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Abstract
Attention deficit/hyperactivity disorder (ADHD) is among the most common neurobehavioral
disorders presenting for treatment in children and adolescents. ADHD is often chronic with
prominent symptoms and impairment spanning into adulthood. ADHD is often associated with co-
occurring disorders including disruptive, mood, anxiety, and substance abuse. The diagnosis of
ADHD is clinically established by review of symptoms and impairment. The biological
underpinning of the disorder is supported by genetic, neuroimaging, neurochemistry and
neuropsychological data. Consideration of all aspects of an individual’s life needs to be considered
in the diagnosis and treatment of ADHD. Multimodal treatment includes educational, family, and
individual support. Psychotherapy alone and in combination with medication is helpful for ADHD
and comorbid problems. Pharmacotherapy including stimulants, noradrenergic agents, alpha
agonists, and antidepressants plays a fundamental role in the long-term management of ADHD
across the lifespan.

Keywords
ADHD; ADD; comorbidity; treatment

INTRODUCTION AND OVERVIEW
Attention-deficit/hyperactivity disorder (ADHD) is among the most common
neurobehavioral disorders presenting for treatment in children 1, 2. It carries a high rate of
comorbid psychiatric problems such as oppositional defiant disorder (ODD), conduct
disorder, mood and anxiety disorders, and cigarette and substance use disorders 3. Across
the life span, the social and societal costs of untreated ADHD are considerable, including
academic and occupational underachievement, delinquency, motor vehicle safety, and
difficulties with personal relationships 3-56.

ADHD affects an estimated 4% to 12% of school-aged children worldwide 7 with survey
and epidemiologically derived data showing that 4 to 5% of college aged students and adults
have ADHD 8. In more recent years, the recognition and diagnosis of ADHD in adults have
been increasing although treatment of adults with ADHD continues to lag substantially
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behind that of children 8, 9. In contrast to a disproportionate rate of boys diagnosed with
ADHD relative to girls in childhood, in adults, an equal number of men and women with
ADHD are presenting for diagnosis and treatment 10.

PSYCHIATRIC COMORBIDITY
During the past decade, epidemiological studies have documented high rates of concurrent
psychiatric and learning disorders among individuals with ADHD 3, 11, 1213. Consistent with
childhood studies, studies of ADHD adults have found high rates of childhood conduct
disorder as well as adult antisocial disorders in these subjects 3.

Mood & Anxiety
Anxiety often confounds the diagnosis and treatment of ADHD 3, 11, 12. High rates of the
various anxiety symptoms exist in ADHD and may manifest as social, generalized or panic-
like symptoms. Similarly, ADHD increases the likelihood of having a depressive disorder by
at least two-fold 8, 14. Interestingly, recent data suggest that stimulant treatment of ADHD
over time may decrease the ultimate risk for anxiety and depressive disorders 15.

A growing literature reports the co-occurrence of bipolar disorder and ADHD. Systematic
studies of children and adolescents indicate rates of ADHD ranging from 57% to 98% in
bipolar children; and conversely, rates of bipolar disorder in 22% of ADHD children and
adolescents 16. There continues to be much controversy about the validity of the concurrent
diagnoses of ADHD and severe mood instability or bipolar disorder. Whereas ADHD is
characterized by the typical cognitive and hyperactive/impulsive features of the disorder,
bipolar disorder (BPD) is characterized by mood instability, pervasive irritability/rage,
grandiosity, psychosis, cyclicity, and lack of response to structure 17. When individuals
experience both sets of symptoms, they may suffer from both ADHD and BPD 17.

Substance Use Disorders
Combined data from retrospective accounts of adults and prospective observations of youth
indicate that juveniles with ADHD are at increased risk for cigarette smoking and substance
abuse (SA) during adolescence 18. ADHD adolescents and adults become addicted to
cigarette smoking at twice the rate compared to non-ADHD individuals 19, 20. ADHD youth
disproportionately become involved with cigarettes, 19 which increases the risk for
subsequent alcohol and drug use 21. Individuals with ADHD tend to have more severe
substance abuse and maintain their addictions longer compared to their non-ADHD
peers 19, 22-24.

Concerns of the abuse liability of stimulants and the potential kindling of substance abuse
secondary to early stimulant exposure in ADHD children have been raised. 25 These
concerns are based largely on data from animal studies. 25 However, the preponderance of
clinical data and consensus in the field do not appear to support such a contention. For
example, in a prospective study of ADHD girls followed into adolescence, a significant
reduction in the risk for SA was reported in treated compared to untreated ADHD youth 26

with no increase (or decreased) SUD risk associated with stimulant treatment into
adulthood 27.

DIAGNOSING ADHD
ADHD can be reliably diagnosed in children, adolescents, and adults 28. Using the current
guidelines, the child or adult patient must meet the criteria in the Diagnostic and Statistical
Manual of Mental Disorders (DSM-IV-TR)29. It is important to note, however, that the
DSM-IV-TR criteria for ADHD symptoms were derived from youth to age 17 years and
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therefore were not specifically tailored to adults and hence, may not always “fit” adults with
the disorder 28, 30. The symptoms of the disorder are categorized as follows: inattention-
difficulty sustaining attention and mental effort, forgetfulness, and distractibility;
hyperactivity-fidgeting, excessive talking, and restlessness; and impulsivity-difficulty
waiting one’s turn and frequent interruption of others. The DSM-IV-TR criteria also include
onset by age 7, impaired functioning in at least 2 settings (home, work, school, job), and
more than 6 months of duration 30. Three subtypes of the syndrome are currently
recognized: predominantly inattentive, predominantly hyperactive-impulsive, and the
combined type, which is the most common and typically more severe and with more
comorbidity 29, 31, 32. Between 90 to 95% of adolescents and adults with ADHD manifest
the inattention cluster of symptoms at least as a component of their disorder 31. Of interest,
the combined subtype of ADHD may simply represent a more severe and debilitating
presentation of ADHD (e.g. more symptoms) and there may be relatively more stability of
the subtype with development 32, 33.

To meet the diagnostic criteria for the inattentive or hyperactive-impulsive subtypes, an
individual must have 6 or more of the 9 symptoms from either group of criteria (18 possible
traits in all) 30. For the combined subtype, an individual must have 6 or more inattentive
symptoms and 6 or more hyperactive-impulsive symptoms. To warrant the ADHD
diagnosis, symptoms must cause significant impairment. Adults diagnosed with the disorder
must have had childhood onset and persistent and current symptoms, although allowance is
made for incomplete persistence of full criteria (ADHD-in partial remission) or lack of clear
childhood symptoms (ADHD NOS).

Of interest, whereas clinicians are concerned as to the possibility of purposely
misrepresenting or over-reporting of ADHD symptoms by college students or adults, data
suggest the opposite may be operant. Mannuzza et al. 34 in a prospective 16-year follow-up
of children with ADHD now at a mean age of 25, found that of the 176 individuals with a
well characterized past history of ADHD, only 28% of the adults through direct interviews
were identified as having childhood ADHD. These data further highlight issues around the
relatively poor sensitivity of recalling symptoms (and establishing the diagnosis of ADHD)
by adult self-report, particularly when not anchoring symptoms in childhood.

The diagnosis of ADHD is made clinically with scales used in an ancillary manner. The
patient’s symptoms, severity of impairment, possible comorbidity, family history, and
psychosocial stressors may be determined during the patient and/or parent interview. In
pediatric evaluations, the adolescent’s behavior and parent-child interaction are observed,
and the child’s school, medical, and neurological status are evaluated 2. A number of
diagnostic and follow-up scales are available (see www.schoolpsychiatry.org)35. Symptom
scales used with all age groups (to assess home, school, and job performance) include, but
are not limited to, the ADHD Symptom Checklist, SNAP-IV Teacher and Parent Rating
Scale, Conners Rating Scales-Revised,, Brown Attention-Deficit Disorder Scales for
Children, and the ADHD Symptoms Rating Scale 36. Although these tools quantify behavior
deviating from norms, they should not be used alone to make or refute the diagnosis.

Diagnosing adults involves careful querying for developmentally appropriate criteria from
the DSM-IV-TR concerning the childhood onset, persistence, and current presence of
symptoms 29. Diagnostic aids are available for adult ADHD 3637. For instance, the Adult
Self Report Scale, Conners Adult ADHD Scales, and Brown Attention scales for adults are
among instruments available to assist in the diagnosis of ADHD3637. For a briefer screening
of adults, the World Health Organization Adult ADHD self-report scale (Figure 1) can be
downloaded (www.who.org) and has been validated as a manner of identifying those at risk
for ADHD who necessitate further screening 38.
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Follow-up studies show that prominent symptoms and impairment related to the disorder
persist into adulthood in approximately one-half of cases 39, 40. There appears to be
developmental variance in the ADHD symptom profile across the life span 31, 32, 39-41.
Longitudinally derived data in ADHD youth growing up indicate that the symptom cluster
of hyperactivity and impulsivity decays over time, while the symptoms of inattention largely
persist 32, 39-4131. In support of this notion, data derived from a group of clinically referred
adults with ADHD indicate that approximately half of adults endorse clinically significant
levels of hyperactivity/impulsivity, but 90% endorse prominent attentional symptoms 3231.

A substantial body of literature implicates abnormalities of brain structure and function in
the pathophysiology of both childhood and adult ADHD 42-4849-51. We have known for
decades that ADHD youth show impaired performance on tasks assessing vigilance, motoric
inhibition, organization, planning, complex problem solving, and verbal learning and
memory 52, 53. Prominent neuropsychologically-derived executive dysfunction is associated
with learning disabilities and poorer overall prognosis over time in ADHD youth 54. Similar
findings are emerging in adults with ADHD 52. While neuropsychological testing is not used
clinically to diagnose ADHD in adults, such testing aids in identifying learning disabilities,
sub average intelligence, and specific information processing deficits.

PATHOPHYSIOLOGY AND GENETICS
Neurobiology

ADHD has been conceptualized as a disorder affecting “frontal” circuitry due to associated
deficits in executive cognitive functioning. Structural imaging studies have documented
diffuse abnormalities in children and adults with ADHD. A large study by Castellanos and
colleagues 55 reported smaller total cerebrum, cerebellum, and the four cerebral lobes that
did not change over time. A structural magnetic resonance imaging (MRI) study 56 in adults
with and without ADHD also revealed a smaller anterior cingulate cortex (ACC) and
dorsolateral prefrontal cortex (DLPFC). The DLPFC controls working memory that involves
the ability to retain information while processing new information. These differences are
thought to account for deficits in goal-directed and on task behavior in ADHD. The ACC is
thought to be a key region of regulation involving the ability to focus on one task and choose
between options.

Investigators have also examined the developmental pattern of cortical maturation in
ADHD. Shaw and colleagues 57 reported a delay in cortical thickness among ADHD
patients. The pattern of brain development, from sensorimotor to associative areas, was
similar in children with and without ADHD. However, the age of peak development was
delayed in those with ADHD. Using the same measure of cortical thickness data in adults,
Makris and associates 58 have shown that cortical thickness is not normalized and that the
areas of the brain that are affected in children with ADHD remain affected in adulthood. In
this study the DLPFC, parietal areas, and ACC had thinner measures of cortical thickness in
adults with ADHD than in adults without ADHD.

Functional magnetic resonance imaging (fMRI) has been used to examine brain activity
during selective cognitive challenges in individuals with ADHD. One study that measures
brain activity using a neuropsychological test (go/no-go) found that both youth and adults
with ADHD showed attenuated activity in the frontostriatal regions of the brain that are key
for inhibitory control and for attention (prefrontal cortex and caudate) 59. Adults with
ADHD also activated non-frontostriatal regions (ACC, parietal areas) moreso than controls.
The amount of brain activation observed correlated closely with the degree of efficiency on
the task in both children and adults with ADHD.
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The results of fMRI studies were reviewed by Casey and Durston 60 who hypothesized that
top-down and bottom-up control systems were affected in ADHD. They speculated that
bottom-up neural systems detect the regularities and irregularities in the environment to
activate the frontal brain systems to alter behavior. These systems are key regulators of
maintaining sustained attention vs. shifting attention due to sensory input. Casey and
Durston 60 posited that the striatum regulates what to expect (type of task), the cerebellum
regulates when to expect it (timing of task), and the parietal lobe alerts one to novel or
newer competing stimuli.

Interestingly, medication may normalize some of these functional deficits. Bush and
colleagues published a study showing that 7 weeks of treatment with methylphenidate
normalized activation in the ACC 61. Those receiving medication showed increases in
activation of the ACC and DLPFC at follow-up as compared to baseline and to those
receiving placebo treatment. Hence, those areas of the brain that were underactive in adults
without treatment normalized with treatment.

The neurobiology of ADHD is strongly influenced by genetic factors. As highlighted in a
special issue of Science dedicated to the human genome project, ADHD is among the most
recognized genetic-based disorders in psychiatry 62. Family studies of ADHD have shown
that the relatives of ADHD children are at high risk for ADHD, comorbid psychiatric
disorders, school failure, learning disability and impairments in intellectual functioning 63.
Additional lines of evidence from twin, adoption and segregation analysis studies suggest
that the familial aggregation of ADHD has a substantial genetic component. Twin studies
find greater similarity for ADHD and components of the syndrome between monozygotic
twins compared with dizygotic twins 64, 65. Faraone and colleagues 66 in a meta-analysis of
the various studies reported on the mean heritability of ADHD. Heritability refers to the
amount of genetic influence for a particular condition. A coefficient of 1 indicates an
entirely genetically influenced phenomenon, while a 0 indicates no genetic influence.
Depression, anxiety, panic, and even Asthma had mean heritability rates below 50%. In
contrast, two of the most biologically related psychiatric disorders, schizophrenia and
autism, are heritable at ~75%. ADHD falls in this higher range as well, with work by
Rietveld and associates showing a mean heritability rate of 75% 67.

As with many complex neuropsychiatric conditions, multifactorial causation is thought to be
involved in ADHD; an additive effect of multiple vulnerability genes interacting with
environmental influences. Pooled analyses reveal that there is not one single gene associated
with ADHD 66. The disorder is thought to result from a combination of small effects from a
number of genes (polygenetic). Some of the candidate genes that have been identified thus
far relate to synthesis, packaging, release, detection and recycling of dopamine or
catecholamines including the post-synaptic DRD4, dopamine transporter, and SNAP 25
genes; as well as others related to other neurotransmitters such as serotonin. Clearly, more
work is necessary in disentangling the relationship of candidate genes in producing specific
phenocopies of ADHD, as well as response prediction to psychosocial and pharmacological
intervention.

TREATMENT
The management of ADHD includes consideration of two major areas: non-pharmacological
(educational remediation, individual and family psychotherapy) and pharmacotherapy 2.
Support groups for children and adolescents and their families, as well as adults with
ADHD, provide an invaluable and inexpensive environment in which individuals are able to
learn about ADHD and resources available for their children or themselves. Support groups
can be accessed by calling an ADHD hotline or a large support group organization (i.e.
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Children and adults with ADHD-CHADD, Adults with ADHD-ADDA,), or by accessing the
internet.

Specialized educational planning based on the child’s difficulties is necessary in a majority
of cases 68. Since learning disorders co-occur in one-third of ADHD youth, ADHD
individuals should be screened and appropriate individualized educational plans developed.
Parents should be encouraged to work closely with the child’s school guidance counselor
who can provide direct contact with the child as well as serve as a valuable liaison for
teachers and school administrators. The school’s psychologist can be helpful in providing
cognitive testing as well as assisting in the development and implementation of the
individualized education plan. Educational adjustments should be considered in individuals
with ADHD with difficulties in behavioral or academic performance. Increased structure,
predictable routine, learning aids, resource room time, and checked homework are among
typical educational considerations in these individuals. Similar modifications in the home
environment should be undertaken to optimize the ability to complete homework. For youth,
frequent parental communication with the school about the child’s progress is essential.

PSYCHOSOCIAL TREATMENTS
Clinicians have at their disposal a variety of psychosocial interventions for ADHD (for
review see 68, 69). Apart from traditional psychotherapy, which addresses underlying
emotions, tutors are available to help children develop strategies for improving academic
performance and interpersonal relations. Tutors can assist the child with skills in
organization and prioritization, as well as act as mentors, advocates, and motivational
figures.

Parent training is often conducted using the antecedent behavior consequence model, and is
implemented using various methods, including small and large parent training groups, parent
training with individual families, videotapes, and behavioral sessions that include
children 70. In the academic setting, virtually all children with ADHD must cope with
organizational and behavioral demands and expectations. Classroom behavioral
interventions often involve training the teacher in use of these methods.

Teachers can conduct individual and class-wide interventions using antecedents and/or
consequence methods 71. Antecedent interventions are based on an understanding of the
range of antecedents (eg, boredom, peer provocation, unclear inconsistent rules) that
precipitate behavioral problems. Antecedent/consequence interventions involve
understanding antecedents to inappropriate behavior and reinforcing appropriate behavior
with rewards. Consequence interventions involve the judicious use of punishment to
encourage appropriate classroom behavior.

Accommodations should be considered to assist the child with ADHD. For instance, other
behavioral strategies can be used in the classroom setting to facilitate attention 72. These
include placing the child with ADHD in proximity to the teacher, eliminating environmental
distractions, and arranging seating in traditional rows rather than clusters. Lessons that
involve novelty and stimulation in easy and repetitive tasks rather than new or difficult ones
have been shown to benefit the child with ADHD. Additional interventions shown to be
effective in the academic setting include peer-mediated interventions and token economies.

Exciting new work has shown that cognitive therapies 73 and cognitive behavioral therapy
have been shown effective in medicated adults with ADHD who manifest residual ADHD
symptoms 74-77. Social skills remediation for improving interpersonal interactions and
coaching for improving organization and study skills may be useful adjuncts to treatment,
although there generalizeability remains debated. Little data exists for the use of
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neurofeedback, cerebellar training, attention or memory training, or ophthalmic
manipulation for the treatment of core ADHD symptoms 71.

PHARMACOTHERAPY
Medications remain a mainstay of treatment for children, adolescents, and adults with
ADHD (see Table 1). In fact, NIH-funded multisite studies support that medication
management of ADHD is the most important variable in outcome (for core ADHD
symptoms) in context to multimodal treatment at least over the first year to two of
treatment 78-80. The stimulants, noradrenergic agents, and alpha agonists comprise the
available agents for ADHD. The medications used in ADHD have been observed to have
pharmacological responsivity across the lifespan for school-aged children, adolescents, and
adult groups with ADHD.

Stimulants
The stimulant class medications are among first line agents for pediatric and adult groups
with ADHD based on their extensive efficacy and safety data 1. The most commonly used
compounds in this class include methylphenidate-based (Ritalin, Concerta, Focalin,
Metadate, Daytrana and others) and amphetamine-based (Adderall, Dexedrine, Vyvanse)
formulations. Stimulants are sympathomimetic drugs which increase intrasynaptic
catecholamines (mainly dopamine and norepinephrine) by inhibiting the presynaptic
reuptake mechanism and releasing presynaptic catecholamines 81. Whereas methylphenidate
is specific for blockade of the dopamine and noradrenergic transporter proteins,
amphetamines (in addition to blocking the dopamine and noradrenergic transporter protein)
release catecholaminergic stores and cytoplasmic dopamine and noradrenaline directly into
the synaptic cleft (for review see 1, 81).

Given the need to additionally treat ADHD outside of academic settings (i.e. social,
homework, driving) and to reduce the need for in school dosing and likelihood for diversion,
there has been a shift to the extended release preparations of the stimulants. Extended
release preparations diminish afternoon wear-off and rebound and appear to manifest less
abuse liability compared to their immediate-release counterparts 82, 83. The extended release
stimulants include methylphenidate (trade names: Concerta, Daytrana Patch, Focalin XR,
Metadate CD, Ritalin LA) and amphetamine formulations (trade names: Adderall XR,
Vyvanse). The literature suggests more similarities than differences in response to the
various available stimulants 1, 84. However, based on different mechanisms of action and
individual tolerability, some patients who lack a satisfactory response or manifest adverse
effects to one stimulant may respond favorably to another. Stimulants should be initiated at
the lowest available dosing once daily and increased every three to seven days until a
response is noted or adverse effects emerge.

Stimulants appear to work in all age groups of individuals with ADHD. For instance, a
controlled multi-site study in preschoolers showed improvement in ADHD symptoms and
structured tasks; however, the response was less robust with a higher side effect burden
compared to other age groups 85. There has been a great interest in the use of stimulant
treatment in adults with ADHD. There have been approximately 40 studies of stimulants
demonstrating moderate efficacy 86. Currently FDA approval is only for the extended-
release preparation of stimulants in adults.

Predictable short-term adverse effects include reduced appetite, insomnia, edginess, and GI
upset 87. Elevated vital signs may emerge necessitating baseline and on-drug monitoring.
Although stimulants may produce anorexia and weight loss, their effect on ultimate height
remains less certain 88, 89. Whereas a number of studies have indicated potential growth
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delay earlier in treatment, normalization appears to occur with chronic treatment.
Longitudinal studies suggest that the majority of ADHD youth with tics can tolerate
stimulant medications 90; however, up to one-third of children with tics may have worsening
of their tics with stimulant exposure 91. Current consensus suggests that stimulants can be
used in youth with comorbid ADHD plus tics with careful monitoring for stimulant-induced
tic exacerbation.

Warnings have also highlighted potential cardiovascular adverse events. Data suggest that
rates of sudden and catastrophic adverse cardiovascular effects are no higher on stimulants
and nonstimulants to treat ADHD compared to the general population 92. Based on
guidelines from the American Academy of Pediatrics 93, 94, history and symptoms referable
to structural heart disease should be queried prior to starting and during treatment with
medications (see Figure 2) including family history of premature death, congenital heart
disease, palpitations, syncopal episodes, dizziness, or chest pain 93, 94. Blood pressure and
pulse monitoring at baseline and periodically thereafter is recommended whereas ECG
monitoring is optional 93, 94.

Despite lingering concerns of stimulant abuse, there is a paucity of scientific data supporting
that stimulant-treated ADHD individuals systematically abuse their medication 95 and the
preponderance of recent data continue to suggest reductions of cigarette smoking and
substance abuse associated with treatment19, 26. However, data suggest that diversion of
stimulants to non-ADHD youth continues to be a concern 96, 97. Families should closely
monitor stimulant medication, and college students receiving stimulants should be advised
to carefully store their medication 96. Two studies have shown less abuse liability associated
with extended-release relative to immediate release MPH 82, 83.

Atomoxetine
Atomoxetine is a potent norepinephrine-specific reuptake inhibitor that has been studied in
youths and adults 98, 99. Atomoxetine has been shown to be effective in long-term use 100.
Atomoxetine has also been shown particularly useful in comorbid ADHD. In a
noninferiority study in children with ADHD and tic disorder, atomoxetine reduced tic
severity while improving ADHD symptoms. Children with ADHD and clinically significant
anxiety responded more favorably to atomoxetine than placebo with reductions in both
anxiety and ADHD scores 101. Likewise, data in young adults with ADHD has shown that
12 week treatment with atomoxetine in recently abstinent alcoholics (4-30 days) was
associated with significant reductions in ADHD and heavy drinking (not relapse) compared
to placebo 102. In clinical trials, atomoxetine is associated with nausea, GI distress, and
sedation most commonly reported. Patients may rarely experience hostility, irritability, and/
or suicidality. There is currently a black box warning for rare, but potentially serious,
hepatitis (see http://www.strattera.com/pages/index) 103. While routine liver function
monitoring is not recommended, careful informed consent with patients and their families
can enhance vigilance for warning signs and symptoms.

Antihypertensives/alpha agonists
The antihypertensives guanfacine and clonidine are alpha-adrenergic agonists; an extended-
release preparation of guanfacine is FDA approved. Whereas clonidine affects alpha
receptors more broadly, guanfacine appears to be more selective for the alpha 2a receptor.
Improvements in both attention and hyperactivity/impulsivity have been demonstrated with
the alpha agonists 104. The alpha agonists have been used for the treatment of core ADHD as
well as associated tics, oppositional defiant behavior, aggression, and sleep disturbances,
particularly in younger children 105.
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Multisite combination studies using alpha agonists and stimulants have been conducted in
youth with ADHD and ADHD plus tics. Interestingly, all studies have shown that the
combination was more effective than either agent alone in improving ADHD and/or
tics 106-109110. In these studies, no clinically meaningful adverse cardiovascular events were
observed 106, 107. Cardiovascular monitoring by ECG remains optional. Adverse effects with
the alpha agonists include sedation, fatigue, mood, and the potential for rebound
hypertension with abrupt discontinuation.

Several additional medications have demonstrated benefit in controlled trials, but have not
been approved by the FDA for the treatment of ADHD. The antidepressant bupropion has
been shown effective for ADHD in controlled trials of children 111 and adults 112, 113.
Additionally, open trials in adolescents with ADHD and depression 114 and adults with
ADHD and bipolar disorder 115 have suggested a further utility for this agent. Given its
utility in reducing cigarette smoking, improving mood, lack of monitoring requirements, and
general tolerability, bupropion is often used as an agent for complex ADHD patients with
substance abuse or a mood disorder. Adverse events include activation, irritability,
insomnia, and in rare cases, seizures.

The tricyclic antidepressants (TCAs) such as imipramine are effective in controlling
abnormal behaviors and improving cognitive impairments associated with ADHD, but less
so than the majority of stimulants 116. The TCAs are particularly useful when other FDA
approved agents fail and/or when oppositionality, anxiety, tics, sleep, or depressive
symptoms co-occur within ADHD. Unwanted side effects include sedation, weight gain, dry
mouth, and constipation. Blood levels should be measured periodically and, since TCAs
prolong the cardiac repolarization, ECG monitoring is recommended but not required to
screen for arrhythmia risk. TCAs can be fatal in overdose and need to be stored carefully,
particularly if toddlers are in the family.

Modafinil is currently approved as treatment for narcolepsy and has been shown effective in
pediatric, but not adult, trials of ADHD 117. Modafinil has not been approved by the FDA
for the treatment of ADHD due to safety concerns (rare but potentially serious erythema
multiforme).

SUMMARY
In summary, ADHD is a prevalent world-wide, heterogeneous disorder that frequently
persists through adolescence into adult years. ADHD continues to be diagnosed by careful
history with an understanding of the developmental presentation of normal behavior and
symptoms of the disorder. ADHD has been reconceptualized as a more chronic condition
with approximately one-half of children continuing to exhibit symptoms and impairment of
the disorder into adulthood 39, 40.. Most individuals with ADHD have a comorbid disorder:
including oppositional, conduct, anxiety, or mood disorders 3, 11, 12.. In addition, ADHD
carries with it significant impairment in academic, occupational, social, and intrapersonal
domains necessitating treatment. Converging data strongly support a neurobiological and
genetic basis for ADHD with catecholaminergic dysfunction as a central finding.

Psychosocial interventions such as educational remediation, structure/routine, and cognitive-
behavioral approaches should be considered in the management of ADHD. Contemporary
work exhibiting improved outcomes associated with specific cognitive therapies in adults
with ADHD has been demonstrated. An extensive literature supports the effectiveness of
pharmacotherapy not only for the core behavioral symptoms of ADHD but also
improvement in linked impairments. Similarities between pediatric and adult groups in the
presentation, characteristics, neurobiology, and treatment response of ADHD support the
continuity of the disorder across the lifespan.
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Summary

Attention-deficit/hyperactivity disorder is a heterogenous disorder that is prevalent
worldwide and frequently persists from adolescence into adult years. Attention-deficit/
hyperactivity disorder continues to be diagnosed by careful history with an understanding
of the developmental presentation of normal behavior and symptoms of the disorder. It
has been reconceptualized as a more chronic condition, with approximately half of
children continuing to exhibit symptoms and impairment into adulthood.39, 40 Most
individuals with ADHD have a comorbid disorder, including oppositional, conduct,
anxiety, or mood disorders.3, 11, 12 In addition, ADHD carries with it significant
impairment in academic, occupational, social, and intrapersonal domains necessitating
treatment. Converging data strongly support a neurobiological and genetic basis for
ADHD, with catecholaminergic dysfunction as a central finding.

Psychosocial interventions such as educational remediation, structure/routine, and
cognitive behavioral approaches should be considered in the management of ADHD.
Contemporary work exhibiting improved outcomes associated with specific cognitive
therapies in adults with ADHD has been demonstrated. Extensive literature supports the
effectiveness of pharmacotherapy not only for the core behavioral symptoms of ADHD
but also improvement in linked impairments. Similarities between pediatric and adult
groups in the presentation, characteristics, neurobiology, and treatment response of
ADHD support the continuity of the disorder across the lifespan.
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Figure 1. ADHD Screener
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Figure 2. CV Screener
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TABLE 1
Medications Used in the Treatment of ADHD

Generic class
(Brand name)

DAILY
DOSE
(MG/KG)

DAILY
DOSAGE
SCHEDULE

TYPICAL
DOSING
SCHEDULE**

COMMON ADVERSE EFFECTS

STIMULANTS

Amphetamine 0.3-1.5 -Insomnia

Short-acting
(Dexedrine-tablets)

Twice or
three times

5-30 mg BID to
TID

-Decreased appetite, weight loss
-Tic exacerbation

-Depression, anxiety

Intermediate-acting
(Adderall, Dexedrine spansules)

Once or
twice

5-30 mg BID -Rebound phenomena (short acting
preparations)

-Increased blood pressure/ pulse

Extended-release
(Adderall-XR; Vyvanse)

Once 10-70 mg QD

Methylphenidate -Insomnia

Short acting
(Ritalin, Metadate; Focalin)

0.5.0-2.0
(< 1 mg for
d-MPH or
patch)

Twice to
four times

5-40 mg BID to
QID

-Decreased appetite, weight loss
-Tic exacerbation
-Depression, anxiety

Intermediate-acting
(Ritalin SR, Metadate SR)

Once or
twice

10-60 mg QD to
BID

-Rebound phenomena (short acting
preparations)
- Increased blood pressure/ pulse

Extended-release
(Concerta; Metadate CD; Focalin
XR; Daytrana Patch)

Once 10-90 mg QD

NORADRENERGIC AGENTS

ATOMOXETINE (STRATTERA) 1.0-2.0 Once or
twice

25-140 mg QD -GI Upset, nausea
-Sedation, insomnia
-Agitation

Alpha Agonists

Guanfacine
(Intuniv [Extended-release;
Tenex*)

30-100
mcg/kg

Twice 0.5-1 mg TID
1-4 mg daily

-Similar to clonidine but less sedation

Clonidine*
(Catapress)

3-10
mcg/kg

Twice or
three times

0.05-0.1 mg TID -Sedation, dry mouth, depression
-Confusion (with high dose)

-Bradycardias, syncope

-Rebound hypertension

MODAFINIL* Once or
twice

100-400 mg QD -Insomnia
-Weight loss

-Increased blood pressure/pulse

ANTIDEPRESSANTS*

Tricyclics (TCAs)*
e.g., Imipramine, Desipramine,
Nortriptyline (NT)

2.0-5.0
(1.0-3.0
for NT)

Once or
twice

25-300 mg QD
(25-150 mg QD
for NT)

-Dry mouth, constipation
-Weight loss
-Vital sign and ECG changes
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Generic class
(Brand name)

DAILY
DOSE
(MG/KG)

DAILY
DOSAGE
SCHEDULE

TYPICAL
DOSING
SCHEDULE**

COMMON ADVERSE EFFECTS

Bupropion*
(Wellbutrin short acting and
sustained release-SR, XL)

1.0-6.0 Once to
three times

75-100 mg TID
150-200 BID
(SR); 150-450
XL

-Irritability, insomnia
-Risk of seizures
-Contraindicated in bulimics

*
Denotes not FDA approved for ADHD at this time

**
Denotes typical clinical dosing of these compounds; not reflective of FDA approved indications or dosing
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