
regulation or rather to non-specific treatment effects such as invested time and attention,
therapist- patient interaction, expectancies, changes in the parental attitude, enhanced
awareness of the problem or maturation-related factors. Since systematic reinforcement and
a positive relationship to a therapist are integral parts of the neurofeedback training and of
any other behavioral intervention especially with children, selective effects of the
neurofeedback are difficult to isolate (Drechsler et al, 2007). The best way to resolve this is
the correct choice of a control group. However, the implementation of a control condition
for neurofeedback training is also difficult. For research purposes, the best control condition
would be a placebo neurofeedback condition in which provided feedback is similar to
neurofeedback, but not related to the child’s own brain activity. The main advantage of this
type of control condition would be that it could allow participating children, parents and
trainers to be blinded for group allocation; thus confounding factors would be minimized.
However, implementing a placebo control condition in a randomized controlled trial may
lead to ethical concerns, mostly because this design also involves withholding evidence-
based treatment (LaVaque & Rossiter, 2001; Strehl et al, 2006). Moreover, it has been argued
that placebo neurofeedback training may not be feasible since positive or negative
therapeutic effects will be perceived by the patient or the therapist (Kotchoubey et al, 2001).
Additionally, in a placebo-controlled study it is important to monitor adverse events during
the training period in order to test the safety of the placebo condition, that could potentially
represent a problem in this type of setting (Birbaumer et al, 1992). For these reasons, the use of
a placebo-control study design is rather limited. To our knowledge, only one double-blind
placebo-controlled trial has already been published (Lansbergen et al 2011). Other types of
control groups that have been utilized are a waiting list control group (Heinrich et al, 2004;
Levesque et al, 2006), children undergoing group therapy (Drechsler et al, 2007), and a group
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undergoing computerized attention training (Gevensleben et al, 2009a). Group therapy and
computerized attention training may effectively control for unspecific effects such as invested
time and treatment expectancies. Waiting list, on the other hand, may introduce bias because
of maturational changes, multiple testing or changed parental attitudes (Drechsler et al, 2007).
Finally, it has also been argued that neurofeedback training protocols may have a selection
bias by design. Given the financial investment and time commitment required for the
completion of neurofeedback training program, the majority of children who receive such a
treatment are most likely from “stable, upper socioeconomic households, who may have
simply improved over time because of their advantaged position” (Baydala & Wikman, 2001).

Nevertheless, the evidence provided by the most recent and better designed studies is
considered to be substantial if not yet conclusive and the use of neurofeedback training for
ADHD had gained empirical support. In addition to the accumulating evidence on the
effectiveness of neurofeedback in patients with ADHD, it is now suggested that this
treatment may be integrated in a multimodal therapeutic approach (Gevensleben et al,
2009a; MTA, 1999). The combination of neurofeedback with standard therapies such as
pharmacotherapy, and/or social skills training and parental interventions could result in
additional improvements not only to the primary symptoms of the disorder but to other
related areas such as learning, behavior and emotional stability. The aim of this study was to
explore the interactions between neurofeedback and a program of psychological and
educational interventions prescribed for the management of ADHD. Our hypothesis was
that the combination of these treatments may induce larger improvements of the examined
electrophysiological parameters studied than neurofeedback alone, suggesting a synergistic
effect of these two treatment modalities on brain training.

2. Methods
2.1 Patients

Children consecutively evaluated in the outpatient Child Neurology clinic with an ADHD
diagnosis according to DMS IV criteria were considered as candidates for this study. Only
children that scored within the normal IQ range (IQ>80), according to WISC III, were
included in the study. The presence of co-morbidities other than learning disorders was an
exclusion criterion. After an initial evaluation by the clinical psychologist, the teacher of
special education, the speech therapist and the occupational therapist, 30 children who
fulfilled our inclusion and exclusion criteria were recruited for this study. All of them had
learning difficulties in reading and writing.

2.2 Interventions

Two kinds of therapeutic interventions were proposed with the intention to be combined: a
psycho-educational program (2 hours/week) and a biofeedback training protocol (2
hours/week). The combined program was not accepted by several families due mostly to
financial reasons (the biofeedback was covered by most insurance agencies), or due to time
restrictions. As a result we ended up with two groups: the first group included 15 children
who attended the biofeedback program only (NF group) whereas in the second group
(n=15) children were treated with both biofeedback and psycho-educational treatment
(NF+PSE group).
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2.2.1 Neurofeedback

The biofeedback protocol that was used was the Sensorimotor rhythm (SMR)
enhancement/theta suppression. This is based on the concept that improved attention and
behavioral control is achieved when the child learns to reduce the production of theta and
increase the production of the 12-15 Hz sensorimotor rhythm generated over the electrodes
C3 or C4 that are positioned over the motor cortex. EEG recordings were obtained from one
active site (C3 or C4), referenced to linked earlobes. Theta/Beta ratio was measured before
the training initiation, after the 20th session and after the 40t session. In each of these
instances, the ratio was obtained in three conditions: Eyes closed, eyes opened and during
an attentional task (eyes fixed task). Mean values were calculated over these three
conditions.

The neurofeedback training program was designed to last for 40 sessions. Each
neurofeedback session lasted for about 45 minutes. Each child worked individually under
the supervision of a psychologist (certified neurofeedback trainer). Children were seated
facing a computer screen. Once the electrodes were synchronized with the trainer’s
computer, the children were directed to start playing a computer game. In all the
neurofeedback games, the children were asked to move a target, by using their gaze and by
remaining concentrated on the target. For as long as the children remained with their gaze
perfectly concentrated on the target, they gained points and completed the game by
fulfilling the defined goal. Visual (animated figures) feedback was provided based on the
patient’s success in controlling a) the amplitude in microvolts of theta or sensorimotor
rhythm (SMR) or b) the percentage of time that theta rhythm was below pre-treatment
threshold or SMR was above pre-treatment threshold. Patients were informed via auditory
(tone) and visual feedback when they produced 0.5 seconds of desired EEG activity. By the
end of each game, the children got a sum of points, depending on their performance. The
goal for each child was to achieve a score that is closer to what is considered appropriate for
his/hers age level. Throughout a session the children played as many as 6 games. In
between the games, they received immediate feedback on their performance so that they
could then proceed to adjustments of the attention level. After a break of 1 to 2 minutes, they
proceeded to the next one. This process was repeated throughout the whole session. At the
end of each session, children and parents were informed on the total score.

2.2.2 Psycho-educational

This was based on the cognitive-behavioral approach for children with ADHD and was
scheduled for 2 hours/week right after the neurofeedback session. The intervention
program addressed both reading and writing difficulties and at the same time the
specialized therapist provided support to the children who due to their learning difficulties
struggled at school. Furthermore, both patients and parents received practical counselling
with regard to time organisation and scheduled activities management.

2.3 Statistical analysis

Mean Theta/Beta ratio scores at the first session and after the 20th and the 40t (last) session,
were tested for normality using Shapiro-Wilk distributional test. Normal data were
expressed as mean values * standard variation (SD), whereas non normal data as median
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values (25th -75th percentile). The comparison of mean neurofeedback scores between the
two treatment options was assessed with t-test when normally distributed or with Mann-
Whitney U Test when non-normal. Categorical variables were compared with Chi square
test or Fisher's exact test according to number of observations per cell. P-values for the tests
applied in two different occasions (after the 20th and after the 40th session) were corrected
with Bonferroni Correction for multiple comparison test, in order to reduce Type I error.
Finally, mixed effects model was applied to test the longitudinal evolution of mean
Theta/Beta ratio, taking into account the therapy group in which each patient is assigned. In
these models, patient and number of sessions were treated as random variables.

3. Results

The patients (N=30, 15 boys and 15 girls) had a mean age of 7 years 7 months (+ 1 year 2
months). The two groups (NF and NF+PSE group) consisted of 15 patients each and they
were similar in terms of age and sex. All patients followed their treatment consistently and
there were no dropouts.

At baseline (first neurofeedback session), mean Theta/Beta ratios were not significantly
different between the two therapy branches (3.13 + 0.02 for the NF+PSE group versus 3.10 +
0.2 for the NF group, p-value=0.265). Two out of the patients of the NF group managed to
obtain the target ratio (< 3) already during their first neurofeedback training session.

Theta/Beta ratio at Theta/Beta ratio Theta/Beta ratio after 40th
First session after 20th session session
NF group 3.10 £ 0.08 3.03+0.10 2.95+0.13
NF+PSE 3.13+0.06 3.05+0.06 2.94 +0.06
group

Table 1. Mean Theta/Beta values for children the two treatment groups at discrete
observation times

Table 1 displays mean Theta/Beta ratios for children in both treatment groups. All patients
presented a decrease in Theta/Beta ratio values during their treatment. According to the
mixed effects model applied, this observed decrease was significant as treatment evolved (p-
value <0.001). However, the size effect of time elapsed was quite small with the ratio after
the 20t session being as much as 0.078 units lower than its initial value, and after the 40th
session being as much as 0.172 units lower than its initial value. Similarly, age of patients
was a significant predictor of mean Theta/Beta values obtained (p-value <0.001). More
specifically, children 8 or more years old had slightly lower mean values than those younger
than 8 years, adjusted for treatment group and time of observation (coefficient = -0.082, 95%
CI = between -0.127 and -0.038).

On the other hand, mean values of Theta/Beta ratios were not significantly different
between the two treatment groups, at a precise time point (after the 20th or after the 40th
neurofeedback session - p-value=0.841). These results are graphically demonstrated in Fig 1.
However, when we compared the percentages of patients who succeeded to obtain the
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target ratio between the therapy groups, we were able to display that significantly more
patients of the NF+PSE group reached the target, as compared to the NF group only after
the 40th session (14 versus 6 patients respectively, p-value=0.006). The difference after the
20th session was not significant (4 patients of the NF+PSE group versus 4 patients of the NF
group, p-value=0.841) (Fig 2). In this analysis, we omitted the two patients of the NF group
who had a successful first session, although their inclusion does not really affect the results.
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Fig. 2. Frequency of children who had achieved the goal of Theta/Beta <3 at the first, after
the 20th and after the 40th session
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4. Discussion

The main result in this study was that the addition of psycho-educational treatment to EEG
biofeedback resulted in normalization of Theta/Beta ratio and thus in reducing the slowing
of the frontal brain activity. To our knowledge, this is the first study to report changes on
neurofeedback studied parameters in relation to the psycho-educational intervention.

Up to the present time, only a few studies have assessed the effects of pharmacotherapy,
mostly psychostimulants, on EEG patterns in children with ADHD. It has been
demonstrated that the use of psychostimulants produce a decrease in Theta/Beta ratio in
children with ADHD, to the point of reaching normal values and this was more prominent
in the right hemisphere (Clarke et al, 2001a; Clarke et al, 2007; Dixit et al, 2002; Kerdar et al,
2007, Hermens et al, 2005). In their study in 2005, Song DH et al demonstrated that the
treatment with methylphenidate induced an increase in Theta/Beta ratio in the right frontal
and parieto-occipital region in 20 boys with ADHD, during continuous performance test
(CPT) and not in resting states (Song et al, 2005).

When used as part of multimodal treatment in ADHD the psycho-educational intervention
aims to maximize the likelihood of the child’s academic success by developing areas of
strength, by adapting to special needs and by remediating knowledge and skill deficits
(William & Smucher, 2001). There is great variability concerning the form of psycho-
educational intervention in bibliography. It may include informative sessions on ADHD,
behavioral strategies (parental training, child self-control instruction training, school-based
techniques, family counseling) and/or educational packages in combination with behavioral
techniques (Montoya et al, 2011).

In the present study, we were able to demonstrate that the psycho-educational program
which was added to the treatment of ADHD children could enhance the effect of the
neurofeedback protocol used. We have shown that the percentage of patients who reached
EEG activity normalization was higher in the NF+PSE compared to the NF group. However,
when we compared the longitudinal evolution of Theta/Beta ratio between the treatment
groups, the psycho-educational program did not have an effect. Taking into account the fact
that all children learned to reduce brain slowing but not all of them achieved normal
Theta/Beta ratios during the 40 sessions programmed, it can be postulated that the
implementation of a psycho-educational program may accelerate the neurofeedback
training process. Whether the effect of the psycho-educational program is modified by other
unspecified factors needs to be further studied .

One factor that has been demonstrated to be an important moderating factor of behavior at
home, especially in children treated with neurofeedback, was parental support. In the study
of Monastra et al, when “systematic” approaches towards parent mediated reinforcement
strategies were used with patients treated with both neurofeedback and standard therapies,
improved behavioral ratings were demonstrated not only at school environment but also at
home, even when medication was discontinued (Monastra et al, 2002). On the contrary,
when electrophysiological parameters were examined, as in the study of Drechsler et al,
there was no evidence of a direct influence of parent directed approaches on successful
cortical control, as 50% of the children who performed well in neurofeedback training and
66% of those who performed bad, belonged to the high parental support group (Drechsler et
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al, 2007). In the current study, we did not examine parental support as a factor that could
affect the results of the prescribed treatment.

Table 1 reports absolute values of Theta/Beta ratios on three different occasions: at first
session, after the 20th session and after the 40th session. To our knowledge, only few
neurofeedback studies focus on brain activity modification itself and EEG data are rarely
available. Initial values for Theta/Beta ratio at first session were not similar to those
reported by Monastra et al in 1999 for a group of ADHD children of the same age (Monastra
et al, 1999). In this study, authors used a Theta/Beta value that was at least 1.5 SD higher
than the value reported for normal age peers as a cutoff point for ADHD diagnosis. In the
current study, mean Theta/Beta values at first session (practically before training) were
lower as compared to those reported in the aforementioned study for children with ADHD
but above the threshold for normal children 6-11 years old (which was set at the value of 3).
On the other hand, the Theta/Beta ratios reported by Song et al in 20 patients with a mean
age of 8.6 years (1.4 years) were lower than those presented in our study, in all brain regions
that were examined (Song et al, 2005).

One explanation for this discordance in Theta/Beta values may be due to the positioning of
electrodes. In some studies focusing on neurofeedback methodology, it was observed that
when electrodes were fixed frontally, where more theta and less beta activity in patients
with ADHD is found, then artifacts by eye movements may be a significant risk (Mann et al,
1992; Lubar et al, 1995; Chabot & Serfontein, 1996). For this reason it is suggested that
electrodes are placed in a more central position at C3f (= halfway between C3 and F3) and
C4f (= halfway between C4 and F4) (Monastra et al, 1999). In the current study electrodes
were positioned at C3 or C4 positions (a bit posteriorly in relation to the positions described
previously), whereas in the study of Song et al Theta/Beta ratios were recorded in all 30
regions defined by the International 10/20 system but not over C3-C4 or C3{-C4f (Song et al,
2005; Monastra et al, 1999). A second explanation may be the difference in the methodology
used and more precisely in the calculation of the mean Theta/Beta ratio. In both the
aforementioned studies and in the current study, the Theta/Beta ratio was measured in
different conditions (performance tasks, resting states, eyes open/closed) and therefore the
produced mean values are not expected to be similar.

Furthermore, in the present study we did not make a discrimination of the ADHD type. The
composition of the study group in our study could also account for the observed differences in
the Theta/Beta values from the study of Monastra et al (Monastra et al, 2002). According to
some authors children with ADHD-Combined Type may exhibit more absolute and relative
theta activity, and higher Theta/Alpha and Theta/Beta ratios when compared to those with
ADHD-Inattentive type (Clarke et al, 1998; Clarke et al, 2001b; Clarke et al, 2003). Although
these results were not reproduced by other authors, they may suggest that children with
ADHD- Combined Type show the classic pattern of greater underarousal and maturational
delay more so than the children with ADHD- Inattentive type. In contrast, the latter group of
patients exhibited more relative alpha activity in the posterior regions than those with
ADHD-Combined Type, which is consistent with reports of slower cognitive processing and
increased rates of daydreaming among these kids (Monastra et al, 2001; Loo & Barkely, 2005).

As we have shown, Theta/Beta ratio decreased substantially, from the first to the 40th
session. Similar results were reported previously (Monastra et al, 2002; Thompson L &
Thompson M, 1998; Lubar et al, 1995; Loo & Barkley, 2005; Gevensleben et al, 2009b; Leins et
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al, 2007). In the first of these studies, patients who underwent neurofeedback training
presented a significant reduction on their Theta/Beta ratio values from above 5.03
(pretreatment) to less than 3 (post-treatment) (Monastra et al, 2002). A decrease in
Theta/Beta ratio was also observed in a randomized study published in 2009 by
Gevensleben and colleagues (Gevensleben et al, 2009). In this study, the modification of EEG
activity demonstrated in 72 children with ADHD was attributed to a marked decrease of
theta activity in posterior midline position. The findings of Leins et al are also in accordance,
although they used a different approach (Leins et al, 2007). They studied Theta/Beta ratios
in activation and in deactivation tasks and in feedback and transfer conditions, in order to
produce similar states with the SCP training program. They observed that Theta/Beta ratio
changed significantly in deactivation tasks but not in activation tasks and only in feedback
conditions. In activation tasks, a decrease in Theta/Beta ratio was observed already within
the first sessions of the treatment but, in the end, it did not reach significance. It should be
also noted that in the current study just as in the study published in 2002 by Monastra et al,
Theta/Beta values by the end of neurofeedback training were similar to values produced by
non-ADHD age peers. However, this finding was not reproduced in the study of Carmody
et al, in which normalization of spontaneous EEG after frequency neurofeedback training
was not found (Carmody et al, 2001).

Another important aspect of the current study is that all members of the study sample
proved to be capable of altering their brain wave frequency. The percentage of patients who
learn how to increase cortical activity varies across the studies published. In most of them,
this percentage was quite high. As in the present study, Lubar et al reported, in a part of
their research, that all patients managed to slow cortical activity (Lubar et al, 1995). In
support of these data, the majority of patients in the study of Lansbergen et al learned to
increase SMR and decrease theta activity (Lansbergen et al, 2011). Nevertheless, it has also
been reported that some participants fail to obtain satisfactory training results during EEG
feedback or transfer (Drechsler et al, 2007; Lubar et al, 1995; Strehl et al, 2006; Kropotov et al,
2005). This result was mostly observed in training SCPs protocols and it was attributed to
the protocol itself since the SCP training, which is rather strategic in nature and prone to
artifacts, may be more difficult for children with ADHD than a neurofeedback training
based on frequency ratios (Drechsler et al, 2001).

Finally, it was shown that the effect of psycho-educational program on neurofeedback
parameters is present only after 40 sessions. In most studies, it seems that a total of 40
sessions is needed in order to achieve improvements in ADHD symptoms and in daily
functioning. In the study of Monastra et al, the EEG neurofeedback training was stopped
when participants obtained Theta/Beta ratio in the normal range for age (within 1.0 SD of
age peers) for at least 40 min and for 3 consecutive treatment sessions (Monastra et al, 2002).
The average number of sessions needed to reach this goal was 43 (range: 34-50). However,
fewer sessions may also be enough to produce the desirable effect. In the study of
Gevensleben et al, the alteration of brain activity required only 18 sessions (Gevensleben et
al, 2009b). Similar were the results of Leins et al who suggested that patients learn to alter
EEG activity at a very early stage of the training but they don't show any improvement
during the following sessions (Leins et al, 2007). When it comes to long-term benefits from
neurofeedback, Fox et al suggested that for a long lasting change on EEG frequencies, many
sessions, up to 60, may be required, even though it was demonstrated that 30% of patients
treated with ADHD are capable of changing their brain waves frequency for a long time
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after as few as 20 sessions of neurofeedback training (Fox et al, 2005; Rossiter & LaVaque,
1995). Importantly, the desired improvement on behavioral rating scales and the Test of
Variables of Attention (TOVA) was also achieved in 20 sessions (Rossiter & LaVaque, 1995).

The current study has several limitations. The main ones are the relatively small number of
participants, the study design and the absence of follow-up data. Patients included in the
research are not randomly assigned to the treatment groups and although they are similar
for age and sex, they are not matched. Additionally, the procedure is not blinded, which in
combination with the absence of randomization or matching, may allow confounding
factors (such as parental expectation and style) to interfere with the results. Consequently,
our results may not be easily generalized. Furthermore, although it was shown that the
addition of a psycho-educational program does induce greater changes on Theta/Beta ratios
towards normalization than neurofeedback alone, this effect is only apparent immediately
after the completion of the training. We did not examine if that effect retained in the long
term. If that proved to be true, it would greatly support the simultaneous use of
neurofeedback with other behavioral interventions, based on a long standing, and hopefully
permanent brain activity modification.

Another limitation of the current study is the lack of data concerning changes on patients’
clinical characteristics. However, at this point of our investigation, the study was not
designed to examine the correlation between changes presented in Theta/Beta ratios and
behavioral alterations or if the addition of the psycho-educational program produced
greater improvements on ADHD symptoms, in comparison with the presumed improvements
due to neurofeedback training alone. In 1995, Lubar and coworkers found that all children
who undertook the neurofeedback training showed improvements in behavior and
attention, although not statistically significant. These improvements were present in both
children who managed or did not manage to alter brain activity (Lubar et al, 1995).
However, more recent research demonstrated that the extent of ADHD symptoms
improvement along with the extent of neurophysiological parameters’ improvement is
positively correlated to the degree to which the patient is able to learn to alter his/her brain
activity during training sessions. This correlation suggests that functional improvement is
based on “the specific action of feedback-guided learning.” (Hirshberg, 2007; Gruzelier &
Egner, 2005).

5. Conclusion

To conclude, the decision to combine a psycho-educational intervention with neurofeedback
in management of children with ADHD may be an advantageous option. The psycho-
educational program seems to accelerate the ability of the child to alter brain activity and to
reach the normal range of values of electrophysiological parameters. Further research
should be focused on the clarification of variables involved in this bi-modal approach e.g.
the exact type of the psycho-educational intervention applied, with detailed description of
patient and parent derivatives and the best neurofeedback protocol for each ADHD
subtype, with the goal to achieve the maximum effect not only on the brain activity but also
on the ADHD symptoms. It would also be of importance to examine long term effects of the
two treatments, on brain electrophysiolology and on clinical parameters such as ADHD
symptoms, academic achievement and even quality of life.
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