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Abstract Despite a large body of evidence for both the validity of the diagnosis of

attention deficit hyperactivity disorder (ADHD) and the efficacy of its treatment
with medication, there is an equally long history of controversy. This article
focuses on presenting safety information for medications approved by the US
FDA for the treatment of individuals with ADHD.

Stimulant medications are generally safe and effective. The common adverse
effects of stimulant medications, including appetite suppression and insomnia, are
usually of mild severity and manageable without stopping the medication. The
more severe adverse effects such as tics or bizarre behaviours occur with low
frequency and usually resolve when the medication is stopped. The possible
impact on growth requires careful monitoring. Several rare but potentially severe
adverse effects including sudden cardiac death and cancer following long-term
treatment have been reported; however, these effects have not been adequately
demonstrated to be of significant concern at this time. Atomoxetine also has a
mild adverse effect profile in terms of severity and frequency although the
numbers of studies and years of clinical experience is considerably less with this
drug than for the stimulant medications.

When the risks are juxtaposed to the clear efficacy in significantly reducing
dysfunctional symptoms of ADHD, benefit-risk analyses support the continued
use of these pharmacological treatments for patients with ADHD.
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Despite the large body of evidence for both the
validity of the diagnosis of attention deficit hyperac-
tivity disorder (ADHD) and the efficacy of its treat-
ment with medication, an equally long history of
controversy exists.l!! Interestingly, the first report
about the benefits of stimulant medication published
by Bradley in 1937?! actually predates the definition
of the disorder. Bradley noted the beneficial effect
of amfetamine on the behaviour of children hospital-
ised for disturbed behaviour when it was used to
treat the headaches they developed after having
pneumoencephalograms performed for diagnostic
purposes. Bradley’s work was not well recognised
until the 1950s when clinicians rediscovered his
results and began treating children with dex-
troamfetamine for what was then known as minimal
brain damage.®! Methylphenidate was later ap-
proved for commercial use in 1957. Early studies
were some of the first examples of randomised
controlled studies in children to determine effica-
cy. By 1977, 62 double-blind, placebo-controlled
studies had been reported in the literature.™ Since
that time, the number of controlled studies has in-
creased dramatically so that a review in 1998, using
rigorous research criteria and only including studies
reported from 1981 forward, found 123 studies®
and by 1993 a ‘review of reviews’ reported on over
3000 citations and 250 reviews.” A more recent
meta-analytic review was completed in 2001 and
supported the previous findings that stimulant medi-
cation is efficacious in treating children with
ADHD.®

Although the initial interest was in dex-
troamfetamine, the adverse publicity from the use of
the drug as a treatment for weight reduction and its
addictive properties when used in that context di-
minished its popularity about the time that
methylphenidate became commercially available
and known to clinicians. A longer acting stimulant
medication, pemoline, was approved in 1975; how-
ever, it was recently taken off the market because of
its uncommon but severe liver toxicity./! The only
other US FDA medication approved for use in pa-
tients with ADHD is the selective noradrenaline
(norepinephrine) reuptake inhibitor atomoxetine,
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which was approved in 2003. Five randomised con-
trol trials have demonstrated its efficacy and adverse
effects.[10-14

Applications for FDA regulatory approval of oth-
er medications, such as a-adrenoceptor agonists and
bupropion, have not been sought and have more
limited evidence of efficacy for treating the core
symptoms of ADHD.!S Furthermore, although 18
studies!!®! exist demonstrating the efficacy of the
tricyclic antidepressants, approval for their use in
ADHD has not been sought. The existence of severe
adverse events, such as sudden cardiac death from a
prolongation of the PR interval combined with a
narrow margin of safety, has limited interest in
treatments with these medications.'”l Modafinil is
not approved for use in ADHD, and an application
for approval was denied by the FDA because of a
concern about a higher rate of occurrence of Ste-
vens-Johnson syndrome. Thus, the remainder of this
article will focus on presenting the safety informa-
tion only for those drugs that have been FDA ap-
proved for the treatment of patients with ADHD.

1. Consideration of Safety

In considering the safety of medications, six is-
sues should be kept in mind: (1) severity; (2) dura-
tion; (3) frequency; (4) timing; (5) margin of safety;
and (6) benefit-risk ratio.

1. Severity can range from life threatening and fatal
adverse events to mild adverse events that primarily
cause discomfort and annoyance but do not pose any
serious risk.

2. The duration of the adverse event is a second
consideration and the extent to which the effects are
permanent is a prime consideration.

3. Frequency refers to how many patients taking the
medication report an adverse event. Although ad-
verse effects may be only mild or annoying, if they
occur in a large enough percentage of the patients
taking the medication, they can make the medication
less desirable.

4. Timing refers to when the adverse event occurs
within the period of usage (e.g. an adverse event
may occur at the onset of therapy or only at a much
later time after years of treatment).
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5. The margin of safety refers to the adverse events
that occur when doses over the therapeutic range are
taken accidentally or intentionally.

6. The benefit-risk ratio is the decision about initiat-
ing and maintaining treatment where one must bal-
ance the severity of the condition, particularly the
extent of dysfunction it creates and the efficacy of
the medication, against the severity of the adverse
effects and the chance of adverse effects occurring.

To examine the adverse effects of stimulant
medications, we used Ovid to search the literature
from 1966 to June 2006 for mention of stimulant
medications, adverse effects and side effects. The
search identified 155 publications, of which 25%
were considered pertinent (i.e. those articles that
reported adverse events for specific medications or
groups of medications and were either studies or
reviews of studies). The reported adverse effects for
the stimulant medications can be grouped according
to those that have been identified during short-term,
randomised, controlled studies, '8! those identified
in studies that have examined adverse effects in
children over more extended periods of time!!%-2?)
and several more recently identified possible ad-
verse effects, such as sudden cardiac death!?’ and
precancerous cytogenetic changes.*!

The most common adverse effects identified in
short-term studies include appetite suppression, de-
creases in growth, headaches/stomachaches,
changes in blood pressure and pulse, changes in
sleep, increases in tics, cognitive effects, rebound
phenomenon and psychotic behaviours. These find-
ings have been summarised best in several systemat-
ic reviews.!!325] The adverse effects identified in
longitudinal studies provides further clarification of
the effects over time. Lastly, those adverse effects
more recently reported, sudden cardiac deaths and
cancer risks, will be presented in more detail but
have limited evidence. A summary of the adverse
effects for stimulant medications is presented in
table 1.

2. Methylphenidate

Methylphenidate is a piperidine derivative that is
structurally and pharmacologically similar to dex-
troamfetamine. In the US, the use of methylpheni-
date has increased each year since Safer and Krag-
er?l began monitoring the number of prescriptions
written in 1971, with the exception of the years
1987-1990 when there was an active campaign to
discredit stimulant medications in the treatment of
children.?”! From 1990 to 1995, there was a marked
increase in the use of stimulant medications. The
increase was estimated to be from 2.5-fold?® to
6-fold.”! This change is mostly attributable to an
increased use of methylphenidate in the treatment of
older children, adolescents and adults with
ADHD.B%

Within the past 5 years, a number of new formu-
lations that allow methylphenidate to be released
over an extended time have been developed. Most
use a micro-bead technology and usually last ap-
proximately 8 hours (Metadate CD® B! Ritalin
LA®B2 and Focalin XR®B33),1 An osmotic pump
system is used in one formulation and lasts about 12
hours (Concerta®).3¥ An older preparation using a
wax matrix design (Ritalin SR®) does not work as
well, only lasting about 6-8 hours on average and
having a slower onset.[®3 All of the formulations use
a racemic form of methylphenidate with the excep-
tion of dex-methylphenidate (Focalin®)B¢) and its
extended release form (Focalin XR®).[33 Most re-
cently, a transdermal patch (Daytrana™) has also
been approved.’”) In all of the orally administered
formulations of racemic methylphenidate, the levo
isomer is rapidly metabolised in its first pass
through the liver so that it is essentially an inactive
component. The transdermal formulation initially
bypasses the liver so that it has some delay until the
levo-isomer is metabolised.?8! However, the initial
profiles of beneficial and adverse effects of the
system have been similar to the oral formulations of
methylphenidate.¥ The safety and efficacy of all of
the extended release formulations have been con-

1 The use of trade names is for product identification purposes only and does not imply endorsement.
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Table I. Drug reactions and contraindications

Common
adverse effects

Generic? and brand names

Less common Contraindications

adverse effects

Methylphenidate
Concerta®
Metadate ER®
Metadate CD®
Ritalin®

Ritalin SR®
Ritalin LA®
Focalin®

Focalin XR®
Daytrana™

Decreased appetite
Sleep problems
Headaches
Irritability/nervousness

Mixed salts of amfetamine
Adderall®
Adderall XR®

Same as for methylphenidate

Dextroamfetamine Same as for methylphenidate

Dexedrine®

DextroStat®

Atomoxetine Decreased appetite

Strattera® Somnolence
Nausea

Abdominal pain

Gastrointestinal: nausea;
abdominal discomfort; weight

MAOQ inhibitors within 14 days
Glaucoma

loss Concerta®: pre-existing severe
Increased heart rate and blood  gastrointestinal narrowing
pressure Metadate ER®: caution should be
Dizziness used when prescribing

Stuttering concomitantly with

Growth suppression
Extensive bruising

Muscle damage
Dyskinesia

Behavioural rebound
Hallucinations/mania
Exacerbation of tics and
Tourette’s syndrome (rare)

anticoagulants, antiepileptic
drugs, phenylbutazone and
tricyclic antidepressants

Same as for methylphenidate Symptomatic or history of
cardiovascular disease
Hyperthyroidism
Moderate-to-severe hypertension
MAOQ inhibitors within 14 days

Glaucoma
Same as for methylphenidate Same as for mixed amfetamine
salts
Mood swings MAO inhibitors within 14 days
Dyspepsia Narrow angle glaucoma

Rare hepatotoxicity
Increased suicidal ideation

a Generic name is given in bold.
MAO = monoamine oxidase.

sistently similar to immediate release methylpheni-
date so that they can be described as a group.

Methylphenidate has well proven short-term effi-
cacy for the treatment of ADHD as noted previous-
ly. There have been >170 short-term, randomised,
control trials of stimulant medications (mostly
methylphenidate) involving >5000 mostly male, el-
ementary school children (aged 5-12 years).!'8
Short-term improvements have been demonstrated
in the core symptoms of inattention, hyperactivity
and impulsivity. In many cases, the medications
have also led to improved relationships with peers
and parents, and better control over conduct and
aggression. The studies over the years have been
synthesised in four formal meta-analyses!®3°#!l and
one review of reviews.[”l These all support the effi-
cacy of methylphenidate, at least in the short-term,
in reducing core symptoms of ADHD, as well as
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improving function in a number of domains such as
peer relationships and academic performance. The
most powerful effects!® have been found on mea-
sures of observable social and classroom behaviours
with effect sizes (extent of change divided by the
standard deviation) ranging from 0.63 to 0.85 (aver-
age 0.81) and measures of attention, distractibility
and impulsivity ranging from 0.75 to 0.84 (average
0.78). However, the effects on intelligence and
achievement tests are more modest, ranging from
0.19 to 0.47 (average 0.34). More recently, the US
National Institute of Mental Health-sponsored MTA
(Multimodality Treatment of ADHD) study has doc-
umented long-term benefits for at least 24
months.[?>#1 The researchers in the MTA study
have continued to follow the children to 60 months
but the results have yet to be published.

Drug Safety 2007; 30 (1)
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The common adverse effects of methylphenidate
have been well defined, are generally mild, mainly
occur early after the onset of treatment and demon-
strate that the drug has a wide margin of safety.[**!
The most common adverse effects of methylpheni-
date that show a differential in frequency from those
found in placebo are decreased appetite and sleep
disturbance.®!825 Headaches and stomachaches al-
so occur but in some studies occurred as frequently
in children receiving placebo.®?! Anxiety, dizzi-
ness and drowsiness occur less frequently. In addi-
tion, jitteriness, irritability and proneness to crying
or whining are reported when the medication is
wearing off.[4

Mild increases in pulse or blood pressure can
occur, but are rarely clinically significant, particu-
larly in children.!®!825] One summary found that half
of the studies showed an increase compared with the
placebo group.!” The changes in blood pressure
may be of more concern in adults where hyperten-
sion is a more common issue. The presence of a
history of hypertension should be elicited when con-
sidering the benefit-risk profile of stimulant medica-
tions.

Rare occurrences include psychotic symptoms
and sensitivity reactions.!®!1323 These effects usually
require terminating the medication. A negative ef-
fect of ‘cognitive toxicity’ where over-focusing may
impair cognition can occur when the dose is too high
or a patient is more prone.*! Lowering the dose can
usually manage this adverse effect.[*]

The effects of the medications on growth still
require further clarification. Eleven of the 22 studies
examining growth effects found an attenuation of
growth in children being treated with stimulant
medications; two of the 11 studies showed rebound
growth when the medication was stopped.*%! How-
ever, the other studies that did not find the growth
suppression effects, suffered from weaker experi-
mental designs such as inadequate power or lack of
controls.[*® The MTA study,“?! the most recent and
systematic examination of the growth effects, found
an attenuation of growth for at least 24 months,
which was strongest in those who remained on med-
ication for the whole time. However, the children in
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this study started off above average as a group. It
appears that continuous treatment with stimulant
medications does attenuate growth, but the long-
term clinical significance of the decline is not yet
clear. This certainly supports the importance of the
need for clinicians to closely monitor the growth of
the patients they treat with stimulant medications.

The concerns about abuse potential are discussed
subsequently. Drug interactions are rare, but there
has been an isolated report of methylphenidate in-
creasing the blood level of ciclosporin.!*”! A concern
has been raised about the combination of
methylphenidate and clonidine causing sudden
death by cardiac arrhythmia, but a clear association
could not be established and there are differences of
opinion as to whether the association exists.[*®)

Tics may occur or be increased in some of the
patients treated with methylphenidate. In a study of
children ~with Tourette’s  disorder,*!  both
amfetamine and methylphenidate significantly in-
creased the tics only in high doses, and with
methylphenidate use were observed to diminished
over time. If tics significantly worsen an individu-
al’s functional abilities, that patient may need to
discontinue the medication. However, many patients
find it possible to continue treatment for their
ADHD because the improvement in their function
related to their ADHD is considerably greater than
the discomfort caused by the increase in tics.

In the initial studies of methylphenidate under-
taken to gain FDA approval, it was found that treat-
ment with methylphenidate lowered the seizure
threshold in patients with epilepsy. However find-
ings subsequent to the approval have not found an
increase in seizures in patients with epilepsy who
are treated with methylphenidate and whose
seizures are under control.’%311 However, it is im-
portant to note that almost all of the studies regard-
ing treatment of individuals with ADHD exclude
patients who have seizure disorders, so that the
information available is very limited.

Several studies have reported the long-term ob-
servation of children being treated with stimulant
medications.?%2!521 The effects of decreased appe-
tite and sleep disturbance continue to be the most

Drug Safety 2007; 30 (1)
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common adverse events. These effects have persist-
ed in many of those children who initially manifest
them, but they usually are tolerable for most of the
children.

Two concerns have been raised recently about
possible adverse effects of methylphenidate occur-
ring with long-term treatment. Since the treatments
for individuals with ADHD are symptomatic and not
curative, it is likely that many patients will remain
on the medications long-term. However, the amount
of objective information available about long-term
effects is very limited. The first has to do with
cancer risk. A recent study found that in 12 of 18
children with ADHD who were methylphenidate-
treatment naive at baseline and who had completed
the study, there was a significant increase in the
number of white blood cell chromosomal aberra-
tions after treatment with methylphenidate for 3
months.?*! Previously, two studies of chromosomal
aberrations in rodents receiving methylphenidate
did not find genotoxic effects,”*** and the only
other study of cancer risk in humans did not find an
increased cancer rate in patients receiving
methylphenidate.>>! Before the risk of cancer can be
fully determined, previous findings need to be repli-
cated in a larger sample with better methods of long-
term surveillance.

A second recent concern is about the possibility
of sudden cardiac death in patients receiving
methylphenidate. An analysis of postmarketing re-
ports of adverse events from 1999 to 2003, reported
eight cases of sudden cardiac deaths (seven children
and one adult).””’) Among the patients who died,
cardiac malformations were found in two and a
history of syncope in one patient. Three of the
individuals were on concomitant medications. An
additional 19 patients (eight children and 11 adults)
had nonfatal events, including palpitations/arrhyth-
mias in eight, syncope in three, stroke in two and QT
prolongation in one patient. Eleven of the individu-
als were taking concomitant medications.

The results are difficult to interpret without com-
paring them to the expected rate of sudden cardiac
death in the population. The instances of sudden
death in young persons range from 1.3 to 8.5 per
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100 000 patient years.’® Given the large number of
patients taking products with methylphenidate, it is
not possible to ascertain at this time if the rate of
sudden deaths or severe adverse reactions is more
than should be expected in the general population.
The reported cases would suggest it is not, but the
system is likely to under-report the number of cases.
For these reasons, physicians are encouraged to
obtain careful histories and physical exams to identi-
fy patients with significant cardiac disease or who
have a significant family history of cardiac disease,
particularly arrhythmias, and to use methylpheni-
date cautiously in those patients. If there is an in-
creased risk, it is likely to be low.

Methylphenidate products now carry warnings
about sudden death in patients with structural cardi-
ac anomalies, long-term growth suppression, psy-
chosis, mania, aggression, use in severe depression
and normal fatigue, patients with hypertension, oth-
er cardiac disorders, visual disturbance and, as noted
previously, in individuals with seizure disorders.”!
The methylphenidate transdermal patch (Day-
trana™) also carries a warning about contact derma-
titis and osmotically controlled-released oral system
(OROS™) methylphenidate carries a warning about
potential gastric obstruction. It is only indicated for
children aged =6 years, although a recent multisite
study showed its efficacy and safety in preschool-
aged children.® There is also a boxed warning
about its use in individuals with drug dependence or
alcoholism. Methylphenidate is classed as a con-
trolled substance (class II in the FDA system) be-
cause of its potential to be abused.

3. Amfetamines

Amfetamine is the other stimulant medication
commonly used to treat individuals with ADHD. It
is a sympathomimetic amine. Both the dextro- and
levo isomers are active and although both were
studied in the 1970s,5°! the dextro-form became the
dominant isomer in use. In the 1990s, a compound
of mixed amfetamine salts, that consisted of a fixed
combination of equal amounts of dextroamfetamine
saccharate, dextroamfetamine sulfate, racemic
amfetamine aspartate monohydrate and racemic
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amfetamine sulfate was marketed and is now the
predominant amfetamine prescribed to treat patients
with ADHD. It is also available in an extended
release form.

Amfetamines have a similar profile of efficacy
and adverse effects to methylphenidate.[®*! They
have a slightly longer half-life with the levo isomer
lasting longer than the dextro isomer.[®!! The treat-
ment effects profile is very similar to that of
methylphenidate. There are differential responses to
amfetamines and methylphenidate on an individual
basis so that 38% respond to either medication, 35%
respond to amfetamine only and 26% respond to
methylphenidate only.[%?!

The safety profile is also similar between
methylphenidate and amfetamines. However, a
comparison study of both medications found that
dextroamfetamine caused more severe insomnia, ir-
ritability, proneness to crying, anxiousness, sadness
and nightmares, but caused less severe appetite sup-
pression.!%3] Rare occurrences include psychotic
symptoms and sensitivity reactions. As in
methylphenidate, ‘cognitive toxicity’ can also oc-
cur.®! Lowering the dose can usually manage this
adverse effect. The effects on growth are similar to
those for methylphenidate.””! Although dex-
troamfetamine was found to have a more sustained
effect on increasing tic formation in patients with
co-morbid Tourette’s disorder than methylpheni-
date,*! it was not found to reduce the seizure
threshold.!”!

The concern about the possibility of sudden car-
diac death risk for patients taking stimulant medica-
tions actually first started because of cases reported
about mixed amfetamine salts. An analysis of
postmarketing reports of adverse events,>*! from
1999 to 2003 for amfetamines reported 14 cases of
sudden cardiac death (12 children and 2 adults).
Hypertension was present in three, cardiac malfor-
mations in two, cardiac hypertrophy in one,
dysrhythmia in one, coronary artery disease in one, a
history of a heart murmur in one and a maternal
history of arrhythmia in one. Six individuals were
taking concomitant medications. An additional 35
patients (18 children and 17 adults) had non-fatal
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events including arrhythmias in eleven, increase
blood pressure/hypertension in nine, dyspnea in
seven, myocardial infarction in six, stroke in four,
syncope in three, left ventricular hypertrophy in one
and sub-arachnoid haemorrhage in one patient.
Three patients were taking concomitant medica-
tions. As with methylphenidate, it is difficult to
interpret the results given the large number of pa-
tients taking products with amfetamine. It is not yet
possible to ascertain if the rate of sudden deaths or
severe adverse reactions is more than should be
expected in the general population. The reported
cases would suggest it is not, but the system is likely
to under report the number of cases. For these rea-
sons, as with methylphenidate, physicians are en-
couraged to obtained careful histories and physical
examinations to identify patients with significant
cardiac disease or a significant family history of
cardiac disease, particularly arrhythmias, and to use
amfetamines cautiously in those patients.

Mixed amfetamine salts (Adderall®) now carry
warnings about sudden death in patients with struc-
tural cardiac anomalies, long-term growth suppres-
sion, psychosis, mania, aggression, seizure, blurred
vision and use in nursing mothers.’”! Although no
age restriction is placed, FDA labelling does not
recommend its use for children <3 years of age.
However, the age restrictions for both methylpheni-
date and amfetamines reflect more on when they
were initially approved for use than they do on
specific evidence for their use or adverse effects in
young children. Amfetamines have the potential to
be misused and are considered to be a controlled
substance (class II in the FDA system). The product
information sheet of these drugs carry boxed warn-
ing about their high potential for abuse.

4. Atomoxetine

Atomoxetine (Strattera®) is the levo isomer of
the ortho-methylphenoxy analog of nisoxetine,®*
and it provides selective inhibition of presynaptic
noradrenaline uptake. It has demonstrated efficacy
over placebo in five, multi-site, randomised control
studies.l'%!4] The adverse events that occurred more
frequently than in placebo included decreased appe-

Drug Safety 2007; 30 (1)
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tite (14%), vomiting (12%) and dizziness (6%).[6>!
Slight increases in blood pressure also occurred.
Rare events from postmarketing surveillance have
been two cases of hepatotoxicity that resolved with
stopping the medication and one of these cases is
now thought not to be related to the medication.”!
Although liver function tests are not recommended
for monitoring, patients should be encouraged to
inform their physicians about symptoms suggesting
hepatotoxicity such as jaundice or a flu-like illness.
Seven cases of suicidal ideation occurred in adoles-
cents on re-reviewing study data.’’! No cases result-
ed in suicide or suicide attempts, but physicians and
parents are encouraged to monitor children closely
for these manifestations. Atomoxetine carries warn-
ings about suicidal ideation, severe liver injury, psy-
chosis, mania, aggressive behaviours and priap-

ism.7

Table Il. Adverse effects and possible strategies for management

Decreased appetite

administer after meals

change diet

use drug holidays
Sleep problems

eliminate afternoon dose

reduce/sculpt dose in afternoon
Headaches/stomachaches/irritability/dysphoria

decrease dose

try another stimulant medication or atomoxetine
Behavioral rebound

decrease afternoon dose

try sustained-release stimulant medication
Growth suppression

monitor height and weight

lower dose

use drug holidays
Tics

observe

reduce dose

try atomoxetine

try another stimulant
Psychosis/euphoria/mania

stop treatment with stimulants

© 2007 Adis Data Information BV. All rights reserved.

5. Conclusions

In summary, stimulant medications are relatively
safe and effective interventions. For the more com-
mon adverse effects of the medications, the steps
that can be taken to reduce the impact are listed in
table II. Their common adverse effects of appetite
suppression and insomnia are usually mild and man-
ageable without stopping the medication. The more
severe adverse effects of tics or bizarre behaviours
are less common and resolve when the medication is
stopped. Several rare but potentially severe and
long-term effects, such as sudden cardiac death or
cancer, have been raised, although they have yet to
be demonstrated as significant concerns. Atomoxe-
tine also has a mild profile of adverse effects, al-
though the numbers of studies and years of clinical
experience is considerably less than that for the
stimulant medications.

Substance abuse can occur with either
amfetamines or methylphenidate. There is no abuse
potential with atomoxetine. Abuse is not usually a
problem for patients with ADHD who are receiving
therapeutic doses of a stimulant medication for its
therapeutic effects. Findings suggest that treatment
with stimulant medications may actually reduce the
risk of substance abuse in individuals with ADHD
although the studies are methodologically weak.[56!
The greater risk is for diversion of the medication
for recreation or performance enhancement pur-
poses by care takers or, in the case of patients who
are in high school or college, their co-students.
Growing concern about increasing misuse of stimu-
lant medications on college campuses exists.[®”]
Most of the reported abuse has been with the imme-
diate release preparations, although the medication
can be extracted from the extended-release prepara-
tions but with more difficulty.

When the risks are placed in juxtaposition to the
clear efficacy in significantly reducing dysfunction-
al symptoms of ADHD, the benefit-risk analysis
remains one that is favourable for the pharmacologic
treatment of patients with ADHD.

Drug Safety 2007; 30 (1)



Treatment of ADHD in Children and Adolescents

25

Acknowledgements

No sources of funding were used in the preparation of this
review. Laura McGuinn and Melissa Doffing have no con-
flicts of interest relevant to the content of this review. Mark
Wolraich is a consultant to Shire and Eli Lilly and has
received research support from Eli Lilly. He has also acted as
a consultant to McNeil.

References

1. Wolraich M. Attention deficit hyperactivity disorder: the most
studied yet most controversial diagnosis. Ment Retard Dev
Disabil Res Rev 1999: 5: 163-8

2. Bradley C. The behavior of children receiving benzedrine. A J
of Psychiatry 1937; 94: 577-85

3. Clements SD. Minimal brain dysfunction in children: terminolo-
gy and identification. Washington, DC: US Department of
Health, Education and Welfare, 1966

4. Conners CK. The effects of dexedrine on rapid discrimination
and motor control of hyperkinetic children under mild stress. J
Nerv Ment Dis 1966; 142: 420-33

5. Wolraich ML. Stimulant drug therapy in hyperactive children:
research and clinical implications. Pediatrics 1977; 60: 512-8

6. Miller A, Lee SK, Raina P, et al. A review of therapies for
attention deficit/hyperactivity disorder. Vancouver: Research
Institute for Chilldren’s and Women’s Health and University
of British Columbia, 1998

7. Swanson JM, McBurnett K, Wigal T, et al. Effect of stimulant
medication on children with ADD: a “Review of Reviews”.
Exceptional Children. 1993; 60: 154-62

8. Schachter H, Pham B, King J, et al. How efficacious and safe is
short-acting methylphenidate for the treatment of attention-
deficit disorder in children and adolesents? A meta-analysis.
CMAIJ 2001; 165: 1475-88

9. Willy M, Manda B, Shatin D, et al. A study of compliance with
FDA precommendations for pemoline (Cylert). J] Am Acad
Child Adolesc Psychiatry 2002; 41: 785-90

10. Michelson D, Fares D, Wernicke J, et al. Atomoxetine in the
treatment of children and adolescents with attention-deficit/
hyperactivity disorder: a randomized, placebo-controlled,
dose-response study. Pediatrics 2001; 108 (5): e83

11. Biederman J, Heiligenstein JH, Faries DE, et al. Atomoxetine
ADHD Study Group. Efficacy of atomoxetine versus placebo
in school-age girls with attention-deficit/hyperactivity disor-
der. Pediatrics 2002; 110: €75

12. Buitelaar J, Danckaerts M, Gillberg C. A prospective, mul-
ticenter, open-label assessment of atomoxetine in non-North
American children and adolescents with ADHD. Eur Child
Adolesc Psychiatry 2004; 13: 249-57

13. Michelson D, Adler L, Spencer T, et al. Atomoxetine in adults
with ADHD: two randomized, placebo-controlled studies. Biol
Psychiatry 2003, 20

14. Michelson D, Allen A, Busner J, et al. Once-daily atomoxetine
treatment for children and adolescents with attention deficit
hyperactivity disorder: a randomized, placebo-controlled
study. Am J Psychiatry 2002; 159: 1896-901

15. Pliszka SR. Non-stimulant treatment of attention-deficit/hyper-
activity disorder. CNS Spectrums 2003 Apr; 8 (4): 253-8

16. Wolraich M. The use of psychotropic medications in children:
an American view. J Child Psychol Psychiatry 2003; 44:
159-68

© 2007 Adis Data Information BV. All rights reserved.

17.

18.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Varley C, McClellan J. Case study: additional sudden deaths
with tricyclic antidepressants. J Am Acad Child Adolesc Psy-
chiatry 1997; 36: 390-4

Greenhill LL, Halperin JM, Abikoff H. Stimulant medications. J
Am Acad Child Adolesc Psychiatry 1999; 38 (5): 503-12

. Kramer JR, Loney J, Ponto LB, et al. Predictors of adult height

and weight in boys treated with methylphenidate for childhood
behavior problems. ] Am Acad Child Adolesc Psychiatry
20005 39: 517-24

Gillberg C, Melander H, von Knorring A, et al. Long-term
stimulant treatment of children with Attention-Deficit Hyper-
activity Disorder symptoms: a randomized, double-blind, pla-
cebo-controlled trial. Arch Gen Psychiatry 1997 1997; 54:
857-64

Charach A, Ickowicz A, Schachar R. Stimulant treatment over
five years: adherence, effectiveness, and adverse effects. ] Am
Acad Child Adolesc Psychiatry 2004; 43: 559-67

MTA Cooperative Group. National Institute of Mental Health
Multimodal Treatment Study of ADHD follow-up: 24-month
outcomes of treatment strategies for attention-deficit/hyperac-
tivity disorder. Pediatrics 2004 113: 754-61

Avigan M. Review of AERS data from marketed safety experi-
ence during stimulant therapy: death, sudden death, cardiovas-
cular SAEs (including stroke): Department of Health and
Human Services, Public Health Service, Food and Drug Ad-
ministration, Center for Drug Evaluation and Research; April
27, 2004, D030403

El-Zein R, Abdel-Rahman SZ, Hay MJ, et al. Cytogenetic
effects in children treated with methylphenidate. Cancer Lett
2005; 230: 284-91

Rapport M, Moffitt C. Attention deficit/hyperactivity disorder
and methylphenidate: A review of height/weight, cardiovascu-
lar, and somatic complaint side effects. Clin Psychol Rev
2002; 22: 1107-31

Safer DJ, Krager JM. A survey of medication treatment for
hyperactive/inattentive students. JAMA 1988; 260: 2256-8

Safer DJ, Krager JM. Effect of a media blitz and a threatened
lawsuit on stimulant treatment. JAMA 1992; 268: 1004-7

Safer DJ, Zito JM, Fine EM. Increased methylphenidate usage
for attention deficit disorder in the 1990’s. Pediatrics 1996; 98:
1084-8

US Drug Enforcement Agency. Yearly aggregate production
quotas. Washington, DC: Drug Enforcement Administration
Office of Public Affairs, 1995

Zito JM, Safer DJ, dosReis S, et al. Trends in the prescribing of
psychotropic medications to preschoolers. JAMA 2000; 283
(8): 1025-30

Anonymous. Another long-acting methylphenidate (Metadate
CD). Med Lett Drugs Ther 2001 43: 83-4

Biederman J, Quinn D, Weiss M, et al. Efficacy and safety of
Ritalin LA, a new, once daily, extended-release dosage form of
methylphenidate, in children with attention deficit hyperactivi-
ty disorder. Paediatric Drugs 2003; 5: 833-41

McGough J, Pataki CS, R. S. Dexmethylphenidate extended-
release capsules for attention deficit hyperactivity disorder.
Expert Rev Neurother 2005 5: 437-41

Wolraich M, Greenhill LL, Pelham W, et al. Randomized con-
trolled trial of OROS methylphenidate once a day in children
with attention-deficit/hyperactivity disorder. Pediatrics 2001;
108 (4): 883-92

. Pelham WE J, Sturges J, Hoza J, et al. Sustained release and

standard methylphenidate effects on cognitive and social be-

Drug Safety 2007; 30 (1)



26

Wolraich et al.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

havior in children with attention deficit disorder. Pediatrics
1987 Oct; 80 (4): 491-501

Armold L, Lindsay RL, Conners CK, et al. A double-blind,
placebo-controlled withdrawal trial of dexmethylphenidate hy-
drochloride in children with attention deficit hyperactivity
disorder. J Child Adolesc Psychopharmacol 2004; 14: 542-54

McGough J, Wigal SB, Abikoff H, et al. A randomized, double-
blind, placebo-controlled, laboratory classroom assessment of
methylphenidate transdermal system in children with ADHD. J
Atten Disord 2006; 9: 476-85

Transdermal methylphenidate (Daytrana) for ADHD. Med Lett
Drugs Ther 2006 Jun 19; 48 (1237): 49-51.

Kvale K. The efficacy of stimulant drug treatment for hyperac-
tivity: a meta-analysis. J Learn Disabil 1982; 15: 280

Ottenbacher KJ, Cooper HM. Drug treatment of hyperactivity in
children. Dev Med Child Neurol 1983; 25: 358-66

Thurber S, Walker CE. Medication and hyperactivity: a meta-
analysis. J Gen Psychol 1983; 108: 79-86

MTA Cooperative Group. National Institute of Mental Health
Multimodal Treatment Study of ADHD follow-up: changes in
effectiveness and growth after the end of treatment. Pediatrics
2004 113: 762-9

Klein-Schwartz W. Abuse and toxicity of methylphenidate.
Curr Opin in Pediatrics 2002; 14: 219-23

Barkley RA, McMurray MB, Edelbrook CS, et al. Side effects
of methylphenidate in children with attention deficit hyperac-
tivity disorder: a systemic, placebo-controlled evaluation. Pe-
diatrics 1990; 86: 184-92

Swanson JM. Measures of cognitive functioning appropriate for
use in pediatric psychopharmacological research studies.
Psychopharmacol Bull 1985; 21: 887-90

Poulton A, Cowell CT. Slowing of growth in height and weight
on stimulants: a characteristic pattern. J Paediatr Child Health

2003; 39 (3): 180-5

Lewis BR, Aoun SL, Bernstein GA, et al. Pharmacokinetic
interactions between cyclosporin and bupropion or
methylphenidate. J Child Adolesc Psychopharmacol 2001; 11:
193-8

Wilens TE, Spencer TJ, Swanson JM, et al. Combining
methylphenidate and clonidine: a clinically sound medication
option. J Am Acad Child Adolesc Psychiatry 1999; 38: 614-9

Castellanos F, Giedd JN, Elia J, et al. Controlled stimulant
treatment of ADHD and comorbid Tourette’s syndrome: ef-
fects of stimulant and dose. J Am Acad Child Adolesc Psychia-
try 1997; 36: 589-96

Feldman H, Crumrine P, Handen BL, et al. Methylphenidate in
children with seizures and attention deficit disorder. Am J Dis
Child 1989; 143: 1081-6

Gross-Tsur V, Manor O, van der Meere J, et al. Epilepsy and
attention deficit hyperactivity disorder: Is mehtylphenidate
safe and effective? Journal of Pediatrics 1997; 130: 670-4

Barbaresi W, Katusic SK, Colligan RC, et al. Long-term stimu-
lant medication treatment of attention-deficit/hyperactivity
disorder: results from a population-based study. J Dev Behav
Pediatr 2006; 27: 1-10

© 2007 Adis Data Information BV. All rights reserved.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Teo S, San RH, Wayne VO, et al. D-methylphenidate is non-
genotoxic in in vitro and in vitro assays. Mutat Res 2003; 537:
67-79

Dunnick J, Hailey JR. Experimental studies on the long-term
effects of methylphenidate hydrochloride. Toxicology 1995;
103: 77-84

Selby J, Friedman GD, Fireman BH. Screening precription
drugs for possible carcinogenicity: eleven to fifteen years of
follow-up. Cancer Res 1989; 49: 5736-47

Berger S, Kugler JD, Thomas JA, et al. Sudden cardiac death in
children and adolescents: introduction and overview. Pediatr
Clin North Am 2004; 51: 1201-9

Physicians” Desk Reference. Montvale, NJ: Thomson Health-
care, 2006

Greenhill LL, Kollins S, Abikoff H, et al. Efficacy and safety of
immediate-release methylphenidate treatment for preschoolers
with ADHD. J Am Acad Child Adolesc Psychiatry 2006; 45:
1284-93

Arnold L, Huestis RD, Smeltzer DJ, et al. Levoamphetamine vs
dextroamfetamine in minimal brain dysfunction: replication,
time response, and differential effect by diagnostic group and
family rating. Arch Gen Psychiatry 1976; 33: 292-301

Stevenson R, Wolraich ML. Stimulant medication therapy in the
treatment of children with attention deficit hyperactivity disor-
der. Pediatr Clin North Am 1989; 36: 1183-97

Markowitz J, Patrick KS. Pharmacokinetics and pharmacody-
namic drug interactions in the treatment of attention-deficit
hyperactivity disorder. Clin Pharmacokinet 2001; 40: 753-72

Greenhill LL, Abikoff HB, Aanold E, et al. Medication treat-
ment strategies in the MTA study: relevance to clinicians and
researchers. J Am Acad Child Adolesc Psychiatry 1996; 34
(10): 1304-13

Efron D, Jarman F, Barker M. Side effects of methylphenidate
and dextroamfetamine in children with attention deficit hyper-
activity disorder: a double-blind crossover trial. Pediatrics
1997; 100: 662-6

Wong DT, Threlkeld PG, Best KL, et al. A new inibitor of
norepinehrine uptake devoid of affinity for receptors in rat
brain. J Pharmacolog Exp Ther 1982; 222: 61-5

Simpson D, Perry CM. Atomoxetine. Pediatric Drugs 2003; 5:
407-15

Wilens T, Faraone S, Biederman J, et al. Does stimulant therapy
of ADHD beget later substance abuse: a metanalytic review of
the literature. Pediatrics 2003; 11: 179-85

Low K, Gendaszek AE. Illicit use of psychostimulents among
college students: a preliminary study. Psychol Health Med
2002; 7: 283-7

Correspondence and offprints: Dr Mark L. Wolraich, Depart-
ment of Pediatrics, Section of Developmental and Behav-
ioral Pediatrics, University of Oklahoma Health Sciences
Center, OU Child Study Center, 1100 N.E. 13th Street,
Oklahoma City, OK 73117, USA.

Drug Safety 2007; 30 (1)



	Contents 17
	Abstract 17
	1. Consideration of Safety 18
	2. Methylphenidate 19
	3. Amfetamines 22
	4. Atomoxetine 23
	5. Conclusions 24
	Acknowledgements 25
	References 25
	Correspondence 26

