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Abstract

The safety of ADHD medications is not fully knowoncerns have arisen about both a
lack of contemporary-standard information about icens first licensed several
decades ago, and signals of possible harm arisamg more recently developed
medications. These relate to both relatively mambverse effects and extremely serious
issues such as sudden cardiac death and suicidaliggidelines group of the European
Network for Hyperkinetic Disorders (EUNETHYDIS) htdeerefore reviewed the
literature, recruited renowned clinical subspestaland consulted as a group to examine
these concerns. Some of the effects examined sggbabe minimal in impact or

difficult to distinguish from risk to untreated pdptions. However, several areas require
further study to allow a more precise understandirtese risks.



Introduction

Attention-deficit hyperactivity disorder (ADHD) @ne of the most common mental
disorders with a worldwide mean prevalence of adobifo in children [108] and 3 %
among adults [41]. The disorder persists into duhatl in a significant proportion of the
affected individuals and, most commonly, its cousseomplicated due to frequent
comorbidities and impaired psychosocial functionifigus, ADHD requires continuing
professional care on the level of both assessnmehirdervention. Guidelines serve
clinicians to provide high quality care to theitipats by delivering evidence-based state
of the art concepts. This European guidelines gtasgpcontributed to the process
through previous publications [142,10]

It is widely accepted that intervention in ADHD siteb be based on multimodal
treatment. Amongst its various components, drugfrment is of specific value and
relevance to the patients. Accordingly, methylpdate, dexamfetamine and atomoxetine
in particular are widely used in European countaied North America for the treatment
of ADHD. They are effective drugs, and meta-anaysgestigating their use have led to
our guidelines recommending their use as partaamaprehensive treatment programme
[142,9].

Their safety, however, is not fully known — for thest commonly used drug,
methylphenidate, introduction and licensing cami@1960s, before modern standards
of clinical trials and post licensing surveillangere established. More recently
introduced drugs for ADHD have resulted in sigr@lpotential harm, raising the
possibility that some of these adverse outcomesatsayapply to methylphenidate.
Public and professional concern has been raiseat éifv® potential for severe reactions,
even including death, and for the generation oisgs These uncertainties make it
possible either that vulnerable children are bexygosed to unreasonable hazard, if real
risks go undetected, or that children are beingedktne benefit of medication if

perceived risks are exaggerated.



The issue of likelihood of causality is of partiautelevance to examination of this area,
especially in the treatment of a childhood develeptal disorder with frequent
comorbidity. Causality may be inferred from eviderof an excess observed (O) to
expected (E) adverse event rate ratio (O>E /AE) WIDHD drugs. The higher the O:E
ratio, the stronger the evidence of a causal ldditional evidence of causality may be
inferred from a dose-response relationship or reciee of an adverse event on re-

challenge with the drug (positive re-challenge).

We have therefore reviewed the published literaturadverse effects of the drugs that
are licensed in Europe, and most commonly usedhétreatment of ADHD or
hyperkinetic disorder. As such we have speciffoakamined: Immediate release
methylphenidate, modified release methylphenidiggamfetamine and mixed
amfetamine compounds, and atomoxetine. Severgbdite not licensed in Europe and
are either unavailable (e.g. guanfacine), or unconiynused (e.g. modafinil, clonidine
and tricyclic antidepressants). These unlicensadsiwere not included in the review,
but are referred to where relevant to understanadirige recommended medications. We
have focussed on safety in children and adolesceutshe review has been additionally
informed by adult data. Meta-analysis was not fdafiecause of heterogeneity in
information reported; where quantitative data at&@lable we have used the indices
reported in the papers. In addition to addresdiagoublished literature we requested
information from the licence holders about unpuig safety information. We also
consulted specialists in paediatrics, cardiology emdocrinology; and held a series of
consensus conferences, examining incidence, cauaatl potential impact of risks,
through which we have formulated advice to climsi@bout the frequency and severity
of each and the means of reducing harm or reattiagverse events if they should
occur. The evidence and advice will be divided ithie main different areas of concern.



1. Cardiac adverse events

The cardiac safety of drugs used to treat ADHD iiamaf concern to many prescribers
and families, following reports of sudden cardiaatths of individuals taking drugs for
ADHD. Stimulants are also well known to exert bptRssor and chronotropic cardiac
effects. Child and adolescent psychiatrists andlipsrecians who are aware of black box
advisory labels and advice to monitor cardiac p&tans may remain uncertain as to the

true risks in both cardionormal children and thes#th existing risk factors.

Freqguency of cardiac adverse events in treatedwarickated populations

)] Sudden death in children and adolescents

In contrast to adults, sudden death occurs onblyan the general paediatric population.
Sudden death rates range from 0.8 to 8.5/100 098gps [98,97,161,17,27]. The
median of these published sudden death rates lofrehiis at 1.2 to 1.3/100,000/yr.
Sudden death in children and adolescents is assdaath both known and previously
unrecognized cardiac conditions. Among young pexsath known congenital heart
disease, the highest risks of sudden death (0.2%s@ae) occur with specific conditions

such as aortic stenosis [130].

In children with ADHD, the risk of death from akases is estimated at 58.4/100 000
patient-years [159], whereas the risksatilderunexplaineddeath is unknown. The FDA

in the USA and Health Canada identified 25 suddstles in individuals prescribed
ADHD medications from postmarketing data betwee®91&nd 2003, raising concerns of
a possible association. However, when the numbpatiént-years of prescribed
medication was incorporated into the evaluatioa,ftaquency of reported sudden death
per year of ADHD therapy with methylphenidate, abxetine or amfetamines among
children was 0.2-0.5/100,000 pt-years [98]. Whilis recognized that adverse events are



frequently under-reported in general (80% undepiripg is sometimes mentioned) it is
likely that sudden deaths in young individuals elatively new medications may be
better reported. Death rates per year of theragdgulated using the adverse events
reporting system (AERS) reports and prescriptidia,dare equivalent for two ADHD
drugs (dexamfetamine and methylphenidate) : 0.600@dyr.(40). (The accuracy of
these estimates is limited, for instance becauseowving from number of prescriptions to
patient-year figures assumptions must be made aheuéngth of each prescription). It
seems likely, using these best available datapasdming a 50% reporting rate, that the
sudden death risk of children on ADHD medicatiansimilar to that of children in
general. Caveats to the above include the observttat 2 of the 25 sudden deaths on
ADHD medication occurred with initiation of stimutamedication. Thus, as with most
therapies, an exceedingly rare but real risk oflsaddeath cannot be completely
excluded. If childhood deaths on ADHD medicatiores ender-reported to a greater

degree than we have assumed, then some incremisktebuld potentially be present.

A recently published study compared stimulant assvb matched groups of 564 young
people aged 7-19 years, one group who had sufteréden unexplained death, and the
other who had died as passengers in motor vehscidents [49]. Stimulant use was
found in 10 (1.8%) of the former group versus 2%Q) of the latter group. The odds ratio
was reported to be 7.4 (95% Cl=1.4 to 74.9); fromcl the authors conclude a possible
association of stimulant use with sudden deathe AIDA, however, has suggested
caution in interpreting these findings, citing pbssmethodological flaws. In addition,
the physical and mental health comorbidities asgediwith the disorder that requires

stimulant treatments may themselves increase shefisudden death from other causes.

In another study the incidence of sudden deatlhiidren prescribed ADHD drugs was
not found to be statistically different to thattive general population; but this study was
limited by its sample size [90]. As sudden deatbhitdren is so rare, very large
epidemiological studies are required to adequabeiymine this question. At the time of
writing, some studies of ADHD medication risk remaending, and practice should be

reassessed in the event of any new convincing dadaexample, the FDA is currently



conducting a large epidemiological study (500,080emts) to further examine this
guestion.

i) Hypertension

The definition of hypertension in children (bloogsure beyond the %entile for age
and height) suggests that about 5% of childrenlv@lhypertensive to a level requiring
treatment prior to administration of stimulant dsudn theory, every childhood
population should have this number of children otihgpertensive medication in order
to reduce their blood pressures below th® &ntile (and below the #entile if there

is evidence of end organ damage )[2]. In practiogyever, routine screening for and
treatment of hypertension in children has not beelely implemented as a public health
standard of care. The actual values for bloodsuresat the various percentiles differs
slightly in European countries [62,74,87,87], stalcnorms should be used wherever
possible. The average blood pressure in childrercieasing — perhaps in part due to

increased prevalence of obesity [96].

All stimulant medications and atomoxetine are rggobto cause elevations in blood
pressure [152]. While the average increases rangel to 4 mm Hg systolic and 1 to 2
mm Hg diastolic, this small average change inclyzigents where the rise in blood
pressure is more significant, and there are alsmsteowing increases above thd'95
centile in individuals taking ADHD medications. rreategorically measured
hypertension, controlled trial data are availablegtomoxetine and indicate that
elevations above the 9%ercentile are seen in 6.8 % of patients (sy3talic 2.8%
(diastolic) - in comparison to 3% and 0.5% respetyiof patients treated with placebo
[152]. Categorical hypertension data for methylptiate are not published so far but are
likely to be of a similar order of magnitude on thessis of the changes in mean pressures.
The patient information leaflet for methylphenidpteducts in Europe indicates that the

drug may increase systolic and diastolic blood faresby more than 10 mm Hg

! [http\\www.ema.europa.eu/htms/human/referral/edt/methylphenidate.htm]
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iii) Heart Rate Increases

Stimulant and non-stimulant medications are recsghto cause a small increase in heart
rate averaging 1-2 beats per minute [149,152]. aMezaging of data in clinical studies
can hide a small proportion where the incremeldrger — indeed up to 50 beats per

minute in rare cases [152].

iv) QT interval prolongation

Prolongation of the QTc interval in individuals {lout a congenital long QT syndrome
or previously recognised long QT interval) can based by a variety of medications and
is a recognized risk factor for ventricular tachipgthmias and sudden death [162]. Thus
the potential effects of ADHD medications on the i@tErval are important given the
concerns raised about the safety of this groupefications. ThaverageQTc interval

is not changed significantly by any of the drugugre (methylphenidate, mixed
amfetamine salts and atomoxetine). However, asnaified blood pressure, the average
changes in any study cohort may not identify sigaiit increases in a subgroup of
individuals which are averaged out by decreasesather subgroup. More important
than the average change in a study cohort is th@option with an increment in QTc to
above the safe threshold (usually accepted as labioge 470 to 500 msec). Such data
for the various preparations is available to reuiaorganizations but is not yet in the
public domain. Finally, it should be noted thatasigrement of the QTc interval is not
without difficulties, and at least 6 alternativetireds of rate correction are available
[151,82].

QTc prolongation (and sudden death and increasad tate) have been reported with
methylphenidate and dexamfetamine [98] and atonmux¢30]. The assessment of
sudden deaths with relation to patient-years @itinent described atomoxetine deaths at
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0.5 per 100,000 patient years, and methylphenatade2 per 100,000 patient years (6).
Overall, however, insufficient data exist to trdigmonstrate any differential sudden
death risk for different drugs. A recent retrospecstudy concluded that exposure to
methylphenidate and amfetamine salts showed simslies for cardiac emergency

department visits [160].

Relative impact of cardiac risk, and mediating fast

Sudden death, whether occurring in children ortadid of course a disastrous event.
The aggravating of a previously unknown cardiatplaigy (principally cardiomyopathy
or channelopathy) by ADHD medication, with a fatatcome, remains to be excluded as

an extremely rare possible outcome.

Despite the lack of a public health approach toehntgmsion in younger people, it is
recognised that intimal plaque formation may o@sia result of hypertension in

children [16], and in the long-term even small gases of blood pressure are associated
with an increased incidence of cerebrovasculaagisén adults [79]. Other consequences
include end organ damage such as: left ventricwypertrophy, retinopathy, and
nephropathy with proteinuria. In adults a 2 mm bBi\géring of usual systolic blood
pressure would result in about 10% lower stroketatity and about 7% lower mortality

from ischemic heart disease or other vascular cansaiddle age [80].

Any persistent heart rate increases seen with Alid&tment are usually very small and
unlikely to be a risk factor for exacerbation oflerlying cardiac pathology, but a less
common larger persistent rise in heart rate magr#éieally do so. QTc prolongation to
intervals above 470-500 msec result in a risk eépially fatal arrhythmias, such as
Torsade de Pointes [99].

A personal history of cardiac symptoms (e.g. syeocmp exercise) and a positive family
history of sudden death below the age of 40 yearsf death associated with exercise
are particular risks for sudden death. This risghthpotentially be increased by treatment

by drugs with pressor adverse effects — althouggtieece is lacking — and sudden death

12



more commonly will be the first presentation of thederlying condition. Other risks

include pre-existing arrhythmias and channelopatfeeg. long QT syndrome).

With respect to hypertension, an elevated bloodsune before ADHD treatment or
appearing in the course of treatment, a positiva@lfahistory and other risk factors for
cardiac disease are likely to mediate risk. Anothediator may be obesity; children with
a BMI above the 95th percentile had a hypertengremalence of 10.7% in one study —
in contrast to children with a BMI below tQ@ercentile, who had a hypertension
prevalence of only 2.6% [132].

It is not known whether children with ADHD have @egisting increased incidence of
hypertension, although there is evidence of a[@®. The confounder is of course

stimulant therapy in this population.

In the FDA post marketing reports, many of the tded subjects were receiving
polypharmacy, which therefore may moderate riskunfden death. Finally, cytochrome
P450 (CYP 2D6) metaboliser status has been showe gomodifying factor in the

adverse effects of atomoxetine [92].

Management of cardiac risk

For ADHD patients without known heart disease AD#HD specialist, whether
psychiatrist or paediatrician, is the appropriagespn for evaluation of benefit and risk,

and the making of recommendations for medicati@napy.

Congenital heart disease patients have a sligighehn incidence of ADHD [129], and
those affected might well benefit from ADHD therept including appropriately
prescribed medication. During such treatment, ifipprh a paediatric
cardiologist/electrophysiologist may be usefulhaitgh the ADHD specialist remains the
appropriate individual to evaluate the benefit askl and make recommendations for
medication therapy in this case. In a setting whieeee may truly be a risk of sudden

death (e.g. the congenital long QT syndrome), mkfdiscussion of these aspects
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between the family, ADHD specialist and paediataadiologist or electrophysiologist

should help to refine the acceptability for theiwndlual patient.

Pre-treatment checking and monitoring of pulsel@odd pressure are recommended
with any ADHD medication in all patients with ADHith frequency of monitoring
thereafter usually arbitrarily recommended as eithiee [67] or six monthly [143], but
clearly this requirement may vary in individual eas Sustained elevated blood pressure
before or on treatment with stimulants requireesssient and treatment. Blood pressure
should be measured prior to treatment and at eiaithand converted to a centile score
using the appropriate chart. If the first recordimglevated then it should be repeated at
least twice and if still elevated, and above th8 @éntile, then referral to a paediatric
hypertension specialist is required, for 24-houbalatory blood pressure recordings to
confirm the diagnosis and to initiate any invedimas for end organ damage. In patients
already treated for ADHD, alternatively, a doseuattbn or drug holiday could be
proposed before referring to the specialist. Funthenagement will depend on the
severity of the blood pressure elevation and irsatiation with the ADHD specialist
might include antihypertensive treatment in additio the stimulants, or discontinuation
of the medication. A flow chart for both the ADHPexialist and hypertension specialist

is attached.

A pulse rate consistently above 120/minute shoeld bignal for a cardiac review. New-
onset palpitations should be managed as for unmatedipatients: occasional extra beats
are not necessarily a cause for concern, but pemsisachycardia could be due to
arrhythmia and needs investigation. In 2008 the Acaa Heart Association
recommended ECG as a standard part of the assddemizaatment for ADHD. ECG
screening is however not currently considered etfsttive or appropriate for prevention
of sudden death in the general paediatric popuilatidcurope (or the US). Our view is
that there is no current evidence to suggeste@emmental benefit for ECG assessment of

ADHD patients prior to initiation of medication.
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2. Suicide-Related Events

‘Suicide-related events’ are not only self-destruetiacts but also include suicidal
ideation, plans and beliefs in the pointlessneddeofThey can be assessed by the use of
ratings such as the Columbia suicide rating scal®]f and they are not necessarily
associated with a depressive disorder. Systemawiew has indicated that there is a
relationship between the presence of ADHD itselfl anicidal attempts [163] — so it
should not automatically be assumed that any sali¢idnking or attempt is an adverse
effect of medication. In terms of severity and ircfpanost reports to the MTA have been
of mild and transient symptoms that did not requhespitalisation. There were no

completed suicides.

Frequency of suicidality reports

Suicide-related events are rarely associated wiiHB drug treatment. In September
2005 the United States Food and Drug Administrafib®A) added a ‘black box’
warning to the product labeling of atomoxetine (Ellly and Co. Strattera safety
information, 2006 [online]), based on an analysfsadverse-event data from the
atomoxetine clinical trials database, which ideatifa small but statistically significantly
increased risk of suicidal thoughts among atomoeetiieated children and adolescents
compared with patients in those trials taking pbeced meta-analysis of the data showed
that suicidal ideation was more frequently obsernvedinical trials among children and
adolescents treated with atomoxetine (5/1357) coatbéo those treated with placebo
(0/851), with a number needed to harm (NNH) of 28mhpared to the number needed to
treat (NNT) of 5 to achieve remission of ADHD sympis [12]. There was one suicide
attempt in the atomoxetine treated group and nopteted suicide occurred during the
trials. In adults treated with atomoxetine thereswwa evidence of increased suicidal risk.

Specific figures for stimulants are not available.
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Data from population-based studies indicate thHitreported suicide-related events are
common in young people who have neither been deaghwith, nor treated for, ADHD.
For example, the rate of self-harm in UK 11-15 yelais with no mental disorder was
1.2%, 9.4% in those with anxiety disorders, 18.8%6hildren with depression, 12.6% in
those with conduct disorder and 8.5% among chilavigh hyperkinetic disorder [91]. In
contrast, the prevalence of suicide-related behavio children treated with ADHD
drugs from RCTs is reported as only 0.4% [147]. M/kiis low observed event rate in
trials is likely to reflect the exclusion of suiaildsubjects from entering trials, a short time
base, and a lack of systematic assessment andingpahere is little or no compelling
evidence to suggest that the observed event ragiioide-related events in children
treated with ADHD drugs is greater than the expk¢background) rate in the general

population.

Causality and factors mediating risk

Various emotional and behavioural changes are aotaly described in children treated
with  ADHD medications including: anxiety, agitatiorpanic attacks, insomnia,
irritability, hostility, aggressiveness, impulsigitakathisia (psychomotor restlessness),
hypomania and mania. These could in principle bekera to the states of distress that
can lead to suicidal acts — but no causal link betwthe emergence of such symptoms
and the emergence of suicidal impulses has beablissted. Co-morbidities occurring
with ADHD (such as depression and conduct disordey in themselves be associated

with an increase in the risk of suicidal ideatiowér behaviour.

Management of suicide risk

A psychiatric history is of course routinely neededore prescription of any medication.
In view of uncertain degrees of risk, caution iguieed when prescribing ADHD drugs to

children and young people with a past history oifoses suicidal attempt or depression.
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Families and caregivers should be advised of thesl e recognize any emergence of
emotional change or self-injurious thinking; ancctimmunicate well with the prescriber
[147]. Patients being treated with ADHD drugs skido¢ observed for the emergence of
suicide-related events. If they do emerge in treatmconsideration should be given to
dose reduction and/or other changes in the thetiapegimen, including the possibility
of discontinuing the medication - especially if teesymptoms are severe or abrupt in
onset, or were not part of the patient's presensyigptoms. Psychiatric evaluation (or
re-evaluation) should be arranged and the patipntigress carefully monitored.

3. Growth in childhood

Poor growth is a common concern in the treatme®fD, especially with children
already on the lower growth percentiles; but thpaot of medication on growth in
weight and height has remained somewhat unclelaerelare remaining questions as to
whether ADHD in itself is an independent risk fadiar poor growth, and whether
individuals showing a slowing of growth whilst oredication return to their previous

growth trajectory eventually or on discontinuat@frmedication

Evidence of impact on growth, and possible causahanisms

Studies providing longitudinal data suggest thedting children with ADHD with
stimulant medication generally results in a reductn both height and weight gain
[35,114]. On average, the reduction in height an®tmapproximately 1 cm/year during
the first 1-3 years of treatment (50). The reductioweight gain appears to be somewhat
more pronounced than that for height (over a 3-peaiod about 3 kg less than

predicted) [40,141].

Stimulant treatment does not, however, appear tedéy increase the number of
children who fall below the fifth percentile of tpepulation [34]. Effects are usually
minor, but there is substantial variability: sonmddren are completely unaffected,
whereas for others treatment results in signifiggatvth suppression. Current data

indicate that the initial effect of stimulants orogth appears to attenuate over time
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[39,116,141] and early studies of the adult outc®ofechildren treated with stimulant
medications have suggested that final adult hegghtt affected [56,71]. Nevertheless,
follow-up periods are not yet sufficiently long ergh, nor the sample sizes big enough,

to allow firm conclusions to be drawn.

Most studies do not suggest differences in the madgm of growth deficits between
methylphenidate and dexamfetamine [107]. Smallcesfevere seen for atomoxetine
during the first 2 years of treatment; but in thed® received prolonged treatment for up
to 5 years no long-term effects on growth were sgyaapart from an overweight
subgroup [135,136]. These two parts of the sanndysdire probably not yet sufficient
evidence for ruling out growth problems as an aslweffect of atomoxetine, and indeed
there is one study describing the medication asffactive adjunct to weight loss in

obese women [46].

Reduced caloric intake and suboptimal nutrition ttuappetite suppression are likely
causes of growth suppression. Dysregulation ofptecs in the growth system could also
be responsible; adaptation of receptors could dmritr to tolerance to growth inhibition
over time and to catch-up growth after the medicatias been discontinued. Acute
effects on growth hormone and prolactin have bdrseived, but do not yet explain
persisting growth deficits [15,33,83]. A hypotretiat ADHD itself is associated with
dysregulated growth, either decreased [55,133jaersed [141,140] has been put

forward, but current evidence is contradictory.

It is possible that the effects of stimulants ocovgh are dose-dependent. Significant
effects on weight and height may require averagesiof methylphenidate exceeding
1.5 mg/kg/day which are given continuously [25,1¥ffects may be greater for children
than adolescents, but overall there are too fediesuo allow firm conclusions in either
of these areas. Preschool children may be paatigutulnerable to growth effects: The
National Institute of Mental Health Preschool ADHBeatment Study reported that
children between 3 and 5 years of age treated métiylphenidate had annual growth
rates 20.3% less than expected for height (1.3§rgrand 55.2% for weight (-1.32 kg/yr)
[140].

18



Management of growth risks
Physicians should advise patients and their pasdaat the potential for growth delay
with medication use and discuss the balance betthese effects and the potential
outcomes that may result from non-treatment. Awtincchart should be used to monitor
height, weight and appetite in all medication-teglathildren and adolescents at least 6
monthly [142]. Should growth deficits occur duritngatment, various clinical strategies
might be considered. Current data do not suppeiBp guidelines indicating what
magnitude of height or weight gain decelerationuithérigger changes in the treatment
regimen, but simple strategies to improve nutritan be implemented. These may
include coordinating the timing of doses (e.qg. tgkihe first dose after breakfast) and
meals (e.g., late evening meal) and encouragingsbef high-energy, nutritious snacks.
These clinical strategies would be expected togedpowth deficits, but no studies have
yet examined this hypothesis directly. Periodgedtment cessation (drug holidays)
seem to result in rebound growth for children wkpegienced deficits during treatment,
with children seeming to return to their normalwgtio percentiles and trajectory
[36,113]. Drug holidays, however, can also be mofatic for the child and family
because the ADHD symptoms will often re-emerge @rsen during the period that
medication is withheld. For individual patientsypitians need to balance the risk of
exacerbating the child’s ADHD symptoms, by lowerthg dose or switching to a
different medicine, against the risks associatetl giiowth delays. Decisions should be
based on the clinical considerations of the indialdpatient. If there is serious concern
about growth, referral to a paediatric endocrin@big warranted. Criteria for referral
can follow the medical guidelines concerning neflefor short stature and consideration
of growth hormone supplementation in adults anttiotm, which are as follow [47]:

* height >1.5 SDs below the average of mother’sfatieer’'s height;

» >2 SDs below the population mean plus a 1- yeayhh velocity >1 SD below

the mean or a 1-year decrease of >0.5 SD in height
* a 1-year height velocity >2 SDs below the meam ®-year height velocity

>1.5 SDs below the mean.
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Further research is needed into the causal mechanand the long term implications of

continuous treatment from childhood to adulthoadultimate height.

4. Sleep disturbance

As is the case for several of the other adversatsysleep disturbance is associated both
with ADHD medication, and the condition of ADHD éi§ A recent meta analysis [28],
based on 16 methodologically sound studies puldisgiegween 1987 and 2008, showed
that stimulant—free children with ADHD were sigodintly more impaired than healthy
controls in parentally reported items of problemaihaviours around bedtime and in the
early morning. These children were also impaired some actigraphic and
polysomnographic measures indicating fragmentegpséad poor sleep efficiency, sleep
disordered breathing, and excessive daytime sleepirfl24]. However, the pooled
analysis of all data on sleep architecture gaveradictory results about any alterations
in REM sleep and no alterations on percentage @t stave sleep. Some conditions
associated with ADHD (such as anxiety) can alsd leapoor sleep. The effect of sleep
impairment differs greatly from one individual taather, but can be distressing to both
the child and the family and may give rise to beébtanal and learning difficulties in the
daytime [102,106]

Frequency of sleep problems and heterogeneity

Clinical experience suggests that psychostimulaedioation may negatively impact on
sleep, but the effects vary considerably from oatept to another. Some patients with
ADHD are able to get to sleep easily within juséw hours of taking a dose of stimulant
medication, others need an interval of up to 6 tdhdirs [22]. Scientific studies
comparing medicated and unmedicated children [12B& inconsistent, both for

polysomnographic measures and for parental reports.
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A review of subjective reports indicates that mathd versus unmedicated children with
ADHD did not differ in sleep disturbance in one dstu but medicated children had
greater sleep problems in other studies after othmy for ADHD severity [26]. In
placebo-controlled studies, sleep latency was amih children with ADHD on
methylphenidate versus placebo, but total sleepatdur was shorter with
methylphenidate than placebo [127]. Methylphenidddes not appear to affect sleep
patterns adversely and possibly normalizes therpairents with ADHD [145]. Sleep
problems are primarily related to ADHD severity ammmorbidity and not to medication.
Among individual sleep parameters, difficulty fatli asleep continues to differ
significantly between children with or without mediion after the severity of ADHD

symptoms has been controlled for [145].

It is possible that the inconsistency in these Itess linked, at least in part, to the
different stimulant formulations, dose, and doseesltlling used in the available studies -
all these factors can affect the duration of phaotagical actions. Some children may
have worse sleep as a result of stimulant medicatighilst others may sleep better:
indeed, clinical experience would suggest that thiso. In some studies, objective
measures suggest that methylphenidate may redtalesteep time but improve sleep
quality by consolidating sleep (70).

Several factors that may mediate the effects afidint medications on sleep have been
identified. In one study, depressive symptoms ridouned significantly to the degree of

sleep disturbance when controlling for ADHD diageaand methylphenidate treatment

[138]. Some studies assessed the effect of stirtaulgimen in two doses (morning and

noon). It is possible that sleep problems may bkeli to restlessness linked to the
rebound effect more than to the direct action ahslants [23]. Some authors have

reported that a small dose of methylphenidate tddefore bedtime can facilitate sleep

[64,70]. Other studies, however, using a third ddisefind a greater sleep onset delay in
children treated with stimulants compared to uné@aubjects [3,139].

Differential drug effects between stimulant andstonulant medications
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In a randomized, double-blind, cross-over study ganmg the effect of methylphenidate
(given thrice daily) and atomoxetine (given twicailg) on the sleep of children with
ADHD, methylphenidate increased sleep-onset latesigyificantly more than did
atomoxetine, both considering actigraphic and potysographic data [125]. Moreover,
both childrens’ diaries and parents’ reports intidea better quality of sleep (in terms of
“getting ready in the morning”, “getting ready fdred”, “falling asleep”) with
atomoxetine, compared with methylphenidate. Botldioaions decreased night-time
awakenings, but the decrease was greater for npétdnyidate. Clearly, these results from

a single study need to be replicated.

Management of sleep problem risks

Given the limited number of studies and the comttady findings, guidelines for the
management of sleep disturbances associated withDABannot be properly evidence-
based. A history of any sleep problems should kertdoefore starting medication, and if
this is a severe/significant issue, it may suggasmoxetine as a first line choice. If
problems arise during medication, then sleep diasiee recommended. Sleep hygiene
and behaviour therapy techniques based on stinadosol, and appropriate bed-time
scheduling, should be encouraged for children wigep-onset problems and/or possible

delayed sleep phase syndrome.

A switch of medication should be considered wheeslproblems persist after careful
dose adjustment and dose-scheduling of the origmedication; for instance, patients
taking a stimulant medication might switch to atowiine. Although Clonidine is
outwith the main focus of this paper, some evidesdsts to suggest it may be effective
in ADHD with associated sleep problems [155]. Réamsearch has also shown that
melatonin is effective in reducing sleep-onset fawois in ADHD children and could be

considered a reasonable therapeutic approach [14].

5. Tics and Tourette’s syndrome
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In tic disorders (TD), co-existence with ADHD caafound in about 50% of patients,
while in ADHD patients a TD is seen in about 20%ttBfigures are above the chance
rate of combination [123].The use of licensed ADHIDgs (central nervous stimulants
and atomoxetine) in the presence of tics remaibatdéle. Some experts describe an
increase in tics when drugs are given, others do &everal Physician’s Desk
References and Drug Administration Mandates stilera contraindication for the use of
stimulants in patients with TD [123,110] — and euethose with only a family history of
tics. Fortunately, in recent updates this is n@éorthe case [142,50], but taking a history
of tics and close monitoring of co-existing tice anandatory (see decision of the
European Commission for a new wording of EuropeaugAdministration Mandates
being harmonized all over Europe, Homepage of EN2BBO).

Several recent reviews [126,121,21] indicate thiatidants are adequately safe in
patients with both ADHD and TD and should not b&refjarded when planning
treatment for ADHD in these individuals. In ternfdtee impact of TD, the psychosocial
functioning of ADHD + TD children is usually not waened significantly when tic
exacerbation by drugs takes place, since ADHD iisraonly the more impairing
disorder [119,120]. Rarely, stress-sensitivity nrayease, but there will usually be
enough time to come to a joint treatment decisigh fmmilies balancing the risk-

benefit-ratio

Frequency and Causality

Dopamine-receptor antagonists may decrease tigke ditugs which increase dopamine
activity may precipitate or exacerbate tics. Trecipitationof first-onset ticsduring
treatment with methylphenidate was found not talifferent from placebo (range: O-
20%) [121]. The literature oexacerbation of pre-existing tity stimulants indicates
that about 5-10% of cases may get worse with séintal— independent of initial tic
severity. This exacerbation, if it occurs, is fulgyversible after stimulant withdrawal or
dose reduction [103,111]. Moreover, clinical expede suggests that with improvement

of attention and self-regulation by stimulants ¢batrol of tics may itself improve. In the
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controlled studies of atomoxetine, its impact as tvas either not different from placebo
or even showed some positive effect on tic frequg¢h@9,137,4]. On the other hand, a
few case reports have described exacerbation®fitidng atomoxetine treatment
[104,105,128,76,44,77]. This might reflect dopanmmbalance in certain patients, which
is in line with the theory that stimulants mighadeto further activation of an already
hyperactive meso-striatal dopaminergic system invbBere higher doses of stimulant

compounds may provoke a higher frequency of tics.

Management of tics during ADHD treatment

Because tics are naturally waxing and waningdfien difficult to decide if a worsening
of tics is provoked by a drug. Therefore, a lomgrt@bservation of at least three months
is sometimes required before a clinical decisiamlwa made. ADHD and TD can be
considered within the framework of an additive mddg3,11]. It follows, that the
symptoms may be treated with a separate but peagieoach, i.e. in addition to
stimulants or atomoxetine for ADHD, treatment watttipsychotic medication may help
to reduce tics. The latter suggestion is not eviddrased, being derived from the
experiences of clinical experts only, but meanwhileas been included in clinical
guidelines [122]. It can be assumed that the efiadic-exacerbation is similar for both
methylphenidate and dexamfetamine. For atomoxetiowever, the situation may be
more favourable, although the negative case repartsot be neglected. For clonidine,
which is only occasionally used in Europe to tfEatand/or ADHD, but recommended
by some authors (especially where TD is the predantidisorder), [118], there exists
some evidence that it may reduce tics in frequeamcyseverity, as well as improve
ADHD symptoms; but on the other hand worsenindasf inay be seen in about a quarter

of cases [1].

6. Substance abuse, misuse and diversion
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Substance use disorder (SUD) is a maladaptiverpaitenon-medical use of substances
leading to functional impairment and/or risks othex past 12 months. Substance
dependence is differentiated from abuse by theepeesof drug tolerance, preoccupation
with drug seeking and drug taking, and continuezldespite knowledge of risks and
despite repeated attempts to stop (as opposenhpbysiise associated with various risks
and actual harms). Concurrence of ADHD and SUDbe&s consistently observed for
many years and there is an ongoing debate on #iqn whether medication treatment
of ADHD, with stimulants in particular, changes tigk for patients to develop SUD.
Concerns exist both as to the use of stimulanésiweve a ‘high’ or for other reasons,
such as to aid weight loss (misuse), and also #eetase of medications by individuals
for whom they were not specifically prescribed @tsion). Findings from preclinical
research have suggested that animals exposedndaatits become “sensitized”:
Subsequent administration results in more robusheural responses, and/or they

become more likely to self-administer drugs of ablkager in development [73,72].

Co-morbid risk and estimates foéquency of abuse

Several epidemiological studies compare ADHD subjedth unaffected groups, and
find hazard ratios for SUD varying from 1.2 to 3[31,94] and up to 7.9 for drug
dependence [68]. Even a single symptom of ADHDamdeict disorder (CD) may be
associated with an increased risk for SUD [31]:drgptivity symptoms uniquely
contributed to subsequent initiation of all typéswbstance use, to nicotine dependence,
and cannabis abuse/dependence, even after cargridli CD, whereas impulsivity
predicted alcohol misuse [32]. Based on follow-apadrom the Multimodal Treatment
Assessment (MTA) study, significantly higher rabéshild-reported lifetime substance
use at age 13 were reported in ADHD patients coetptr a local normative comparison
group (HRs 2.3) [93]. Probands with ADHD who did ddfer from those without

ADHD in absolute rates of SUD, still had an earbeset, a longer duration, and higher

rates of severely impairing SUD as well as higla¢es of alcohol and drug dependence
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than non-ADHD children [20]. Correspondingly, thevalence of childhood and adult
ADHD in the substance-abusing population has begémated to be about 3 times that in
the general population: for instance, adults witifiedime diagnosis of cocaine and/or
opioid dependency show an ADHD lifetime prevaleots.2%, compared to 0.85% in
individuals without SUD [6].

Whether stimulant medication adds to the risk tdystance abuse is not clear; several
studies suggest it does not. A meta-analytic rewiesix studies suggested that
stimulant therapy in childhood may be associatetl eireduction in risk, compared to
unmedicated ADHD subjects, for subsequent drugadcwhol use disorders (HR=1.9),
with a stronger effect during adolescence (HR=th&h adulthood follow-up (HR=1.4)
[157]. The reduction in risk might be attributabdetreatment rather than stimulant
medication in particular: the MTA study found awetion in risk for those patients
treated with behaviour therapy; medication hadffeceone way or the other [93]. No
difference in substance use was observed in patth developmental reading disorder
(but without ADHD), previously treated with methignidate or placebo for up to 18
weeks, suggesting that neither sensitization nateptive effects can be related to
stimulant treatmerper se[84]. Other studies show either no influence of
methylphenidate or a reduction of risk - in onggtonly when stimulant treatment had
been initiated before puberty [18,38,54,65,85].Wébard to potential mediating factors,
gender and the presence and severity of CD/antilspersonality disorder or
delinquency appear to be the moderating varialolethé risk of subsequent SUD in
ADHD patients; and these effects are stronger #mninfluence of medication [13]. In
ADHD subjects, both genetic predisposition andaéenvironmental factors interact to
determine persistence of conduct symptoms andoarisehaviours [24,100,131],

which are then important influences on substancsealnd misuse.

Euphoric properties and reinforcing effects of nygthenidate are associated only with
intravenous injection or nasal inhalation and nithwral administration [150]. Euphoria
is practically unknown with oral methylphenidatieptigh the situation with
dexamfetamine is unclear, because of lack of stather than conflicting

findings. Misuse or diversion of stimulants hasrbesported in adolescents and young
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adults in North America, either in order to impraeademic performance (studying,

staying awake, improved alertness) or in the cdardéa SUD [148,154,158].

Prevention and Management of comorbid SUD, misusedaversion

Early recognition and treatment perhaps combined lehger-term behaviour therapy
and/or longer-term/continuous medication treatmmesaty reduce the risk for SUD in
ADHD patients. Depending on the specific situaticurrent or previous substance abuse
in the family can be seen as either a relativeraomdication for stimulant prescription,
especially in the immediate release preparatioasa reason for extremely close
monitoring of a patient’s stimulant use. The exthdelease formulations of stimulants
are less prone to diversion because these prepasatannot easily be crushed into
powder for injection or snorting, and also becahseonce-a-day administration makes
parental supervision easier to enforce. Based edlipical, short-term clinical data and
abuse liability studies, the noradrenergic compaatethoxetine does not appear to be
associated with risk for substance use disordetsvay well be preferred in high-risk

cases [63].

Use of cannabis is not necessarily a contraindingt prescribing stimulant medication,
and a pragmatic approach will be required. Theradhegers of cannabis, however,
should not be ignored and patients will need tovemed. Cocaine, however, is likely to
be a real hazard in view of its sharing neurochah&tfects with dopaminergic drugs,

and the two should not be combined.

7. Epilepsy and seizures

Children with epilepsies show a three- to fivefblgher prevalence of ADHD than
controls [29]. Among the various psychopathologieatures of the epilepsies, ADHD
is the most frequent comorbidity. ADHD patients é&d@een shown to have incidence

rates of unprovoked seizures and epilepsy as matwato three times greater than non-
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ADHD children [59]. Although epileptic disorderdadt ~1% of the paediatric
population, the evidence base for ADHD treatmemhitdren with epilepsies is

disproportionately thin.

There are occasionally concerns that, as with gikgchotropics, ADHD medications
may lower the seizure threshold so as to causarssii previously seizure free
individuals. However, in prospective trials, repestive cohort studies and
postmarketing surveillance in ADHD patients withepilepsies, the incidence of
seizures did not differ between ADHD pharmacothgi@apd placebo (relative risk (RR)
for current vs non-use for methylphenidate: 0.8;fBRatomoxetine: 1.1 [89,153].
Methylphenidate has been shown to prolong the auraf kindled seizures in rats [7].
Amfetamine has the potential to both increase awledse seizure risk in animals
[51,69]. Inrodents treated with atomoxetine, geznduction occurred only with doses

several-fold higher than the highest approved daskumans [146].
Mediating influences

Higher seizure rates are reported from never-tdeA2HD patients with epilepsy
compared to ever-treated ADHD patients [89]; timelear whether this is due to a
reluctance to administer ADHD medication to chitdeg risk for epilepsy or to risk
factors mitigated by ADHD treatment (e.g. substaaimaese). An elevated risk for
seizures can be associated with antiepileptic (&dD) polypharmacy, mental
retardation, neurologic deficits, metabolic dissasengenital anomalies, and other
developmental disorders [89]. Available evidencesdnot support an increased risk in

seizure-free ADHD-children with centro-temporallémdic) spikes [57,60].

Differential drug effects

There is substantial evidence for short-term effjoaf methylphenidate in children with
epilepsies, while no negative effects on seizunesEEEG abnormalities have been

observed, and indeed there is some evidence failpedeneficial impacts in some
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cases [43,52,53]. A larger systematic review didfimal evidence for meaningful
pharmacokinetic or pharmacodynamic interactionaéen methylphenidate and AEDs
[86]. For amfetamines, effects on comorbid ADHDRI @pilepsies are not yet
systematically evaluated. Response rates in caiss see disappointing, but these
reports are biased since they included almost sik@ly non-responders to
methylphenidate [48,101]. Amfetamine seems to f@vanticonvulsant effect in patients
with nocturnal seizures and a favourable impaafr@nvsiness induced by AEDs
[5,42,81]. In several retrospective case seriggenious methylphenidate non-
responders with epilepsy, atomoxetine showed d@apipg response rates and high
rates of discontinuation [146]. Limited evidencerfr prospective case series in children
with epilepsy is more promising, but a seizure éase may occur in a minority of cases
[58]. For ampfetamine and atomoxetine, efficacy simort term safety have yet to be
established in stimulant naive patients with infrext seizures. As with methylphenidate,
preliminary evidence supports efficacy on ADHD syamps and a low seizure risk in
patients with infrequent seizures. Studies in ¢biddwith more active epilepsy seem

justified.

Management of seizure risks

Adolescents with epilepsies are at increased askiépression and suicidal ideation [8].
During ADHD treatment, they should therefore be itwed for the emergence of
depression, irritability and suicidal ideation. areful evaluation of the potential benefits
and risks of pharmacotherapy seems warranted stipoel ADHD children, in whom
epilepsies may still be recognized during theitlfar development. Fatal hepatotoxicity
has been reported as an extremely rare event imgyepileptic children with
polypharmacy or inborn errors of metabolism. Regaythe combination of atomoxetine
with antiepileptic agents that might increase tkk for liver toxicity, patients should be
carefully monitored clinically. Elevation of livenzymes, however, is a poor predictor of

impending hepatotoxicity.

Besides specific pharmacotherapy, ADHD symptonepitepsy may be improved by

non-specific interventions, such as a better seizantrol, decreasing AED
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polypharmacy, reducing drug interactions, and dviiig to AEDs with fewer cognitive

and behavioural effects [146].

8. Psychotic Symptoms

The term ‘psychosis’, as a reported adverse ewgedgfined at the level of symptoms and
does not imply a full-blown psychotic disorder. Efsgtic symptoms include
hallucinations or delusions occurring in clear @osgsness, neither associated with fever
nor transitions to or from sleep. Adverse evenbrepg of ‘psychosis’ frequently also
includes symptoms of mania, hypomania and ‘agitatatés’. In terms of the severity of
impact of these symptoms, most reports from the EDAlysis described below [95]

were of mild and transient symptoms that did nqune hospitalisation or treatment.
Frequency

Psychotic symptoms are rarely associated with AR treatment. The United States
Food and Drugs Administration (FDA), [95], reviewé® RCTs of ADHD drugs in
children and found a total of 11 psychosis/manenévduring 743 person years of
exposure with ADHD drug treatment compared to nepssis events reported with
placebo. From these data, the psychosis evenisr&td8 per 100 person years, or one

event in every 70 years of treatment with a nunmeeded to harm (NNH) of 526.

The FDA also reviewed industry post marketing sillevece case reports in the United
States for ADHD drugs prescribed in children andltzdetween 2000 and 2005 and
found 865 reports of psychosis events (157). bifalhese reports occurred in children
under the age of 10 years. Although the exact demaior (prescribing frequency) is
unknown for post marketing surveillance reportsyeéf assume a prescribing frequency of
3 per 100 school age children in the United Stettissresults in a rate of reported

psychosis events of 1 in 2,500 treated cases of BDH
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Psychotic adverse events have been reported igiagsn with dexamfetamine,
methylphenidate, and atomoxetine. The FDA revie&lBHD drug RCTSs, with regard
the ADHD drugs reviewed in this report, reported kiighest psychosis adverse event
rate with MPH (in the form of transdermal patchest, currently licensed in
Europe)(13.2/100 person years) followed by dexaani@te (2.0/100 person years) and
atomoxetine (0.8/100 person years). No psychosierad events were reported in 11
RCTs of oral methylphenidate (immediate and modifidease) and 4 RCTs of mixed

amfetamine salts (Adderall XR).

Amfetamine increases synaptic release of dopamitigei mesolimbic system and is
associated with increased positive psychotic symptm patients with schizophrenia
[75]. Hence, there is a plausible neurobiologmakhanism that could link stimulant
drugs with psychotic symptoms. However, this evaeall comes from studies in adults
and in those with a pre-existing psychotic disom®t consequent increased
vulnerability to psychotic symptoms. It is unclednrether a similar risk applies to
children and those without an increased biologicétherability to psychosis.
Interestingly, half of the US FDA post marketing\sillance reports occurred in young
children (under age 10) who would typically be vglas being less vulnerable to

dopamine mediated drug-induced psychosis than scktés or adults (46).

Data from population-based birth cohorts indichte self-reported psychotic symptoms
are common and may occur in up to 10% of 11-yehcbildren [117]. In contrast, the
prevalence of psychotic symptoms in children tre@atgh ADHD drugs from RCTs is
reported as only 0.19% (46). While this very loserved event rate in trials is likely to
reflect a lack of systematic assessment and regpittiere is no compelling evidence to
suggest that the observed event rate of psychgtipt®oms in children treated with
ADHD drugs exceeds the expected (background) mateel general population. In the
U.S. FDA analysis, ADHD drug overdoses did not dbnte significantly to reports of

psychosis adverse events.
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Theoretically, at least, evidence of vulnerabitiypsychosis in terms of a positive family
history or prior psychotic episodes may increagerigk of psychotic symptoms with
ADHD drugs.

Management of risk of psychosis or mania

The evidence of an increased risk of psychotic $gmp associated with ADHD drugs is
weak. Reported psychosis adverse events aremdmmach less common than the
expected rate of self-reported non-clinical psychsymptoms in the general child
population. The impact of reported psychosis aslvervents in most cases is mild and
most are self-limiting. If psychotic symptoms dwor with ADHD drugs, then they
could in very rare circumstances represent an adwinug reaction or symptom of a
psychotic disorder, but consideration should bemito the more likely possibility that
psychotic symptoms are common phenomena in chilginenn most circumstances will
be unrelated to either ADHD drugs or a psychotsorier. Nevertheless, and in view of
potentially increased vulnerability to psychosishWADHD drugs, caution would be
appropriate when prescribing ADHD drugs to childag young people with a family
history of psychosis or past history of psychopésedes.

9. Drug holidays —a way of controlling adverse eftaés of ADHD drugs?

The structured interruption of a pharmacologicaatment (often called a drug

holiday) occurs when a patient stops taking meuingt) for a period of time. In general
drug holidays can be very short (a few days) oy \@ng (months or even years). Drug
holidays are commonly used in a range of therapelatmains. Clinical anecdote and
informal report suggests to us that drug holidagscmite commonly used in relation to
ADHD medication. Drug holidays can have variousctions, and in relation to ADHD

treatment these can be divided into four types.

First, drug holidays can be used to counteract ngpeffectiveness after a period of

continuous use — perhaps by interrupting the deveémt of tolerance and the need to
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continually increase the dose over time. Secorgy, tan be used to monitor whether
medication is still effective after a period of tpterm treatment or whether the balance
between side effects and therapeutic effectslisrstavour of continued treatment.
Third, they can be used to allow normal life tourae and for activities to be undertaken
without the effects being apparent. Finally, drefjdays can be used to control acute
adverse events (e.g., poor sleep and reduced &g)@etd reduce their chronic effects
(e.g., reduced growth or high blood pressure).

Despite the potential value of drug holidays arelltkelinood that they are used
frequently, either formally or informally, as paft ADHD medication regimen, there is
very little data on issues such as the extentaif thse; the factors that predict use (e.g.,
child characteristics, parent and clinician’s Wslielisorder progression, social structures
and cultural norms); or their effectiveness in tewheither enhancing or reducing
clinical effects or reducing side effects and tlalverse consequences.

Systematic study of these three questions seemasiallp important now because not
only has consideration of drug holidays been recemdad on pragmatic grounds
[142,115,37], but also because of their potenteddient use - especially as parents
(and/or patients) may often initiate drug holidaydependently without the clinical
guidance or approval [156,61,88].

Evidence for drug holidays

In the only randomised controlled trial addressimgissue of drug holidays and ADHD
drug adverse effects, patients were randomizeddeive either BID methylphenidate
seven days a week or five days a week and a wdeakeig holiday when placebo was
administered in a double blind design [88]. Nouatthn in therapeutic effects on
weekends (as rated by parents) or on the followangof school (as rated by teachers)
was found, but despite this, fewer sleep and ajgpsitie-effects were

reported. Observational studies have also focusdti@longer term effects of drug
holidays on growth. A study on the effects of ldagn (at least 21 months) use of OROS
methylphenidate on the growth of children and astmats reported relatively small
effects of methylphenidate on overall height anigiveand a slight beneficial effect of

drug holidays — however these effects were notifsggnt [134]. In a similar study
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comparing amfetamine and methylphenidate in childreated for at least one year,
small effects of drug dose were found on height\aeidiht but there was no effect of the

duration of treatment or the use of drug holid&?) (
Risk-benefit balance

The risk-benefit balance of drug holidays mustdlesh into account, and there are risks
attached to the intermittent cessation of treatnfémt instance, a review of the
relationship between ADHD and burn accidents regabtihat a high proportion of
children visiting burns units had not had theiralsipse of medication on the day of the
visit [45,144]. Furthermore, the health econonusts per year to accident emergency

departments were higher when children were notvecetheir normal medication [78].

In summary to date, and despite their theoretieaklits, the evidence that drug holidays
can help control side effects is very limited. Tata base needs to be expanded in a
number of ways. First, the Martins et al. findirafghe possible benefits of 5-days-a-
week administration [88] need to be replicatedpsé, longer term studies need to be
conducted using randomized and quasi-randomizdgragshird, the range of adverse
effects studied in relation to drug holidays netedse extended (to include for instance
cardiac effects). Fourth, the differential impattioformal’ parent/patient- initiated and
‘formal’ clinician-initiated holidays should be shed. Fifth, the predictors of drug
holiday effectiveness need to be examined. Sbehgfits and costs of drug holidays

need to be assessed systematically.

10. Issues lacking evidence and future evidence soes

A recurring theme in this paper is that there iipalar uncertainty about possible
adverse effects that are rare and severe. Theanwete is sudden death — which, as
considered above, is so uncommon that extremedy laumbers of subjects will be
needed to detect whether the risk is raised allevbdse rate in the general population.

Liver failure presents a similar uncertainty foe ttlinician: rare cases have been reported
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in people taking atomoxetine. They may well be rme@common than in the population
as a whole, but no conclusion is possible. The gividity of under-reporting, and the lack
of information about the usual prevalence of otheswnexplained liver failure, leave
real uncertainty. We can recommend only that theathn should be vigilant for early
signs of disease — which would include persistedtinexplained malaise as well as the
more obvious features such as jaundice, dark uoinéching - and investigate with liver
enzyme tests if they appear. In the UK, the for@@mmittee on Safety of Medicines has
stated that families should be warned in advandbeohecessity for medical advice if

any of these signs should appear.

Another kind of uncertainty arises from possiblelgpems for which good measurement
has not previously been available. There coultbbg-term changes in the brain — for
instance, in neurotransmitter levels or receptoisdg — but adequate techniques of
investigation are only now becoming available. &f@enot know if such changes occur;
if they do, whether they are related to medicatioto the condition itself; if they are
caused by medication, whether they have functisigaificance; and whether any
changes are helpful or harmful to mental develogm#énms is not to argue that the
effects are harmful; to the contrary, our clinieaperience of long-term medication has
not uncovered concerns of cognitive malfunctiobm@in damage. Rather, it is to point to
the need for research on possible subtle chandether for good or for ill.
Neuropsychological and cognitive tests should hesldped to test specific hypotheses
about potentially harmful effects. New techniquesappearing that could in principle
allow prediction of individuals’ vulnerability todwerse effects. Pharmacogenomics,
repeated monitoring of blood levels of ADHD compdsnand neuroimaging of the
brain’s response to medication could all earn aepla clinical practice. For the moment,
however, we see them as opportunities for tramslatiresearch, not recommendations

for practice.

For many clinicians, the impact of risk of ADHD atenent, and the balance of that risk
against possible benefits of treatment will be seefavourable in most cases, but with a

caveat that there are several areas of uncertaliyt the nature of these risks. This
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review should help in this regard, but as alreadgussed each area still requires further
clarification from pharmacoepidemiology. The cortagigwillingness to pay’ may have
value when applied to the question of what levedaferse effects is acceptable for a
given treatment benefit for an individual persorsponsive discussion with patients and
their families is important. Monitoring should inde not only the blood pressure and
growth measures already mentioned, but also consyimptoms such as headache,
insomnia, anorexia, nausea and emotional upsedlsamaynspecific problems emerging in
the individual patient. As ever, the primary resgbitity for ensuring the safety of the

patient lies with the prescriber.

36



=

Reference List

. (26-2-2002) Treatment of ADHD in children withs: a randomized controlled
trial. Neurology 58:527-536

(2004) The fourth report on the diagnosis]at#on, and treatment of high blood
pressure in children and adolescents. Pediatri4$5%-576

. Ahmann, P. A., Waltonen, S. J., Olson, K. Feye, F. W., Van Erem, A. J., and
LaPlant, R. J. (1993) Placebo-controlled evaluatibRitalin side effects.
Pediatrics 91:1101-1106

. Allen, A. J., Kurlan, R. M., Gilbert, D. L.,d¥fey, B. J., Linder, S. L., Lewis, D.
W., Winner, P. K., Dunn, D. W., Dure, L. S., SalléeR., Milton, D. R., Mintz,
M. I., Ricardi, R. K., Erenberg, G., Layton, L. Eeldman, P. D., Kelsey, D. K.,
and Spencer, T. J. (27-12-2005) Atomoxetine treatnmechildren and
adolescents with ADHD and comorbid tic disordersuilogy 65:1941-1949

. Appleby, J. G. (1985) Use of dextroamphetarmrepilepsy. J S.C.Med Assoc.
81:281-282

. Arias, A. J., Gelernter, J., Chan, G., WdisD., Brady, K. T., Farrer, L., and
Kranzler, H. R. (2008) Correlates of co-occurrinDHD in drug-dependent
subjects: prevalence and features of substancexdepee and psychiatric
disorders. Addict.Behav 33:1199-1207

Babington, R. G. and Wedeking, P. W. (1973 Ppharmacology of seizures
induced by sensitization with low intensity bratmsilation.
Pharmacol.Biochem.Behav. 1:461-467

. Baker, G. A. (28-3-2006) Depression and seigidadolescents with epilepsy.
Neurology 66:S5-12

. Banaschewski, T., Coghill, D., Santosh, Pddas, A., Asherson, P., Buitelaar,
J., Danckaerts, M., Dopfner, M., Faraone, S. VthRoberger, A., Sergeant, J.,
Steinhausen, H. C., Sonuga-Barke, E. J., and Tdyldb-5-2006) Long-acting
medications for the hyperkinetic disorders : A systic review and European
treatment guideline. Eur.Child Adolesc.Psychiatry

37



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Banaschewski, T., Coghill, D., Santosh, Bddas, A., Asherson, P., Buitelaar,
J., Danckaerts, M., Dopfner, M., Faraone, S. VthRoberger, A., Sergeant, J.,
Steinhausen, H. C., Sonuga-Barke, E. J., and Tayldb-5-2006) Long-acting
medications for the hyperkinetic disorders : A sysatic review and European
treatment guideline. Eur.Child Adolesc.Psychiatry

Banaschewski, T., Neale, B. M., Rothenber§grand Roessner, V. (2007)
Comorbidity of tic disorders & ADHD: conceptual anethodological
considerations. Eur.Child Adolesc Psychiatry 16@udpb-14

Bangs, M. E., Tauscher-Wisniewski, S., PolzerZhang, S., Acharya, N.,
Desaiah, D., Trzepacz, P. T., and Allen, A. J. @eta-analysis of suicide-
related behavior events in patients treated witimatxetine. J Am Acad Child
Adolesc Psychiatry 47:209-218

Barkley, R. A., Fischer, M., Smallish, L. daRletcher, K. (2003) Does the
treatment of attention-deficit/hyperactivity diserdvith stimulants contribute to
drug use/abuse? A 13-year prospective study. Pegdidtl1:97-109

Bendz, L. M. and Scates, A. C. (2010) Melatdreatment for insomnia in
pediatric patients with attention-deficit/hyperats disorder. The Annals of
Pharmacotherapy 44:185-191

Bereket, A., Turan, S., Karaman, M. G., Hgka, Ozbay, F., and Yazgan, M.
Y. (2005) Height, weight, IGF-1, IGFBP-3 and thyddunctions in prepubertal

children with attention deficit hyperactivity distar: effect of methylphenidate
treatment. Horm.Res. 63:159-164

Berenson, G. S., Srinivasan, S. R., BaoN&wman, W. P., lll, Tracy, R. E., and
Wattigney, W. A. (4-6-1998) Association between fpl# cardiovascular risk
factors and atherosclerosis in children and youhgts. The Bogalusa Heart
Study. N Engl J Med 338:1650-1656

Berger, S., Utech, L., and Fran, Hazinsk(2004) Sudden death in children and
adolescents. Pediatr Clin North Am 51:1653-165x

Biederman, J., Monuteaux, M. C., SpenceWilens, T. E., Macpherson, H. A.,
and Faraone, S. V. (2008) Stimulant therapy ardfoissubsequent substance
use disorders in male adults with ADHD: a natutalisontrolled 10-year follow-
up study. Am J Psychiatry 165:597-603

Biederman, J., Petty, C. R., Dolan, C., Haglse, Mick, E., Monuteaux, M. C.,
and Faraone, S. V. (2008) The long-term longituldioarse of oppositional
defiant disorder and conduct disorder in ADHD bdysdings from a controlled
10-year prospective longitudinal follow-up studgyhol.Med 38:1027-1036

Biederman, J., Petty, C. R., Wilens, T. Eajre, M. G., Purcell, C. A., Mick, E.,
Monuteaux, M. C., and Faraone, S. V. (2008) Faiikk analyses of attention

38



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

deficit hyperactivity disorder and substance usewdiers. American Journal of
Psychiatry 165:107-115

Bloch, M. H., Panza, K. E., Landeros-Weisegbe A., and Leckman, J. F.
(2009) Meta-analysis: treatment of attention-défigiperactivity disorder in
children with comorbid tic disorders. J Am Acad [dhdolesc Psychiatry
48:884-893

Brown, T. E. and McMullen, W. J., Jr. (20@X)ention deficit disorders and
sleep/arousal disturbance. Ann N Y.Acad Sci. 931286

Carlson, G. A. and Kelly, K. L. (2003) Stiraat rebound: how common is it and
what does it mean? J Child Adolesc.Psychopharmasdl37-142

Caspi, A., Langley, K., Milne, B., Moffitt,. E., O'donovan, M., Owen, M. J.,
Polo, Tomas M., Poulton, R., Rutter, M., Taylor, Wllliams, B., and Thapar, A.
(2008) A replicated molecular genetic basis fortgping antisocial behavior in
children with attention-deficit/hyperactivity dister. Archives of General
Psychiatry 65:203-210

Charach, A., Figueroa, M., Chen, S., Ickowiz and Schachar, R. (2006)
Stimulant treatment over 5 years: effects on grodthm.Acad.Child
Adolesc.Psychiatry 45:415-421

Cohen-Zion, M. and Ancoli-Israel, S. (200499 in children with attention-
deficit hyperactivity disorder (ADHD): a review ofturalistic and stimulant
intervention studies. Sleep Med Rev. 8:379-402

Corrado, D., Basso, C., and Thiene, G. (2@2t)den cardiac death in young
people with apparently normal heart. Cardiovasc30e399-408

Cortese, S., Faraone, S. V., Konofal, E.,lawkndreux, M. (2009) Sleep in
children with attention-deficit/hyperactivity dister: meta-analysis of subjective
and objective studies. J Am Acad Child Adolesc Riatcy 48:894-908

Dunn, D. W., Austin, J. K., and Perkins, S.(R009) Prevalence of
psychopathology in childhood epilepsy: categorazad dimensional measures.
Dev Med Child Neurol. 51:364-372

Eli Lilly and Co. (2006) Strattera safetyarrhation.

Elkins, I. J., McGue, M., and lacono, W. &)@7) Prospective effects of
attention-deficit/hyperactivity disorder, conductarder, and sex on adolescent
substance use and abuse. Archives of General RsycB#:1145-1152

Ernst, M., Luckenbaugh, D. A., Moolchan, E.Leff, M. K., Allen, R., Eshel,
N., London, E. D., and Kimes, A. (2006) Behavigreddictors of substance-use

39



33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

initiation in adolescents with and without attentideficit/hyperactivity disorder.
Pediatrics 117:2030-2039

Faraone, S. V., Biederman, J., Morley, CaRd, Spencer, T. J. (2008) Effect of
stimulants on height and weight: a review of theréture. J Am Acad Child
Adolesc Psychiatry 47:994-1009

Faraone, S. V., Biederman, J., Morley, CaRd, Spencer, T. J. (2008) Effect of
stimulants on height and weight: a review of theréture. J Am Acad Child
Adolesc Psychiatry 47:994-1009

Faraone, S. V., Biederman, J., Morley, CaRd, Spencer, T. J. (2008) Effect of
stimulants on height and weight: a review of theréture. J Am Acad Child
Adolesc Psychiatry 47:994-1009

Faraone, S. V., Biederman, J., Morley, CaRd, Spencer, T. J. (2008) Effect of
stimulants on height and weight: a review of ther&ture. J Am Acad Child
Adolesc Psychiatry 47:994-1009

Faraone, S. V., Biederman, J., Morley, CaRd, Spencer, T. J. (2008) Effect of
stimulants on height and weight: a review of theréture. J Am Acad Child
Adolesc Psychiatry 47:994-1009

Faraone, S. V., Biederman, J., Wilens, Takd Adamson, J. (2007) A
naturalistic study of the effects of pharmacothgrap substance use disorders
among ADHD adults. Psychol.Med 37:1743-1752

Faraone, S. V. and Giefer, E. E. (2007) Ltarg: effects of methylphenidate
transdermal delivery system treatment of ADHD oomgh. J Am Acad Child
Adolesc Psychiatry 46:1138-1147

Faraone, S. V. and Giefer, E. E. (2007) Ltarg: effects of methylphenidate
transdermal delivery system treatment of ADHD oomgh. J Am Acad Child
Adolesc Psychiatry 46:1138-1147

Fayyad, J., De Graaf, R., Kessler, R., AlpdsoAngermeyer, M., Demyttenaere,
K., De Girolamo, G., Haro, J. M., Karam, E. G.,&a€., Lepine, J. P., Ormel, J.,
Posada-Villa, J., Zaslavsky, A. M., and Jin, R.QZ20Cross-national prevalence
and correlates of adult attention-deficit hypenattidisorder. Br J Psychiatry
190:402-409

Feijoo, M. and Bilbao, J. (1992) Seizuresleép onset: clinical and therapeutical
aspects. Clin Neuropharmacol. 15:50-55

Feldman, H., Crumrine, P., Handen, B. L.,id\\R., and Teodori, J. (1989)
Methylphenidate in children with seizures and dtteradeficit disorder. Am J
Dis.Child 143:1081-1086

40



44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54,

Feldman, P. D., Ruff, D. D., and Allen, A(J005) Atomoxetine and tics in
ADHD. J Am.Acad.Child Adolesc.Psychiatry 44:405-406

Fritz, K. M. and Butz, C. (2007) Attention fid&/Hyperactivity Disorder and
pediatric burn injury: important considerationsaeting premorbid risk.
Curr.Opin.Pediatr 19:565-569

Gadde, K. M., Yonish, G. M., Wagner, H. Rubt, M. S., and Allison, D. B.
(17-1-2006) Atomoxetine for weight reduction in ebavomen: a preliminary
randomised controlled trial. Int.J Obes.(Lond)

Gharib, H., Cook, D. M., Saenger, P. H., Besgn, B. A., Feld, S., Nippoldt, T.
B., Rodbard, H. W., Seibel, J. A., Vance, M. L.daiimmerman, D. (2003)
American Association of Clinical Endocrinologistedical guidelines for clinical
practice for growth hormone use in adults and ceile-2003 update.
Endocr.Pract. 9:64-76

Gonzalez-Heydrich J, Hsin O Hickory M AzeeriWMMrakotsky C Torres A
Mezzacappa E DeMaso DR Bourgeois B Biederman JAj200mparisons of
response to stimulant preparations in pediatriteppy. American Academy of
Child and Adolescent Psychiatry Meeting

Gould MS, Walsh BT, Munfakh JL, Kleinmann Byan N, Olfson M, Greenhill
L, and Cooper T (2009) Sudden Death and Use ofuldimh Medications in
Youths. American Journal Psychiatry 166:992-1001

Graham, J. and Coghill, D. (2008) Adversea# of pharmacotherapies for
attention-deficit hyperactivity disorder: epidenagy, prevention and
management. CNS.Drugs 22:213-237

Greer, C. A. and Alpern, H. P. (1980) Parachheffects of d-amphetamine upon
seizure susceptibility in 2 selectively bred lirdsnice. Dev Psychobiol. 13:7-15

Gross-Tsur, V., Manor, O., van der, Meerdaseph, A., and Shalev, R. S.
(1997) Epilepsy and attention deficit hyperactivdigorder: is methylphenidate
safe and effective? J Pediatr. 130:670-674

Gucuyener, K., Erdemoglu, A. K., Senol, ®rdaroglu, A., Soysal, S., and
Kockar, A. I. (2003) Use of methylphenidate foreation-deficit hyperactivity
disorder in patients with epilepsy or electroenapiraphic abnormalities. J
Child Neurol. 18:109-112

Halmoy, A., Fasmer, O. B., Gillberg, C., atahvik, J. (2009) Occupational
outcome in adult ADHD: impact of symptom profil@nsorbid psychiatric
problems, and treatment: a cross-sectional studyléfclinically diagnosed adult
ADHD patients. J Atten.Disord. 13:175-187

41



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Hanc, T. and Cieslik, J. (2008) Growth imstiant-naive children with attention-
deficit/hyperactivity disorder using cross-sectiloaad longitudinal approaches.
Pediatrics 121:€967-e974

Hechtman, L., Weiss, G., and Perlman, T.4)%ung adult outcome of
hyperactive children who received long-term stimutaeatment. J Am
Acad.Child Psychiatry 23:261-269

Hemmer, S. A., Pasternak, J. F., Zecker,.Sartal Trommer, B. L. (2001)
Stimulant therapy and seizure risk in children vAbHD. Pediatr.Neurol. 24:99-
102

Hernandez A, Barragan P (2005) Efficacy ofraixetine treatment in children
with ADHD and epilepsy. Epilepsia 46 (Suppl.6):

Hesdorffer, D. C., Ludvigsson, P., Olafs€bn,Gudmundsson, G., Kjartansson,
O., and Hauser, W. A. (2004) ADHD as a risk fad¢torincident unprovoked
seizures and epilepsy in children. Arch.Gen.Psyoh&l:731-736

Holtmann, M., Becker, K., Kentner-Figura, &d Schmidt, M. H. (2003)
Increased frequency of rolandic spikes in ADHD dteh. Epilepsia 44:1241-
1244

Hugtenburg, J. G., Griekspoor, J. E., De rBoéleerdink, E. R., Tso, Y. H., and
Egberts, A. C. (2005) Methylphenidate: use in dpiigctice. Pharm World Sci.
27:197-201

Jackson, L. V., Thalange, N. K., and Cole].T2007) Blood pressure centiles for
Great Britain. Arch Dis.Child 92:298-303

Jasinski, D. R., Faries, D. E., Moore, RSghuh, L. M., and Allen, A. J. (1-5-
2008) Abuse liability assessment of atomoxetina drug-abusing population.
Drug Alcohol Depend. 95:140-146

Jerome, L. (2001) Can methylphenidate fatdisleep in children with attention
deficit hyperactivity disorder? J Child Adolesc.Bisgpharmacol. 11:109-

Katusic, S. K., Barbaresi, W. J., Colligan® Weaver, A. L., Leibson, C. L.,
and Jacobsen, S. J. (2005) Psychostimulant treatmerrisk for substance abuse
among young adults with a history of attention-ciéfiyperactivity disorder: a
population-based, birth cohort study. J Child Adol®sychopharmacol. 15:764-
776

Keltikangas-Jarvinen, L., Pulkki-Raback,Ruttonen, S., Viikari, J., and
Raitakari, O. T. (2006) Childhood hyperactivityaapredictor of carotid artery
intima media thickness over a period of 21 yedrs:dardiovascular risk in young
Finns study. Psychosom.Med 68:509-516

42



67.

68.

69.

70.
71.

72.

73.

74.

75.

76.

7.

78.

Kendall, T., Taylor, E., Perez, A., and Tayf©. (2008) Diagnosis and
management of attention-deficit/hyperactivity dé&rin children, young people,
and adults: summary of NICE guidance. BMJ 337:a1239

Kessler, R. C., Adler, L., Barkley, R., Bieghan, J., Conners, C. K., Demler, O.,
Faraone, S. V., Greenhill, L. L., Howes, M. J.,18kcK., Spencer, T., Ustun, T.
B., Walters, E. E., and Zaslavsky, A. M. (2006) nevalence and correlates of
adult ADHD in the United States: results from thatiinal Comorbidity Survey
Replication. Am.J Psychiatry 163:716-723

King, G. A. and Burnham, W. M. (1980) Effeofsd-amphetamine and
apomorphine in a new animal model of petit maleggsly. Psychopharmacology
(Berl) 69:281-285

Kinsbourne, M. (24-5-1973) Stimulants foramsia. N Engl J Med 288:1129-

Klein, R. G., Landa, B., Mattes, J. A., andi, D. F. (1988) Methylphenidate
and growth in hyperactive children. A controlledhdrawal study.
Arch.Gen.Psychiatry 45:1127-1130

Kollins, S. H. (2008) ADHD, substance usediers, and psychostimulant
treatment: current literature and treatment gungali J Atten.Disord. 12:115-125

Kollins, S. H., English, J., Robinson, R.]li#aurton, M., and Chrisman, A. K.
(23-12-2008) Reinforcing and subjective effectsnathylphenidate in adults with
and without attention deficit hyperactivity disorddDHD).
Psychopharmacology (Berl)

Krzyzaniak, A., Krzywinska-Wiewiorowska, Mstawinska-Witoszynska, B.,
Kaczmarek, M., Krzych, L., Kowalska, M., Szilagyafgowska, |., Palczewska, 1.,
Karch, A., Josko, J., Ostrowska-Nawarycz, L., aravBirycz, T. (2009) Blood
pressure references for Polish children and adefscEur.J Pediatr 168:1335-
1342

Laurelle MD, Abi-Dargham A, and van Dyck CE906) Single photon emission
computerised tomography imaging of amphetaminegadwopamine release in
drug-free schizophrenic subjects. ProceedingseofNitional Academy of
Sciences of the USA 93:9235-9240

Ledbetter, M. (2005) Atomoxetine use assediatith onset of a motor tic. J
Child Adolesc.Psychopharmacol. 15:331-333

Lee, T. S, Lee, T. D., Lombroso, P. J., dimd), R. A. (2004) Atomoxetine and
tics in ADHD. J Am.Acad.Child Adolesc.Psychiatry:2368-1069

Leibson, C. L., Barbaresi, W. J., RansonCdlligan, R. C., Kemner, J., Weaver,
A. L., and Katusic, S. K. (2006) Emergency departhuse and costs for youth

43



79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

with attention-deficit/hyperactivity disorder: asgitions with stimulant
treatment. Ambul.Pediatr. 6:45-53

Lewington, S., Clarke, R., Qizilbash, N.,&&., and Collins, R. (14-12-2002)
Age-specific relevance of usual blood pressurearular mortality: a meta-
analysis of individual data for one million adults61 prospective studies. Lancet
360:1903-1913

Lewington, S., Clarke, R., Qizilbash, N.,&?&., and Collins, R. (14-12-2002)
Age-specific relevance of usual blood pressureastular mortality: a meta-
analysis of individual data for one million adults61 prospective studies. Lancet
360:1903-1913

Livingston, S. and Pauli, L. L. (21-7-1975¥@roamphetamine for epilepsy.
JAMA 233:278-279

Luo, S., Michler, K., Johnston, P., and Mdefae, P. W. (2004) A comparison of
commonly used QT correction formulae: the effedbh@drt rate on the QTc of
normal ECGs. J Electrocardiol. 37 Suppl:81-90

Lurie, S. and O'Quinn, A. (1991) Neuroendueriesponses to methylphenidate
and d-amphetamine: applications to attention-defiisiorder. J Neuropsychiatry
Clin.Neurosci. 3:41-50

Mannuzza, S., Klein, R. G., and Moulton, .J.IL (2003) Does stimulant
treatment place children at risk for adult substamiouse? A controlled,
prospective follow-up study. J Child Adolesc Psyaarmacol 13:273-282

Mannuzza, S., Klein, R. G., Truong, N. L.,0Nton, J. L., lll, Roizen, E. R,
Howell, K. H., and Castellanos, F. X. (2008) Agentéthylphenidate treatment
initiation in children with ADHD and later substanabuse: prospective follow-
up into adulthood. American Journal of Psychia$$:604-609

Markowitz, J. S. and Patrick, K. S. (2001afhacokinetic and
pharmacodynamic drug interactions in the treatroéattention-deficit
hyperactivity disorder. Clin.Pharmacokinet. 40:75/2

Marras, A. R., Bassareo, P. P., and Ruschki(2?009) The prevalence of
paediatric hypertension, emphasising the needdspscific population
references: the Sardinian Hypertensive Adolesdeasearch Programme Study.
Cardiol.Young. 19:233-238

Martins, S., Tramontina, S., Polanczyk, Gzirkk, M., Swanson, J. M., and
Rohde, L. A. (2004) Weekend holidays during methglpidate use in ADHD
children: a randomized clinical trial. J Child Adet.Psychopharmacol. 14:195-
206

44



89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

McAfee, A. T., Holdridge, K. C., JohannesBC.Hornbuckle, K., and Walker,

A. M. (2008) The effect of pharmacotherapy for iatiten deficit hyperactivity
disorder on risk of seizures in pediatric patiesgsassessed in an insurance claims
database. Curr.Drug Saf 3:123-131

McCarthy, S., Cranswick, N., Potts, L., TayB., and Wong, I. C. (2009)
Mortality associated with attention-deficit hypetaity disorder (ADHD) drug
treatment: a retrospective cohort study of childesfolescents and young adults
using the general practice research database. $a1182:1089-1096

Meltzer H, Harrington R Goodman R Jenkind 890) Children and adolescents
who try to harm, hurt or kill themselves. A repoftffurther analysis from the
national survey of the mental health of childred adolescents in Great Britain
in 1999.15-49

Michelson, D., Read, H. A., Ruff, D. D., Wigr, J., Zhang, S., and McCracken,
J. (2007) CYP2D6 and clinical response to atomaxsiti children and
adolescents with ADHD. J Am Acad.Child Adolesc Asgtry 46:242-251

Molina, B. S., Flory, K., Hinshaw, S. P., Ger, A. R., Arnold, L. E., Swanson,
J. M., Hechtman, L., Jensen, P. S., Vitiello, BozH, B., Pelham, W. E., Elliott,
G. R., Wells, K. C., Abikoff, H. B., Gibbons, R. ,MMarcus, S., Conners, C. K.,
Epstein, J. N., Greenhill, L. L., March, J. S., denn, J. H., Severe, J. B., and
Wigal, T. (2007) Delinquent behavior and emergingstance use in the MTA at
36 months: prevalence, course, and treatment efféé&m Acad Child Adolesc
Psychiatry 46:1028-1040

Molina, B. S. and Pelham, W. E. (2001) Subrtause, substance abuse, and LD
among adolescents with a childhood history of ADHDearn.Disabil. 34:333-
42, 351

Mosholder, A. D., Gelperin, K., Hammad, T, Rhelan, K., and Johann-Liang,
R. (2009) Hallucinations and other psychotic symE@ssociated with the use of
attention-deficit/hyperactivity disorder drugs inildren. Pediatrics 123:611-616

Muntner, P., He, J., Cutler, J. A., WildmBnP., and Whelton, P. K. (5-5-2004)
Trends in blood pressure among children and adeféscJAMA 291:2107-2113

Neuspiel, D. R. and Kuller, L. H. (13-9-19&%)dden and unexpected natural
death in childhood and adolescence. JAMA 254:13251

Nissen, S. E. (6-4-2006) ADHD drugs and cardscular risk. N Engl J Med
354:1445-1448

Noda, T., Shimizu, W., Satomi, K., Suyama,Kdrita, T., Aihara, N., and
Kamakura, S. (2004) Classification and mechanisinoofade de Pointes
initiation in patients with congenital long QT synche. Eur.Heart J 25:2149-
2154

45



100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Odgers, C. L., Moffitt, T. E., Tach, L. Msampson, A., Taylor, R. J., Matthews,
C. L., and Caspi, A. (2009) The protective effeafteaeighborhood collective
efficacy on British children growing up in deprii@at: a developmental analysis.
Dev Psychol. 45:942-957

OUNSTED, C. (13-8-1955) The hyperkineticdrgmme in epileptic children.
Lancet 269:303-311

Paavonen, E. J., Raikkonen, K., Lahti, dmKi, N., Heinonen, K., Pesonen, A.
K., Jarvenpaa, A. L., Strandberg, T., Kajantie @ad Porkka-Heiskanen, T.
(2009) Short sleep duration and behavioral symptohagtention-
deficit/hyperactivity disorder in healthy 7- to &ar-old children. Pediatrics
123:e857-e864

Palumbo, D., Spencer, T., Lynch, J., Co-ghtk, and Faraone, S. V. (2004)
Emergence of tics in children with ADHD: impactaifce-daily OROS
methylphenidate therapy. J Child Adolesc.Psychaphaol. 14:185-194

Parraga, H. C., Parraga, K. L., Harris, D.aRd Campbell, T. S. (2008)
Abdominal Tics During Atomoxetine Treatment in ail@twith ADHD:
Evaluation and Differential Diagnosis. CNS.Spet8:E1-

Parraga, H. C., Parraga, M. |., and Halri«. (2007) Tic exacerbation and
precipitation during atomoxetine treatment in twddren with attention-deficit
hyperactivity disorder. Int.J Psychiatry Med 3744}

Pesonen, A. K., Raikkonen, K., Paavoned,,BHeinonen, K., Komsi, N., Lahti,
J., Kajantie, E., Jarvenpaa, A. L., and StrandbEr¢21-10-2009) Sleep Duration
and Regularity are Associated with Behavioral Reotd in 8-year-old Children.
Int.J Behav Med

Pliszka, S. R., Matthews, T. L., BraslowJK.and Watson, M. A. (2006)
Comparative effects of methylphenidate and mixédid sanphetamine on height
and weight in children with attention-deficit/hypetivity disorder. J
Am.Acad.Child Adolesc.Psychiatry 45:520-526

Polanczyk, G., de Lima, M. S., Horta, B.Rigederman, J., and Rohde, L. A.
(2007) The worldwide prevalence of ADHD: a systamegview and
metaregression analysis. American Journal of Payghi64:942-948

Poncin, Y., Sukhodolsky, D. G., McGuireahd Scahill, L. (2007) Drug and
non-drug treatments of children with ADHD and tisatders. Eur.Child Adolesc
Psychiatry 16 Suppl 1:78-88

Poncin, Y., Sukhodolsky, D. G., McGuireahd Scahill, L. (2007) Drug and
non-drug treatments of children with ADHD and tisatders. Eur.Child Adolesc
Psychiatry 16 Suppl 1:78-88

46



111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Poncin, Y., Sukhodolsky, D. G., McGuireahd Scahill, L. (2007) Drug and
non-drug treatments of children with ADHD and tisatders. Eur.Child Adolesc
Psychiatry 16 Suppl 1:78-88

Posner, K., Oquendo, M. A., Gould, M., S¢gnB., and Davies, M. (2007)
Columbia Classification Algorithm of Suicide Assesnt (C-CASA):
classification of suicidal events in the FDA's @edc suicidal risk analysis of
antidepressants. American Journal of PsychiatrylD@56-1043

Poulton, A. (2005) Growth on stimulant metiian; clarifying the confusion: a
review. Arch.Dis.Child 90:801-806

Poulton, A. (2005) Growth on stimulant metiien; clarifying the confusion: a
review. Arch.Dis.Child 90:801-806

Poulton, A. (2006) Growth and sexual matanain children and adolescents
with attention deficit hyperactivity disorder. Cu@pin.Pediatr 18:427-434

Poulton, A. and Cowell, C. T. (2003) Slowofggrowth in height and weight on
stimulants: a characteristic pattern. J PaediaildGtealth 39:180-185

Poulton, R., Caspi, A., Moffitt, T. E., Camm M., Murray, R., and Harrington, H.
(2000) Children's self-reported psychotic sympt@mg adult schizophreniform
disorder: a 15-year longitudinal study. Arch GegdPgatry 57:1053-1058

Robertson, M. M. (2006) Attention deficitdeyactivity disorder, tics and
Tourette's syndrome: the relationship and treatnmeplications. A commentary.
Eur.Child Adolesc.Psychiatry 15:1-11

Roessner, V., Becker, A., Banaschewskii-feeman, R. D., and Rothenberger,
A. (2007) Developmental psychopathology of childagwl adolescents with
Tourette syndrome--impact of ADHD. Eur.Child Adatd3sychiatry 16 Suppl
1:24-35

Roessner, V., Becker, A., Banaschewskarid, Rothenberger, A. (2007)
Executive functions in children with chronic ticsdrders with/without ADHD:
new insights. Eur.Child Adolesc Psychiatry 16 SupBb-44

Roessner, V., Robatzek, M., Knapp, G., Bamasski, T., and Rothenberger, A.
(2006) First-onset tics in patients with attentaeficit-hyperactivity disorder:
impact of stimulants. Dev.Med Child Neurol. 48:635%

Rothenberger A, Banaschewski T, and Roed6(2007) Tic-Storungen.Dritte
Auflage:319-325

Rothenberger, A., Roessner, V., Banaschewskand Leckman, J. F. (2007) Co-
existence of tic disorders and attention-deficipémactivity disorder-recent

47



124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

advances in understanding and treatment. Eur.@litdesc Psychiatry 16 Suppl
1:1-4

Sadeh, A., Pergamin, L., and Bar-Haim, Y0@ Sleep in children with
attention-deficit hyperactivity disorder: a metaabysis of polysomnographic
studies. Sleep Med Rev. 10:381-398

Sangal, R. B., Owens, J., Allen, A. J.,&utV., Schuh, K., and Kelsey, D. (1-
12-2006) Effects of atomoxetine and methylphenidatsleep in children with
ADHD. Sleep 29:1573-1585

Scahill, L., Erenberg, G., Berlin, C. M.,, Budman, C., Coffey, B. J., Jankovic,
J., Kiessling, L., King, R. A., Kurlan, R., Lang, Mink, J., Murphy, T., Zinner,
S., and Walkup, J. (2006) Contemporary assessmerplaarmacotherapy of
Tourette syndrome. NeuroRx. 3:192-206

Schwartz, G., Amor, L. B., Grizenko, N., kag P., Baron, C., Boivin, D. B., and
Joober, R. (2004) Actigraphic monitoring duringegef children with ADHD on
methylphenidate and placebo. J Am.Acad.Child AdoRsychiatry 43:1276-
1282

Sears, J. and Patel, N. C. (2008) Developofdits in a thirteen-year-old male
following atomoxetine use. CNS.Spectr. 13:301-303

Shillingford, A. J., Glanzman, M. M., Itteaith, R. F., Clancy, R. R., Gaynor, J.
W., and Wernovsky, G. (2008) Inattention, hyperaistj and school performance
in a population of school-age children with comptexgenital heart disease.
Pediatrics 121:e759-e767

Silka, M. J., Hardy, B. G., Menashe, V.&nd Morris, C. D. (1998) A
population-based prospective evaluation of riskuafden cardiac death after
operation for common congenital heart defects. J@oth.Cardiol. 32:245-251

Sonuga-Barke, E. J., Oades, R. D., PsychpgipChen, W., Franke, B.,
Buitelaar, J., Banaschewski, T., Ebstein, R. A,,M&i, Anney, R., Miranda, A.,
Roeyers, H., Rothenberger, A., Sergeant, J., Stas¥gn, H. C., Thompson, M.,
Asherson, P., and Faraone, S. V. (2009) Dopamidesarotonin transporter
genotypes moderate sensitivity to maternal expdess®tion: the case of
conduct and emotional problems in attention dehgperactivity disorder. J
Child Psychol.Psychiatry 50:1052-1063

Sorof, J. M., Lai, D., Turner, J., Pofferder, T., and Portman, R. J. (2004)
Overweight, ethnicity, and the prevalence of hygston in school-aged
children. Pediatrics 113:475-482

Spencer, T. J., Biederman, J., Harding@Donnell, D., Faraone, S. V., and
Wilens, T. E. (1996) Growth deficits in ADHD chile revisited: evidence for

48



134.

135.

136.

137.

138.

139.

140.

141.

142.

disorder-associated growth delays? J Am.Acad.Ghkalolesc.Psychiatry
35:1460-1469

Spencer, T. J., Faraone, S. V., Biedermahether, M., Cooper, K. M., and
Zimmerman, B. (2006) Does prolonged therapy wilbng-acting stimulant
suppress growth in children with ADHD? J Am.Acadl@/dolesc.Psychiatry
45:527-537

Spencer, T. J., Kratochvil, C. J., SangaBRSaylor, K. E., Bailey, C. E., Dunn,
D. W., Geller, D. A, Casat, C. D., Lipetz, R. $ajn, R., Newcorn, J. H., Ruff, D.
D., Feldman, P. D., Furr, A. J., and Allen, A.20Q7) Effects of atomoxetine on
growth in children with attention-deficit/hyperaaty disorder following up to
five years of treatment. J Child Adolesc Psychoptzeol 17:689-700

Spencer, T. J., Newcorn, J. H., Kratoctil]., Ruff, D., Michelson, D., and
Biederman, J. (2005) Effects of atomoxetine on gncaifter 2-year treatment
among pediatric patients with attention-deficit/aggrctivity disorder. Pediatrics
116:e74-e80

Spencer, T. J., Sallee, F. R., Gilbert, DDOunn, D. W., McCracken, J. T.,
Coffey, B. J., Budman, C. L., Ricardi, R. K., LeathaH. L., Allen, A. J., Milton,
D. R., Feldman, P. D., Kelsey, D. K., Geller, D, BAinder, S. L., Lewis, D. W.,
Winner, P. K., Kurlan, R. M., and Mintz, M. (2008)omoxetine treatment of
ADHD in children with comorbid Tourette syndromeAtlen.Disord. 11:470-481

Stein, D., Pat-Horenczyk, R., Blank, S., &ggy., Barak, Y., and Gumpel, T. P.
(2002) Sleep disturbances in adolescents with sympof attention-
deficit/hyperactivity disorder. J Learn.Disabil.:368-275

Stein, M. A., Blondis, T. A., Schnitzler, [E., O'Brien, T., Fishkin, J., Blackwell,
B., Szumowski, E., and Roizen, N. J. (1996) Methglpdate dosing: twice daily
versus three times daily. Pediatrics 98:748-756

Swanson, J., Greenhill, L., Wigal, T., Kdlj S., Stehli, A., Davies, M., Chuang,
S., Vitiello, B., Skrobala, A., Posner, K., Abikpfi., Oatis, M., McCracken, J.,
McGough, J., Riddle, M., Ghuman, J., Cunninghama@d Wigal, S. (2006)
Stimulant-related reductions of growth rates inRAT'S. J Am Acad.Child
Adolesc Psychiatry 45:1304-1313

Swanson, J. M., Elliott, G. R., Greenhill LL, Wigal, T., Arnold, L. E., Vitiello,
B., Hechtman, L., Epstein, J. N., Pelham, W. E.ikaf§, H. B., Newcorn, J. H.,
Molina, B. S., Hinshaw, S. P., Wells, K. C., HoBa, Jensen, P. S., Gibbons, R.
D., Hur, K., Stehli, A., Davies, M., March, J. €onners, C. K., Caron, M., and
Volkow, N. D. (2007) Effects of stimulant medication growth rates across 3
years in the MTA follow-up. J Am Acad Child AdoleBsychiatry 46:1015-1027

Taylor, E., Dopfner, M., Sergeant, J., Asbar P., Banaschewski, T., Buitelaar,
J., Coghill, D., Danckaerts, M., Rothenberger,2onuga-Barke, E., Steinhausen,

49



143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

H. C., and Zuddas, A. (2004) European clinical glines for hyperkinetic
disorder -- first upgrade. Eur.Child Adolesc.Pswttyi 13 Suppl 1:17-30

Taylor, E., Dopfner, M., Sergeant, J., Asbar P., Banaschewski, T., Buitelaar,
J., Coghill, D., Danckaerts, M., Rothenberger,2onuga-Barke, E., Steinhausen,
H. C., and Zuddas, A. (2004) European clinical gliieks for hyperkinetic
disorder -- first upgrade. Eur.Child Adolesc Pswatiyi 13 Suppl 1:17-30

Thomas, C. R., Ayoub, M., Rosenberg, L.,&plR. S., and Meyer, W. J. (2004)
Attention deficit hyperactivity disorder & pediatrburn injury: a preliminary
retrospective study. Burns 30:221-223

Tirosh, E., Sadeh, A., Munvez, R., and LaRig1993) Effects of
methylphenidate on sleep in children with attentileficient hyperactivity
disorder. An activity monitor study. Am.J Dis.Child7:1313-1315

Torres, A. R., Whitney, J., and Gonzalezdtiep, J. (2008) Attention-
deficit/hyperactivity disorder in pediatric patisnwith epilepsy: review of
pharmacological treatment. Epilepsy Behav 12:213-23

U.S Food and Drug Administration (2005) FBI&rt: Suicidal Thinking in
Children.

Upadhyaya, H. P., Rose, K., Wang, W., O'ReuK., Sullivan, B., Deas, D., and
Brady, K. T. (2005) Attention-deficit/hyperactivitisorder, medication
treatment, and substance use patterns among aeloiesnd young adults. J
Child Adolesc.Psychopharmacol. 15:799-809

Vetter VL, Elia J, Erckson C, Berger S, BINmUzark K, and Webb CL (2008)
Cardiovascular monitoring of children and adolessevith heart disease
receiving stimulant drugs: a scientific statemeaibf the American Heart
Association Council on Cardiovascular Disease éYbung. Circulation.
117:2407-2423

Volkow, N. D. and Swanson, J. M. (2003) ¥hles that affect the clinical use
and abuse of methylphenidate in the treatment dBDAmM.J Psychiatry
160:1909-1918

Wernicke, J. F., Faries, D., Breitung, Rd &irod, D. (2005) QT correction
methods in children and adolescents. J CardiovEstrBphysiol. 16:76-81

Wernicke, J. F., Faries, D., Girod, D., Bnow., Gao, H., Kelsey, D., Quintana,
H., Lipetz, R., Michelson, D., and Heiligenstein(2003) Cardiovascular effects
of atomoxetine in children, adolescents, and adDitsg Saf 26:729-740

Wernicke, J. F., Holdridge, K. C., Jin, Edison, T., Zhang, S., Bangs, M. E.,
Allen, A. J., Ball, S., and Dunn, D. (2007) Seizusk in patients with attention-

50



154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

deficit-hyperactivity disorder treated with atomtre. Dev Med Child Neurol.
49:498-502

Wilens, T. E., Adler, L. A., Adams, J., Sdmati, S., Rotrosen, J., Sawtelle, R.,
Utzinger, L., and Fusillo, S. (2008) Misuse andedsion of stimulants prescribed
for ADHD: a systematic review of the literatureAh Acad Child Adolesc
Psychiatry 47:21-31

Wilens, T. E., Biederman, J., and Spencef1994) Clonidine for sleep
disturbances associated with attention-deficit inggtevity disorder. J Am
Acad.Child Adolesc.Psychiatry 33:424-426

Wilens, T. E., Faraone, S. V., and Biedernda(4-8-2004) Attention-
deficit/hyperactivity disorder in adults. JAMA 2%29-623

Wilens, T. E., Faraone, S. V., Biedermaradd Gunawardene, S. (2003) Does
stimulant therapy of attention-deficit/hyperactytisorder beget later substance
abuse? A meta-analytic review of the literaturedifteics 111:179-185

Wilens, T. E., Gignac, M., Swezey, A., Maauix, M. C., and Biederman, J.
(2006) Characteristics of adolescents and youngsadith ADHD who divert or
misuse their prescribed medications. J Am.AcaddCAdolesc.Psychiatry
45:408-414

Winterstein, A. G., Gerhard, T., ShusterJdhnson, M., Zito, J. M., and Saidi, A.
(2007) Cardiac safety of central nervous systemugtnts in children and
adolescents with attention-deficit/hyperactivitgalider. Pediatrics 120:1494-
el1501

Winterstein, A. G., Gerhard, T., Shusteradd Saidi, A. (2009) Cardiac safety of
methylphenidate versus amphetamine salts in thgntent of ADHD. Pediatrics
124:e75-e80

Wren, C. (2002) Sudden death in childrenadwescents. Heart 88:426-431

Yap, Y. G. and Camm, A. J. (2003) Drug iretui®T prolongation and torsades
de pointes. Heart 89:1363-1372

Young, J. (2008) Common comorbidities seeadiolescents with attention-
deficit/hyperactivity disorder. Adolesc Med State.Rev. 19:216-28, vii

51



