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Attention-deficit/hyperactivity disorder
(ADHD), characterized by developmentally inap-
propriate inattentiveness, impulsivity, and hyper-
activity, is the most common and thoroughly re-
searched neuropsychiatric disorder affecting
children and adolescents. The diagnosis of ADHD
requires a comprehensive‘clinical assessment in-
cluding a detailed patient history, clinical inter-
view and observation, and a thorough physical
examination. A variety of other disorders can
masquerade as ADHD or coexist with the disor-
der. The clinician must recognize environmental
influences that may affect the severity of symp-
toms exhibited in the child or adolescent with
ADHD. Clinically, treatment with a stimulant
can be expected to result in an immediate, often
dramatic, improvement in the core symptoms of
ADHD. Studies published over the past 20 years
indicate that the symptoms of ADHD, which were
originally thought to diminish as a child matured,
may persist into adolescence and adulthood. This
article is a review of the most recent recommen-
dations and clinical data regarding the diagnosis
and management of ADHD in children and ado-
lescents to assist with appropriate and prudent
clinical decision making.
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A ttention-deficit/hyperactivity disorder (ADHD) is

a neurobehavioral syndrome characterized by de-
velopmentally inappropriate degrees of inattentiveness,
impulsivity, and hyperactivity. It is the most common and
thoroughly researched neuropsychiatric disorder affecting

children and adolescents. Individuals with ADHD are a
heterogeneous group, displaying high variability in the

psychiatric and developmental conditions, and patient
and family stress.

An atmosphere of controversy and confusion has
arisen during the past decade concerning the apparent rise
in prevalence of ADHD and the resultant escalation in
psychostimulant prescriptions in the United States. De-
spite the recognition of the disorder nearly a century ago
and the extensive research conducted in the latter half of
the 20th century, there are those who continue to believe
that ADHD is simply a problem of poor parenting or soci-
etal influences. Public and professional concerns include
the increasing frequency of diagnosis of ADHD, treat-
ment with stimulant medications, and even the validity of
the disorder itself. The purpose of this article is to review
the most recent recommendations and clinical data re-
garding the diagnosis and management of ADHD in chil-
dren and adolescents to assist with appropriate and pru-
dent clinical decision making.

EPIDEMIOLOGY

The true worldwide prevalence of ADHD is difficult to
measure.’The.reported values in the literature have ranged
from 1.7%to-as_high.as 17.8%Differences in the prev-
alence of ADHD-may-be explained by wide variations in
the use of diagnostic and assessment measures, the degree
of impairment necessary for diagnosis, cultural differ-
ences (e.g., degree of awareness of the disorder as well as
variable levels of tolerance ofcertain behaviors), and the
population sampled?

Based on earlier diagnostic criteria, the DSM-IV
estimates the prevalence to be 3% 10)5% in school-
aged childreri. Current estimated prevalénce rates in
school-aged youth based on DSM-1V criteria are closer to
10%? Earlier diagnostic sets had a narrower focusdargely
based on hyperactivity, whereas current criteria<include
both hyperactive/impulsive and inattentive subtypes.'A
recently published analysis of trends regarding diagnosis
of ADHD among school-aged children and physician
psychostimulant-prescribing practices revealed a 2.3-fold

frequency and pervasiveness of symptoms, as well as theéncrease in the rate of office-based visits resulting in a

degree of impairment resulting from these symptoms.
This disorder is associated with significant functional im-
pairment, including poor academic outcomes, comorbid

66

diagnosis and a 2.9-fold increase in the rate of ADHD
patients prescribed psychostimulant medicatioif$ie
higher rates of diagnosis and treatment may be due to in-
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creased recognition of the inattentive subtype, increasedstudies have implicated several genes that may be asso-
awareness and acceptance of the condition, and greateciated with the development of ADHD, including the
knowledge of the iliness cour8An increase in the use of human thyroid receptds-gene, the dopamine transporter
stimulant medications may also be a reflection of confi- (DAT1) gene, and the D4 receptor (DRD4) gén&.The
dence in the efficacy and safety of these medicationsgenetic mechanisms involved in the heritability of ADHD
based on years of experience in clinical practice and nu-are likely to be an area of further research.

merous controlled clinical trials.

The ratio of male to female patients with ADHD varies
depending on factors such as the population studied and
the diagnostic criteria utilized. Among patients referred to Persistence Into Adolescence and Adulthood
psychiatrists ‘and psychologists from a clinic setting, the  Studies published over the past 20 years indicate that
boy-to-girl ratiofin'school-aged children has been reported the symptoms of ADHD, which were originally thought to
as high as 9:3° whereas in community epidemiologic diminish as a child matured, may persist into adolescence
studies the ratio is-Cleser to 22 The difference in re-  and adulthood. In a review of follow-up studies, Barkley
ported sex ratios“among school-aged children is mostand Biedermaii estimated that 40% to 80% of patients
likely due to referral-bias in clinical versus population- diagnosed with ADHD in childhood will continue to ex-
based studies. The sex ratio among young adults, how-hibit symptoms in adolescence and young adulthood. As
ever, is approximately 1. many as 60% of children with ADHD may continue to
display behavioral problems and symptoms of the disor-
der well into their adult lived.

Follow-up studies have revealed limited information
Although the exact cause of ADHD has.not been fully regarding the timing of remission. ADHD may remit in
elucidated, the disorder is most likely-causedby a com- childhood or adolescence. Early remission (prior to age

plex interplay of neurologic, biological, and envirenmen- 12) may be associated with low levels of comorbidity,
tal factors. Evidence from neuroimaging studies and fam- low familiality, and low psychosocial risk factotsHart

ily studies implicates neurobiological and genetic/factors et al® reported that the persistence of ADHD at a 4-year
as the greatest contributors. Several magnetic.resonancéollow-up was predicted by hyperactive-impulsive symp-
imaging (MRI) studies have demonstrated abnormalities.toms and comorbid conduct disorder. More prospective,
and/or smaller volumes in specific areas of the brain in longitudinal follow-up studies are necessary to further de-
patients with ADHD compared with normal subjects./ lineaterates of persistence and the factors affecting remis-
These areas include the caudate nucleus and globus pallision of ADHD.

dus regions, involved with motor activity; the frontal

lobes, associated with attention; and some regions of theClinical*Sequelae

corpus callosun®*An analysis of the results from quan- By late’childhood and early adolescence, many patients
titative MRI studies reveals that these regions of the brain with ADHD-will_display academic, familial, and social
are approximately 10% smaller in ADHD patients com- dysfunction. The potential consequences of nontreatment
pared with control patients. of ADHD include low self-esteem, social and academic

One of the most well-documented potential etiologies failure, and possibly an‘increased risk of later antisocial
is that of heredity, indicative of a genetic contribution to behavior***Adolescents with ADHD are up to 3 times as
the pathogenesis of ADHD. Family studies have demon- likely as normal controls to have failed 1 or more grades,
strated that first-degree relatives of patients with ADHD been suspended, or been expelled.in the course of their
have a higher risk for the disorder than relatives of con- academic careef§.A significant percentage of adoles-

COURSE OF ILLNESS

ETIOLOGY

trols.'®*% Siblings of children with ADHD have 2 to 3
times the risk of having ADHD compared with siblings
of control subject$! Concordance is higher in full sib-
lings than in half siblings and in monozygotic twins ver-
sus dizygotic twins. Adoptive relatives of children with

cents and adults (25% to 40%) display delinquent behav-
ior or antisocial personality at follow-up, particularly male
patients who exhibited conduct problems_at an early
agel®*"*®Adolescents with ADHD tend to be involved in
auto accidents and receive traffic violations at a‘greater

ADHD are less likely to have the disorder than are bio- rate than adolescents without ADHDIn addition, these

logical relatives of these childréf?® Most studies also

patients are more likely to smoke and experiment with

demonstrate an increased risk for ADHD in parents of drugs®* and, in patients with a comorbid diagnosis of

children diagnosed with the disordéfwin studies have
indicated that the average heritability of ADHD is ap-
proximately 0.8¢ This value means that about 80%

conduct disorder, to develop a substance abuse préblem.
A significant subgroup of children with ADHD will de-
velop serious psychopathology and dysfunction during

of the variance in phenotype can be attributed to geneticadolescence and young adulthood, but the predictive fac-
rather than environmental factors. Molecular genetic tors are unknowr: Seidman et &° reported that adults
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with ADHD have higher rates of childhood conduct disor-

Table 1. Diagnostic Criteria for

der, adult antisocial personality disorder, and mood and Attention-Deficit/Hyperactivity Disorder®

anxiety disorders compared with control patients without a.
ADHD matched by age and gender. Adults with persistent
symptoms of ADHD have completed less formal educa-
tion and have lower-status jobs, but not lower rates of em-
ployment03741

DIAGNOSIS

Diagnostic Criteria

There is no~single test to diagnose ADHD; rather,
ADHD, like other_psychiatric and many medical condi-
tions, is a clinical diagnosis based on symptomatology and
associated impairments. The diagnostic criteria primarily
used in clinical practice.in the United States are specified
in the DSM-1V (Table 1§.Thése criteria are based on field
trials that were conducted mainly.in children 5 to 12 years
of age?*? Diagnostic criteria require that symptoms be per-
vasive (i.e., appear in a variety of settings), have persisted
for at least 6 months to a degree that’is maladaptive and
inconsistent with developmental level, manifested before
the age of 7 years, and are the cause-of significant academic
or social impairment. The 3 subtypes of ADHD delineated
in the DSM-IV include (1) the predominantly inattentive
type, (2) the predominantly hyperactive-impulsive type,
and (3) the combined type. In addition, the DSM-}V indi-
cates a diagnosis of “ADHD not otherwise specified” for
cases in which prominent symptoms are present but full
criteria are not met.

The clinical features of the disorder vary widely be-
tween subtypes and age groups. For instance, the DSM-IV
field trials found inattentive subtype patients were more
likely to be diagnosed at a later age than combined or
hyperactive-impulsive types. The reason for a later diag-
nosis in this particular subgroup of patients is that they B.
simply do not get “noticed” as early as their hyperactive/ C.
impulsive peers. Those with the predominantly inattentive
subtype are often described as “daydreamy” and seem un®
able to listen. Although these patients often fail to finish .
tasks, require frequent redirection, and fall behind aca-
demically, their symptoms are somewhat subtle as opposed
to overt symptoms that command attention.

The manifestations of impulsivity and hyperactivity
found in the other subtypes are much more likely to be
noticed and addressed at an earlier age. Preschoolers with
ADHD often displayexcessivegross motor activity and
may be described as “being driven by a motor.” Excessive
fidgeting and restlessness will evolve from this gross mo-
tor activity as children get older. The physical impulsivity
often seen in the child with ADHD will regress over time,
and verbal impulsivity may become a more predominant
manifestation in adolescence and adulthood. In contrast to
the symptoms of hyperactivity, symptoms of inattention

Either (1) or (2):
(1) Inattention: at least 6 of the following symptoms of
inattention have persisted for at least 6 months to a degree
that is maladaptive and inconsistent with developmental level:
(a) often fails to give close attention to details or makes
careless mistakes in schoolwork, work, or other activities

(b) often has difficulty sustaining attention in tasks or play
activities

(c) often does not seem to listen to what is being said to
him/her

(d) often does not follow through on instructions and fails to
finish schoolwork, chores, or duties in the workplace
(not due to oppositional behavior or failure to understand
instructions)

(e) often has difficulties organizing tasks and activities

(f) often avoids or strongly dislikes tasks (such as schoolwork
or homework) that require sustained mental effort

(g) often loses things necessary for tasks or activities
(eg, school assignments, pencils, books, tools, or toys)

(h) is often easily distracted by extraneous stimuli

(i) is often forgetful in daily activities

(2) Hyperactivity-Impulsivity: at least 6 of the following
symptoms of hyperactivity-impulsivity have persisted for at
least 6 months to a degree that is maladaptive and inconsistent
with developmental levels:

Hyperactivity:

(a) often fidgets with hands or feet or squirms in seat

(b) leaves seat in classroom or in other situations in which
remaining seated is expected

(c) often runs about or climbs excessively in situations
where it is inappropriate (in adolescents or adults, may
be limited to subjective feelings of restlessness)

(d) often has difficulty playing or engaging in leisure activities
quietly

(e) is often “on the go” or acts as if “driven by a motor”

(f). often talks excessively

Impulsivity:

(a) often blurts out answers to questions before the questions
have been completed

(b)often has difficulty waiting in lines or awaiting turn in
games:or group situations

(c) often.interrupts or intrudes on others (eg, butts into
conversations or.games)

Onset of symptoms no-later than age 7 years.

Some impairment from symptoms must be present in 2 or more
settings (eg, at school or work, and at home).

Evidence of clinically significant.distress or impairment in social,
academic, or occupational functioning.

. Symptoms do not occur exclusively during the course of pervasive

developmental disorder, schizophrenia, or other psychotic disorder
and are not better accounted for by mood,-anxiety, dissociative, or
personality disorder.

Subtypes of Attention-Deficit/Hyperactivity Disorder Defined
n DSM-IV

ADHD, Predominantly Inattentive Type:

Criterion A(1) is met but not Criterion A(2) for the.past
6 months.

ADHD, Predominantly Hyperactive-Impulsive Type:

Criterion A(2) is met but not Criterion A(1) for the past
6 months.

ADHD, Combined Type: Both Criteria A(1) and A(2) are met for
the past 6 months.

ADHD, Not Otherwise Specified: There are prominent symptoms
of inattention or hyperactivity-impulsivity that do not meet
criteria above.

ADHD, In Partial Remission: For individuals who currently have
symptoms that no longer meet full criteria.

frequently do not diminish with agé.

aadapted from DSM-I\2 with permission.
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Patient Evaluation . o Table 2. Differential Diagnoses and Comorbidities
AssessmentThe American Academy of Pediatrics Gicenial diagnoses

(AAP) has recently released a Clinical Practice Guide- Mental retardation

line* recommending an evaluation for ADHD in all chil- Advanced development with inappropriate class placement
dren 6 to 12 years of age who present with inattention, fg:rsnem%r ;?Sg't'ji'"ﬁg‘s'ers'ty

hyperactivity, impulsivity, academic underachievement, central auditory processing disorder

or behavioral problems. The diagnosis of ADHD requires ~ Language disorders

a comprehensive clinical assessment including a detailed ﬁﬁgg:ﬁers syndrome

patient history, clinical interview and observation, and a  Mmajor affective disorders, including bipolar disorders
thorough physical examination. Ideally, the process re- Absence seizure disorders

quires seveéral visits if done thoroughly; if limited to one Ciiig?%g’;ﬁgg’ni”t

visit, physicians'should allot at least 1 hour to perform the comorbid conditions

initial assessment.-Child and adolescent patients may be Oppositional defiant disorder

capable of maintaining behavioral control in the office ﬁﬁgf’;fﬁfﬁfg;ﬁgsive disorder

setting and may lack-insight into the impairment resulting  Anxiety disorders

from their symptoms: The parent interview, therefore, is  Mood disorders

the crux of the assessment process. Structured parent in- giig‘éﬂgaﬂ'j?;’:gf:ge delays

terviews and a DSM-IV symptom checklist may be useful Central auditory processing disorder

tools in this regard. Other environmental or psychiatric _ Tourette’s syndrome or chronic tic disorder
causes should be ruled out at this'timebased on the parent

and child interviews.

It is also necessary to obtain and review report cardsillicit drugs also should be documented. An evaluation of
and reports from teachers to determine the patient’s his-vision and hearing is required to determine whether any
tory of behavior, academic progress, and attendance atleficits exist that may mimic the symptoms of ADHD. In
school. Parent and teacher rating scales can be very usefidddition, a neurologic examination should be performed to
in obtaining valuable diagnostic and prognostic informa- rule out a central nervous system insult or progressive neu-
tion. The most commonly used and the best normed.andrologic condition. The neurologic assessment should in-
validated scales include the parent-completed Child Be-clude screening of motor coordination, visual-perceptual
havior Checklist, the Teacher Report Form (TRF) of ‘skills, language skills, and cognitive function. Neurologic
the Child Behavior Checklist, the Conners’ Parent and soft.Signs are not diagnostic for ADHD and can be found
Teacher Rating Scales (the long form), the ADD-H Com- inchildrenwith learning disabilities, psychoses, and autism
prehensive Teacher Rating Scale (ACTeRS), and theaswell as'in children without developmental disorders. No
Barkley Home Situations Questionnaire and School Situ- specific‘laboratory tests are necessary unless specifically
ations QuestionnaireThe AAP guideline suggests rating indicated by the history or findings on the physical exami-
scales as an option, cautioning clinicians not to validate ornation. Medical factors possibly predisposing patients to
refute a diagnosis based solely on these instrunients. ADHD include prematurity; prenatal exposure to cocaine,
ADHD-specific, rather than broadband, scales are morealcohol, and possibly Cigarettes; and fragile X syndrébme.
useful in distinguishing between children with and with- Findings from the routine physical examination in assess-
out ADHD. ments of children with ADHD are usually normal.

Physicians should attempt to assess intellectual ability
since children with below-average ability may be inatten- Differential Diagnoses and Comorbidities
tive or misbehave if class work is too complex or presented A variety of other disorders can masquerade as ADHD
too quickly for them. Similarly, pediatricians should be or coexist with the disorder (Table 2)¥5A eomorbid con-
alert to the possibility of a learning disability or auditory dition exists in up to two thirds of clinically referred chil-
processing disorder since these are common coexistentren with ADHD, including up to 50% for oppositional
conditions and may be contributing to (or masquerading defiant disorder, 30% to 50% for conduct disorder,15% to
as) symptoms of ADHD Symptoms suggestive of a learn- 20% for mood disorders, and 20% to 25% for anxiety dis-
ing disability or auditory processing disorder include a his- orders!’“® Approximately 20% to 30% of children with
tory of language delay, confusion with spatial orientation, ADHD have coexistent learning disabilities in the area
difficulty following directions even when paying attention, of reading, spelling, or mafi-The likelihood of a child’s
and/or family history of a learning disability. having a comorbid condition will be influenced by the age

Medical evaluation A comprehensive physical exami- and sex of the child as well as the ADHD subtype. Addi-
nation should be performed, and height, weight, pulse, andtionally, there are uncommon conditions that have a high
blood pressure should be recorded. A medication history prevalence of comorbid ADHD (i.e., 50% to 60% of pa-
including the use of prescription, over-the-counter, and tients with Tourette’s disorder have ADHL).
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The clinician should attempt to identify potential envi- 2.intensive behavioral treatment only, with parent
ronmental causes of the symptoms suggestive of ADHD. training, classroom behavioral interventions, and
Both abuse (e.g., physical, emotional, sexual) and family full-time summer treatment program
dysfunction can produce symptoms similar to those seen 3. medication management plus behavioral treatment
in true cases of ADHD. A diagnosis of ADHD should not 4. community-based care with assessment by in-
be given if the patient’s symptoms appear to be the result vestigators and referral to community physicians
of environmental influence However, the clinician must (roughly two thirds of this group received medica-
be cognizant of environmental influences that may affect tion prescribed by their chosen physician)
the severity of symptoms exhibited in the child or adoles-
cent with ADHD. In terms of improvements in the core symptoms of

ADHD, the medication management techniques used in
TREATMENT this trial were superior to behavioral treatment as well as

to routine community care. Although routine community

The first component of any treatment plan for ADHD care included medication, the superior response seen in the
should be the dissemination of educational material to thecarefully titrated medication management group speaks to
patients and family. Patients and families should be awarethe importance of after-school dosing for many children,
of national organizations (such as Children and Adults higher dosing, and the need for frequent teacher and par-
with Attention-Deficit/Hyperactivity Disorder (CHADD;  ent communication. The combination of medication and
www.chadd.org) that provide access,to accurate medicaljntensive behavioral treatment resulted in modest im-
legal, and educational information. Parents should be in-provements in terms of positive functioning outcomes and
formed that ADHD is a neurobiological-disorder without non-ADHD symptoms compared with medication alone.
a definitive cause that is often, but.not-always, inherited. However, multimodal therapy did not yield significantly
In addition, the family should be reassured that althoughgreater benefits than medication alone for the core symp-
there is not a cure, effective treatments) are available totoms of ADHD?°

ameliorate the symptoms associated with-the disdtder. Results of several short-term studies suggest that the
addition of psychosocial interventions to stimulant treat-
Psychosocial Interventions ment may allow for the administration of lower, and thus

Treatment for ADHD may include psychosocial inter- potentially safer, doses of stimulaftsThe efficacy of
ventions, pharmacotherapy, or a combination of the 2. Re-psychosocial interventions is contingent on the persis-
sults from a comprehensive review of psychosocial treat-tence;~motivation, and cooperation of teachers and par-
ments for ADHD performed by Pelham and colleaffles ents, and treatment failure with regard to behavioral inter-
indicate that behavioral parent training (e.g., training ventions is-often due to incorrect implementation of these
parents in contingency management, such as “time out’methods* Behavioral modification techniques, however,
and point/token economy reward systems) and behaviorakhould generally“be the initial treatment of choice for
interventions in the classroom may be viewed as well- preschoolers-with ADHD.
established treatments, but that cognitive interventions,
such as self-monitoring, self-reinforcement, and self- Pharmacologic Treatment
evaluation do not meet criteria for empirically supported A 1996 policy statement by the AAP states that phar-
treatments. The psychosocial interventions have signifi- macologic treatment for ADHD. is indicated when the
cant limitations, including the fact that they are labor in- child or adolescent displays attentional signs and symp-
tensive and the effects cannot be generalized to differentoms and related difficulties to a degree that the problems
settings or nontargeted behaviérs. impair the patient’s ability to learn"and/or develop inter-

To investigate the relative merits of these interventions personal relationships. This policy statement also con-
in ADHD treatment, the National Institute of Mental Health tends that drug therapy should not be used as the sole
and Department of Education sponsored the Multimodal treatment for the disorder, but, rather, should be part of an
Treatment Study of Children With ADHD (MTA stud¥). integrated approach including proper classroom’ place-
This multicenter, randomized, controlled trial followed 579 ment, behavior modification, and counselthdgn mild-
children aged 7 to 9 years for a period of 14 months. Chil-to-moderate cases of ADHD, behavior modification ‘at
dren were randomly assigned to 1 of 4 treatment arms: home and school may be attempted prior to initiation of

pharmacologic treatment. In severe cases (e.g., if the im-
1. medication only, with methylphenidate titrated to pulsive behavior places the child at risk), immediate ini-
“best dose” administered 3 times daily (in cases of tiation of medical treatment may be warrantedhe
inadequate response to methylphenidate, dextro-Academy is currently refining detailed Clinical Practice
amphetamine was employed as a second choiceGuidelines for the treatment of ADHD that will soon be
followed by pemoline or imipramine) published.
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Stimulants. Psychostimulants are the medications such as improved concentration and decreased hyperactiv-
most commonly used to treat children and adolescentsity, within 30 minutes, reach their peak effects within 1 to
with ADHD, with U.S. estimates of 2.8% or 1.5 million 3 hours, and have a duration of effect of approximately 3
school-aged children being treated with a stimulant medi- to 5 hours. This short duration of action often necessitates
cation annually:*? Results from a recently published sur- an in-school dosing regimen, leaving patients at risk for
vey of pediatric prescribing practices indicate that stimu- “labeling” and ridicule from their peers. There have also
lants are the most frequently prescribed psychotropic been reports from parents and clinicians of a rebound ef-
agents, with nearly 2 million office visits and 6 million fect when the effects of the dose begin to dissipate in the
drug “mentions” in 1995 (A “mention” occurs when- late afternoon.
ever a particular drug is prescribed, recommended, re- Pemoline is a long-acting stimulant that may be given
filled, or given as a sample.) The efficacy of stimulant once-daily for many children, but its use is limited by the
medications has been demonstrated in all age groupspotential for hepatotoxicity. Sustained-release prepara-
ranging from preschool-aged children to adults, although tions of methylphenidate (designed for 8-hour efficacy)
the vast majority of-data has been obtained from studies ofare available. Clinical experience with these formulations,
school-aged youth¥: however, has found them to be less reliable than multiple

As previously mentioned, much concern has been doses of the immediate-release formulations for some
raised in recent years regarding the dramatic increase inchildren. The sustained-release form of dextroamphet-
stimulant prescribing and; specifically, a concern that amine (Dexedrine Spansule) may produce a more consis-
these medications are being overprescribed or perhapgent resulf. Some research suggests that the continuous
even abused. A recent analysis, heawever, conducted by theate of delivery produced by a sustained-release prepara-
Council on Scientific Affairs of the American Medical As- tion of methylphenidate leads to acute tolerance and, thus,
sociation concluded that, overall, there-is “little evidence decreased efficady. The need for more reliable, once-
of widespread overdiagnosis or misdiagnosis of ADHD or daily dosage forms has led to the recent availability of
of widespread overprescription of methylphenidate by extended-release methylphenidate (Concerta) tablets that
physicians.®*%% Results from a community-based study utilize an osmotic controlled-release delivery system.
conducted as part of the Methods for the Epidemiology of These new formulations are designed to be swallowed
Child and Adolescent Mental Disorders (MECA)-Study- whole and cannot be chewed or crushed.
indicate that appropriate medication treatment for children” . There is an increasing body of evidence documenting
with ADHD may be underutilized in some areas ofthe the efficacy and safety of Adderall in the treatment of
United State$® ADHD->""*?Adderall has a potential benefit compared with

Despite the negative media attention focused on stim- other-short-acting preparations due to its longer duration
ulant medications, these agents are the first-line choiceof action. In‘a 7-week, randomized, double-blind, crossover
for pharmacologic therapy given their established safety study, Swanson.and colleagtlésund that this medication
and efficacy. The volume of literature on the treatment was as effective as methylphenidate for ADHD and that the
of ADHD with stimulant medications is immense. As a duration of-action increased with increasing doses. The
result of the published literature and over 60 years of results of this'study demonstrated the safety and efficacy
clinical experience, more is known about the use of stimu- of Adderall in the treatment of children with ADHD and
lants in children than any other class of drug prescribed tosuggest that the differences in time-response patterns among
the pediatric populatioh.The stimulants most widely the doses may allow physicians.to vary the dose to achieve
used in the United States include Adderall (amphetamineoptimal response as well as adonger duration of action.
mixture containing equal partsamphetamine sulfate, Pelham and colleagu&sgduring a_summer treatment
p,L-amphetamine sulfate,.-amphetamine aspartate, and program, performed a 6-week, double-blind, placebo-
p-amphetamine saccharate), dextroamphetamine, methyl-controlled, crossover study of the efficacy and time course
phenidate, and pemoline. of Adderall (7.5 mg b.i.d. and 12.5 mg b.i.d.) in compar-

1. Pharmacology. It is believed that stimulants, as a ison with Ritalin (10 mg b.i.d. and 17.5 mg b.i.d.) in 25
class, affect central norepinephrine and dopamine path-children with ADHD. Both drugs were superior'to placebo
ways. By enhancing the functioning of executive control, and produced improvements in academic productivity,
increases in dopamine concentrations at the synaptic clefinegative behavior, and staff and parent ratings of behav-
may help to overcome the deficits that children with ior. Adderall produced significantly more improvement’in
ADHD have in impulse control and working memory. nearly all counselor-related measures of behavior. The
Stimulants are rapidly absorbed after oral administration, lower dose of Adderall produced effects that were compa-
exhibit low plasma protein binding, and undergo rapid rable to those of the higher Ritalin dose, indicating a po-
and extensive extracellular and hepatic metabolism. Thetency ratio of approximately 1 to 2. Additionally, Adderall
short-acting, immediate-release formulations of stimu- was favored 3 to 1 over Ritalin for continued medication
lants exhibit their pharmacodynamic effects on behavior, based on clinical staff recommendatichs.
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Clinical studies are currently in-

e Table 3. Pediatric Dosing Recommendations for Immediate-Release Stimulants?
vestigating an extended-release for-

! . Recommended

mulation of Adderall in an effort to Starting Titration Maximum Usual Pediatric
provide a once-daily dosing option Stimulant Dose Rate Daily Dose (mg/d) Dosing Interval (h)
to more patients. Amphetamine 5mg qd to bid 2.5 to 5 mg/wk 40 6 (range_z, 4t0 8)

2. Therapeutic décts. With ap- mu?:gds::gﬁ) (qd or bid)
propriate dosing, Adderall, dextro- Dextroamphetamine 5mg qd to bid 2.5 to 5 mg/wk 40 4 (range, 3.5 to 5)
amphetamine, and methylphenidate (Dgxe?f'”siv ) (bid or tid)

. . extroSta

are efﬂcaqous for the treatment of Methylphenidate 5mg qdto bid 5 to 10 mg/wk 60 4 (range, 3.5 to 5)
ADHD. It is-generally accepted that  (Ritalin) (bid or tid)
at least 70% of patients will respond Pemoline (Cylert)  37.5mggam  18.75 mg/wk 112.5 24 (gam)

to a trial of one“of the major psycho- ®Data from references 54, 68, and 69.

stimulant$* in comparison with rela-

tively low rates of‘response to pla-

cebo, ranging from-3% to 30%.The response rate to erability varies from person to person and, thus, should be
stimulants is even higher if more than one stimulant is titrated to the needs of the individual patiéht.

tried. In a double-blind,” crossover study of 48 male,  When initiating therapy with methylphenidate, it is
school-aged patients comparing methylphenidate, dex-customary to start with a low dose of approximately 5 mg
troamphetamine, and placebo, only-4.2% of the patientstwice daily given in the morning and at noon. The dose is
failed to respond to at least 1 of the 2 stimul&h&imi- titrated on a weekly basis using increments of 5 or 10 mg
larly, Manos et af® reported behavioral benefits from until a satisfactory therapeutic benefit is achieved (or sig-
Adderall in 13 of 15 children who_previously had been nificant adverse effects are manifested). Therapeutic ben-
treated unsuccessfully with methylphenidate. Subtle dif- efit is usually seen at doses ranging from 0.3 to 0.8 mg/
ferences among the available psychostimulants‘'may ackg/dose. Due to the short pharmacodynamic duration
count for variations in efficacy or tolerance among pa- of action of the immediate-release form of methylpheni-
tients. This variability may necessitate a trial-of more than date, it is usually necessary to administer the drug 2 or
one stimulant if response to the first is not satisfadfdfy.” - 3 times daily. Sustained-release (8-hour) or extended-
A positive response to stimulant medication, however, is.release (12-hour) formulations of methylphenidate may be
not diagnostic of the presence of ADHD. Patients with ‘substituted for the immediate-release tablets when the
other psychiatric disorders and even normal subjects maytime-release dose corresponds to the total daily dose of
have a positive response to stimuldts. immediate-release tablets.

Clinically, treatment with a stimulant can be expected Dextroamphetamine may be administered at one half
to result in an immediate, often dramatic, improvement in the dose of methylphenidate because of the approximate
the core symptoms of ADHD (inattention, hyperactivity, 1:2 potency ratio’between the 2 agents. For children 3to 5
and impulsivity). In addition to improvements in the core years of age; the starting dose is 2.5 mg once daily. The
symptoms of ADHD, stimulant treatment may result in di- dose is then‘increased, at a rate of 2.5 mg per week until
minished physical and verbal aggression; improved sociala satisfactory response’is’exhibited. For children aged 6
interactions with peers, teachers, and parents; enhancegears or older, 5 mg once or twice daily is used and ti-
academic productivity and accuracy; and better compli- trated to optimal response(in’' 5-mg weekly increments.
ance. Areas of impairment that have not been shown toSustained-release formulations<may be substituted for
improve during treatment with stimulant medications in- the immediate-release tablets when.the time-release dose
clude reading skills, social skills, learning, long-term aca- corresponds to the total daily dose of immediate-release
demic achievement, and antisocial behavior or arrestirate. tablets.

3. Dosing recommendations. The goal of safe and ef-  Adderall may be initiated in the same manner as dex-
fective pharmacotherapy with stimulant medications is to troamphetamine. However, research by Swanson and col-
find the lowest effective dose that allows for maximal league¥ indicates that increasing the dose of Addetall in-
therapeutic benefits while minimizing adverse effétts. creases the duration of effect. Thus, this medication may
Weight-based dosing regimens are often employed inbe initiated in a single morning dose with dosage in-
clinical trials; however, response to stimulant medications creases every 3 to 5 days. The maximum single dose can
cannot be reliably predicted by body weight, and current be determined by efficacy as well as side effects that may
research does not support weight-dependent dé%Pey- emerge. Depending on the duration of effect achieved, a
diatric dosing guidelines for immediate-release prepara-second daily dose may be added. Recent trials indicate
tions are presented in Tablé*8%%°The clinician treating  that, for some children, a single daily dosing of Adderall
a patient with ADHD must consider that the optimal dose appears to be as effective as twice-daily dosing of methyl-
of any psychostimulant in terms of both efficacy and tol- phenidate®**
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Table 4. Approximate Duration of Effect of Available treated with stimulant8’* This decrease, however, does

Stimulants® not appear to affect the final height attained by young
Generic Name 4 Hour 6to8 Hour  >8 Hour  adults with ADHD treated with stimulants as childrén.
Amphetamine Adderall, Adderall, NA One approach, which has been utilized by some clinicians
mixed salts low dose high dose in an attempt to compensate for the potential for growth
Dextroamphetamine  Dexedrine Dexedrine NA . duri ti lant t t t h b th
DextroStat Spansule suppression during stimulant treatment, has been the use
Methylphenidate Ritalin Ritalin-SR Concerta of “drug holidays” (e.g., weekends or summers without
mz:ﬁdﬁ;e;f treatment). This approach may cause a deterioration in
ylin- . , L .
Pemoline NA NA Cylert some chl!dren S fsunctlonl'ng and, therefore, is not an abso-
?Abbreviations: ER = extended release, NA = not applicable, lute r'eqwremen.{- There is also evidence sugggstlng th_at
SR = sustained release. the differences in growth observed between children with

ADHD and controls may be associated with the disorder
itself, rather than a result of treatment with stimuldhts.

Because of the‘risk of hepatotoxicity, pemoline, al- A potential adverse event that warrants consideration
though it has the ‘advantage of being a longer-acting by physicians is the increased risk of development of tran-
agent, is generally used only in patients who do not re- sient motor or vocal tics during treatment with stimulant
spond to a trial of the other stimulants. It is usually initi- medications. The majority of reported cases of tics result-
ated at a dose of 37.5 mg-administered once daily in theing from stimulant therapy have resolved after discontin-
morning and is titrated in aliquots~of 18.75 mg every uation; however, there are a few cases in which the tics
week until a therapeutic benefit is:achiedéa. did not diminish once the drug was removéth patients

The decision of how many times~pen day and how with preexisting tic disorders, treatment with stimulants
many days per week to administer. medication should be may occasionally cause exacerbation of the disGfder.
individualized to the specific needs-of,the patient based though most cases are transient and it is relatively rare for
on the time course and severity of symptdrsthough a chronic tic disorder to develop (e.g., fewer than 1% of
the duration of effect of stimulant medications/varies children treated with a stimulant), it is recommended that
from patient to patient, approximate times are-provided in physicians inquire as to a personal or family history of
Table 4. After the initial dose titration phase, some chil-- tics or Tourette’s disorder prior to the initiation of a stimu-
dren may be able to achieve adequate benefit from a regi-lant and proceed with caution in the presence of such a
men in which medication is administered only on school ‘histery’* Physicians are urged to weigh the potential im-
days. However, many patients display significant impairy_paitment from tics (or Tourette’s) with the impairment
ments outside the classroom and benefit from medication caused by'the ADHD symptoms when making clinical de-
during weekends and holidays. cisions regarding pharmacotherapy in these cases.

4. Adverse events. There is essentially no difference  Hepatotoxicity is a rare adverse event associated with
among the stimulants in terms of the frequency or severity long-term’ pemoline treatment. There have been several
of adverse events; however, the severity of side effectscases of elevated liver enzymes reported in the literature,
among the various stimulants may differ in individual pa- including a handful‘of .cases of fatal hepatic fail(fvas a
tients? Thus, as in the case of an unsatisfactory responseyesult of the risk for. hepatic injury, pemoline should not
patients who are intolerant of one of the stimulants may be considered as”a firstline therapy for children with
tolerate another stimulant without any significant prob- ADHD. Monitoring of liver enzymes is recommended ev-
lems. All of the available agents share a similar adverseery 2 weeks; however, the onset of hepatitis is unpredict-
event profile, with the most frequently cited side effects able. It is imperative, therefore, to educate the patient and
including decreased appetite, headache, irritability, insom- family to report if the child experiences nausea, vomiting,
nia, and stomachacli€These effects appear shortly after or malaise, appears jaundiced, or if abdominal discomfort
initiation of the medication trial, are mild in nature, and persists for greater than 2 weéks.
may be diminished with careful dose titratf8The fre- An understandable concern for parents of children and
guency of some side effects reported during stimulant adolescents treated for ADHD is the potential-for abuse or
treatment such as staring and daydreaming, irritability, dependence with stimulant medications. Methylpheni-
anxiety, and nail biting have been shown to decrease withdate, dextroamphetamine, and Adderall are Schedule Il
continued treatmerit.Severe adverse events occur only in drugs and, thus, are regarded as drugs associated® with
a minority of patients. considerable potential for abuse. Pemoline is a Schedule

The possibility of growth suppression in children 1V drug and is not associated with as high a potential for
treated with psychostimulants is an area of concern toabuse; as mentioned above, however, its use is limited by
both parents and physicians treating children with ADHD. the potential for hepatotoxicity. Prudence necessitates
Small, but statistically significant, decreases in growth special consideration and careful monitoring in the treat-
have been observed in children with ADHD who are ment of adolescents with stimulants. Despite this caution,
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there are no reports of individual cases of drug addiction tion, weight gain, constipation), cardiotoxicity, and neu-
or serious dependence with these medicattpmer is rologic effects (e.g., lowering of seizure threshold) further
there evidence that stimulant use increases the incidencdimit patient acceptance and tolerance of these agents.
of later substance abuse. On the contrary, there is evi- Other antidepressants also have been studied for
dence indicating that treating ADHD with stimulants may the treatment of ADHD. Monoamine oxidase inhibitors
prevent later substance abuse. (MAOIs), specifically tranylcypromine and clorgyline,
Nonstimulant medicationsAlthough stimulants are  have been shown to be effective in the treatment of
effective in the majority of patients, there is a percentage ADHD. Due to the dietary restrictions and risks with
of patients who fail to respond to or are intolerant of these these medications, however, MAOIs are rarely used clini-
medications. Although none of these nonstimulant medi- cally and are generally not recommended for treatment of
cations are approved by the U.S. Food and Drug Adminis- children with ADHD?®* Selective serotonin reuptake in-
tration (FDA) to treat ADHD, the most studied medica- hibitors (SSRIs) have not been extensively studied in pa-
tions in the treatment of ADHD—antidepressants anpd  tients with ADHD. An open-label trial with fluoxetine
agonists—are discussed. Other classes of drugs that havelisplayed positive resulf& but the lack of controlled data
been used to treat ADHD include neuroleptics and anti- necessitates that the role of SSRIs in treating ADHD be
convulsants. considered preliminary at mo$tSSRIs may be useful as
1. Antidepressants. The/most well-established medica- an adjunctive medication for patients with ADHD and co-
tions for the treatment of children with ADHD in this morbid major depressive disord®r.
class are the tricyclic antidepressants (TCAs). These The most promising data in the management of ADHD
agents have putative inhibitory effecis on the reuptake of with newer antidepressants are with bupropion. There are
selective neurotransmitters, specifically jnorepinephrine a number of open and controlled studies documenting its
and serotonin. The undesirable effects-of the TCAs result efficacy in both children and adults with ADHD Bu-
from their effects on various other neurotransmitter sys- propion is usually well tolerated; however, it may lower
tems such as the histaminic, cholinergicadrenergic, the seizure threshold at higher dose ranges or in patients
and serotonergic systeffsSTCAs that have been the most  with eating disorder$There also have been reports of ex-
extensively studied in the treatment of ADHD-include, acerbation of tics with bupropion treatméhGenerally,
desipramine, imipramine, and nortriptyline. however, its side effect profile is better than that of stimu-
TCAs are considered second-line agents in the_treat-lants and TCAs. It may prove to be a useful alternative for
ment of ADHD, used predominantly for children who(do ‘the treatment of ADHD, but the reports thus far have in-
not have a satisfactory response to the stimulant class’ ofvolved-only a small number of patients. Further research
medications or for whom stimulants may be contraindi- is*warranted to determine the appropriate role of bupro-
cated. The available literature indicates that TCAs are ef- pion’in the-treatment of ADHE
fective in controlling the behavioral symptoms of ADHD, 2.0,Agonists. Lack of response or intolerance to first-
but TCAs do not appear to be as effective as the stimu-and second-line“agents may lead physicians to seek
lants in improving attention and concentration in children nonstimulant;. nonantidepressant alternatigg#\gonists
with ADHD.®® The TCAs may prove to be of benefit, such as clonidineé and guanfacine have been evaluated in
however, in patients with comorbid depression or anxiety patients with ADHD.“Studies with clonidine have de-
or in patients with pre-existing tic or Tourette’s disorders. scribed beneficial effects on.symptoms of aggression, im-
Other potential benefits of the TCAs compared with pulsivity, overarousal, and hyperactivity; fewer benefits
stimulants include a longer half-life, thus reducing the are reported for effects on attention and concentration.
necessity for in-school dosing; fewer disturbances in Common treatment-emergent side effects include drowsi-
sleep, appetite, and growth patterns; and a minimal risk of ness, dizziness, and sedation. Feelings of dysphoria and
abuse’® irritability may occur with clonidine treatment. Slower
The largest concern with the use of TCAs in the pediat- dose titration or dose reduction may help to ameliorate
ric population is that of safety. Sudden, unexplained some of these effect$Although controversial, the com-
deaths have been reported following the use of desipra-bination of clonidine and methylphenidate has been stud-
mine®#Although the exact mechanism underlying these ied in open-label trials and used in clinical practicé when
deaths is not clear, it is recommended that an electrocar-only a partial therapeutic response is achieved with stimu-
diogram be obtained at baseline and at steady-state leveltants or the stimulant dose is limited by side effétts.
once they are achieved. Routine monitoring of plasma Rare cases of sudden death and cardiac adverse events
levels is also prudent. The risk of fatality following over- have been reported with this combination; however, a
dose is another substantial safety concern, with mortality causal relationship has not been established.
rates up to 1% following desipramine overdés& major Case reports have described beneficial effects of clo-
drawback with all TCAs is the incidence of adverse nidine in the treatment of sleep disturbances in patients
events. Anticholinergic side effects (e.g., dry mouth, seda- with ADHD, both with and without psychostimulant
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treatmenf® Results of a retrospective chart review by Drug names:bupropion (Wellbutrin and others), clonidine (Catapres

Prince and colleagu&ssuggest clonidine may be an ef-

and others), desipramine (Norpramin and others), dextroamphetamine
(Dexedrine and others), fluoxetine (Prozac), guanfacine (Tenex and

fective treatment for sleep disturbances associated withothers), methylphenidate (Ritalin, Concerta, and others), nortriptyline

ADHD.

Guanfacine is anothar, agonist that has been eval-
uated for potential use in ADHD, although not as exten-
sively as clonidine. Advantages compared with clonidine
include a longer duration of action and decreased sedative -
side effects. Open-label studies are promiSitighow-
ever, currently there are no controlled trials in the litera-
ture evaluating its efficacy in ADHD.

2.

3.
Other Treatments

There are a variety, of alternative management strate- 4
gies that have been'touted by their proponents as effective
for the treatment of ADHD without adequate evidence to
support such claims. Treatments for ADHD including
megavitamin therapy, dietaryrestrictions, herbal remedies,
mineral or amino acid supplementation, and chelating
agents have proven ineffective in _controlled clinical tri-
als® Electroencephalogram (EEG) biofeedback training
remains quite controversial; although several poorly con-
trolled studies have demonstrated benefits of\EEG bio-
feedback?!®there are many reasons to‘question‘its effi-
cacy. An extensive review of alternative-treatments for
ADHD has been published elsewh&&everal psycho-
social interventions also have not been proved efficacious
in ADHD, including cognitive treatments (e.g., problem-
solving strategies and self-monitoring training), modeling,
individual counseling, and play theraffy/® 10

5.

6.

9.

CONCLUSION n

ADHD is a chronic, neurodevelopmental disorder af-
fecting children, adolescents, and—it is becoming in- 12-
creasingly evident—adults. Although not conclusively de-
termined, it appears to be caused by a combination of13.
neurobiological and genetic factors. The diagnosis is
made on the basis of a detailed patient history, with reports, 4
from both parents and teachers a necessity for a compre-
hensive evaluation. A variety of other disorders can co-
exist or masquerade as ADHD; physicians must consider
the numerous potential differential diagnoses and comor-
bidities when performing the initial assessment of a pa- 16-
tient with symptoms of ADHD. Stimulant medications
(methylphenidate and amphetamine preparations), despitet7.
controversy in recent years, remain first-line therapy in
the treatment of ADHD. Overdiagnosis of ADHD and in-
appropriate prescription of stimulants continue to be a
concern; however, nontreatment of ADHD may be associ- 19
ated with low self-esteem, social and academic failure, as,
well as an increased risk of later antisocial behavior and
drug abuse. Accurate diagnosis and optimal managemeng!-
of this disorder may be the keys to improving long-term 5,
outcomes of youth with this disorder.
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(Pamelor and others), pemoline (Cylert), tranylcypromine (Parnate).
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