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Abstract

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

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



Introduction

Attention-deficit hyperactivity disorder (ADHD) @ne of the most common mental
disorders with a worldwide mean prevalence of adobif6 in children [118] and 3 %
among adults [48]. The disorder persists into ddald 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 assessnmehingervention. Guidelines help
clinicians to provide high quality care to theitipats by delivering evidence-based state
of the art management strategies. This Europeatetjoes group has contributed to the

process through previous publications [152,15]

It is widely accepted that intervention in ADHD sitab 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 partaainaprehensive treatment programme
[152,14].

There are hundreds of trials involving the ADHD gsuall of them indicating that they
are associated with a range of adverse effectathajenerally acceptable, because they
are mild and/or temporary. These have been sumedkainsother reviews: for example,
Graham and |Coghill 2008 [57] describe several desnaeing involved. These
symptoms predominantly include neurological effébesadache, dizziness, insomnia,
seizures); psychiatric effects (mood/anxiety, tpsychotic symptoms); and
gastroenterological effects including poor appetitd overlapping with possible growth
restriction. Whilst the majority of evidence adsges a similar age group and
developmental span (middle childhood and adoles)ethere are also data to inform

relative risks of prescription of stimulants andrabxetine in younger age groups [7,82]
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—which suggest greater sensitivity to emotiondbiliowing prescription of either drug -
as well as suggestions that older/adult groupscagditively impaired individuals may

also display differential risks (although these aot well evidenced).

Despite existing literature, there are residualeons that the true safety of these drugs is
not fully known.. For the most commonly used dnngthylphenidate, introduction and
licensing of the original immediate release forrmean the 1960s, and hence before
modern standards of clinical trials and post licegpsurveillance were established. Also
the introduction and regulatory approval of newsnfs of the drugs, which have been
accompanied by enhanced standards of monitoring tesulted in signals of potential
harm, raising the possibility that some of theseeask outcomes may also apply to
methylphenidate. For example, of all spontaneepsnts of adverse drug reactions in
Denmark between 1998 and 2007, drug reactions gl@ssed as ‘serious’ when reported
in 52 and 18 children taking methylphenidate amnatxetine respectively [6]. Public
and professional concern has been raised abopbtkatial for severe reactions, even
including death, and for the generation of misU$gse uncertainties make it possible
either that vulnerable children are being exposathteasonable hazard, if real risks go
undetected, or that children are being denied émetit of medication if perceived risks

are exaggerated.

We have therefore reviewed the published literaturadverse effects of the drugs that
are licensed in Europe, and most commonly usedh#treatment of ADHD or
hyperkinetic disorder. As such we have speciffoakamined: Immediate release
methylphenidate, modified release methylpheniddggamfetamine and mixed
amfetamine compounds, and atomoxetine. Severgtdite not licensed in Europe and
are either unavailable (e.g. guanfacine), or unconiynused (e.g. modafinil, clonidine
and tricyclic antidepressants). These unlicensadgwere not included in the review,
but are referred to where relevant to understanadirige recommended medications. We
have focussed on safety in children and adolesceatshe review has been additionally
informed by adult data. Meta-analysis was not tdadiecause of heterogeneity in

information reported; where quantitative data ara@lable we have used the indices



reported in the papers. In addition to addressiegublished literature we requested
information from the licence holders about unputdis safety information. The
Eunethydis ADHD Guidelines Group (EAGG) meeting wapart supported by the
pharmaceutical industry and Long-term Effect ofdP®fropic Medication in Children
Clinical Research Group of UK Mental Health Reskatetwork (including some travel
and hotel costs). In preparing for the meetingnpanies were requested to supply: Data
sent to the European Medicines Agency (EMA), abllghed papers, posters and
submitted manuscripts concerning safety issuestéin product(s) related to ADHD
treatment. Data submitted to the EMA were not gitcethe group, but the remaining
items were provided. In addition, all companiesenewrited to make a presentation at the
EAGG meeting and/or answer specific questions filmengroup. The manuscript
submitted for publication was sent to all compameomment with the decision to
revise being held by EAGG.We also consulted spistsah paediatrics, cardiology and
endocrinology; and held a series of consensus semfes, examining incidence,
causality and potential impact of risks, throughcllhwe have formulated advice to
clinicians about the frequency and severity of emwth the means of reducing harm or
reacting to adverse events if they should occure dvidence and advice will be divided

into the main different areas of concern.

1. Cardiac adverse events

The cardiac safety of drugs used to treat ADHD tiemaf 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 andlipaigcians who are aware of black box
advisory labels and advice to monitor cardiac patans may remain uncertain as to the

true risks in both cardionormal children and thedé existing risk factors.



Frequency of cardiac adverse events in treatedwanickated populations

) Sudden death in children and adolescents

In contrast to adults, sudden death occurs ongtyan the general paediatric population.
Sudden death rates range from 0.8 to 8.5/100 098gvs [108,107,172,22,33]. The
median of these published sudden death rates lafrehiis at 1.2 to 1.3/100,000/yr.
Sudden death in children and adolescents is assdaiath both known and previously
unrecognized cardiac conditions. Among young pexsath known congenital heart
disease, the highest risks of sudden death (0.2%e@e) occur with specific conditions

such as aortic stenosis [140].

In children with ADHD, the risk of death from alhgses is estimated at 58.4/100 000
patient-years [170], whereas the risksatiderunexplaineddeath is unknown. The Food
and Drugs Administration (FDA) in the USA, and HeaCanada identified 25 sudden
deaths in individuals prescribed ADHD medicatiomsrf postmarketing data between
1999 and 2003, raising concerns of a possible adgwt 12 of these individuals were in
the 1-18 years bracket. However, when the numbatent-years of prescribed
medication was incorporated into the evaluatioa,ftequency 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 [108]. Thalysis of 10 years adverse event
reporting in Denmark resulted in no sudden deattthildren taking ADHD

medications. [5] While it is recognized that adeeesents are frequently under-reported
in general, it is likely that sudden deaths in ygpimdividuals on relatively new
medications may be better reported. Death rateggaerof therapy, calculated using the
adverse events reporting system (AERS) reportpeggtription data, are equivalent for
two ADHD drugs (dexamfetamine and methylphenida@p/100,000/yr.(40). (The
accuracy of these estimates is limited howeverinstance because in moving from
number of prescriptions to patient-year figuresiagstions must be made about the
length of each prescription). It seems likely, gsinese best available data, and assuming
a 50% reporting rate, that the sudden death riskibddren on ADHD medications is

similar to that of children in general. Caveatsh® above include the observation that 2



of the 25 sudden deaths on ADHD medication occunigfd initiation of stimulant
medication. Thus, as with most therapies, an exongidrare but real risk of sudden
death cannot be completely excluded. If childhoedtds on ADHD medications are
under-reported to a greater degree than we havenasls then some incremental risk

could potentially be present.

A recently published study compared stimulant nssvbo matched groups of 564 young
people aged 7-19 years, one group who had sufferéden unexplained death, and the
other who had died as passengers in motor vehicidents [56]. Stimulant use was
found in 10 (1.8%) of the former group versus 2%0) of the latter group. The odds ratio
was reported to be 7.4 (95% ClI=1.4 to 74.9); fromch the authors conclude a possible
association of stimulant use with sudden deathe HDA, however, has suggested
caution in interpreting these findings, citing pbks methodological flaws. In addition,
the physical and mental health comorbidities asgdediwith the disorder that requires

stimulant treatments may themselves increase sheofisudden death from other causes.

In another study the incidence of sudden deathiidren prescribed ADHD drugs was
not found to be statistically different to thattire general population; but this study was
limited by its sample size [100]. As sudden deatbhildren is so rare, very large
epidemiological studies are required to adequatefynine this question. At the time of
writing, some studies of ADHD medication risk rempending, and practice should be
reassessed in the event of any new convincing dadaexample, the FDA is currently
conducting a large epidemiological study (500,0afemts) to further examine this

guestion.
i) Hypertension

The definition of hypertension in children (bloodgsure beyond the $%entile for age
and height) suggests that about 5% of children evtaghnically be hypertensive to a
level requiring investigation and possible treatt{ercluding pharmacotherapy) prior to
administration of stimulant drugs. In theory, gvehildhood population should have this

number of children receiving measures to reducie theod pressures below the'®5
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centile (and below the 8centile if there is evidence of end organ daméje In

practice, however, routine screening for and treatnof hypertension in children has not
been widely implemented as a public health standbodre. The actual values for blood
pressure at the various percentiles differs shgintlEuropean countries [70,83,97,97], so
local norms should be used wherever possible. Vemge blood pressure in children is

increasing — perhaps in part due to increased [gesa of obesity [106].

All stimulant medications and atomoxetine are régmbto cause elevations in blood
pressure [163]. While the average increases ringel to 4 mm Hg systolic and 1 to 2
mm Hg diastolic, this small average change inclymigents where the rise in blood
pressure is more significant, and there are alsmsfoowing increases above th&'95
centile in individuals taking ADHD medications. rRaategorically measured
hypertension, controlled trial data are availablegtomoxetine and indicate that
elevations above the $%ercentile are seen in 6.8 % of patients (systalic 2.8%
(diastolic) - in comparison to 3% and 0.5% respetyiof patients treated with placebo
[163]. Categorical hypertension data for methylptiate are not published so far but are
likely to be of a similar order of magnitude on thesis of the changes in mean pressures.
The patient information leaflet for methylphenidpteducts in Europe indicates that the

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

iii) Heart Rate Increases

Stimulant and non-stimulant medications are reczghio cause a small increase in heart
rate averaging 1-2 beats per minute [159,163]. aMegaging of data in clinical studies
can hide a small proportion where the incremeldriger — indeed up to 50 beats per

minute in rare cases [163].

! [http\Wwww.ema.europa.eu/htms/human/referral/Et/methylphenidate.htm]
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iv) QT interval prolongation

Prolongation of the QTc interval in individuals {laout 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 [173]. Thus
the potential effects of ADHD medications on the QtErval are important given the
concerns raised about the safety of this groupexfioations. ThaverageQTc interval

is not changed significantly by any of the drugup® (methylphenidate, mixed
amfetamine salts and atomoxetine). However, asnaied 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 iy@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 are available to r&iguy organizations but are not yet in the
public domain. Unless new data emerge for a pdaiicsubgroup, there is currently no
indication to monitor for QTc changes when stimtdaareprescribed. Finally, it should
be noted that measurement of the QTc interval iswithout difficulties, and at least 6

alternative methods of rate correction are avhel§l62,92].

QTc prolongation (and sudden death and increasad tag¢e) have been reported with
methylphenidate and dexamfetamine [108] and atotimex37]. The assessment of
sudden deaths with relation to patient-years @tinent described atomoxetine deaths at
0.5 per 100,000 patient years, and methylpheniade? per 100,000 patient years (6).
Overall, however, insufficient data exist to tradlgmonstrate any differential sudden
death risk for different drugs. A recent retrospecstudy concluded that exposure to
methylphenidate and amfetamine salts showed simsles for cardiac emergency

department visits [171].

Relative impact of cardiac risk, and mediating éast

Sudden death, whether occurring in children ortadid of course a disastrous event.

That individuals with an undetected cardiac pathpleuch as a cardiomyopathy or
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conduction problem, might as a result of ADHD matimn, have their illness at best
‘revealed’ or at worst aggravated with a potenjifdital outcome, remains to be excluded

as an extremely rare possible outcome.

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

children [21], and in the long-term even small aases of blood pressure are associated
with an increased incidence of cerebrovasculaagisén adults [89]. Other consequences
include end organ damage such as: left ventridwypertrophy, retinopathy, and
nephropathy with proteinuria. In adults a 2 mm bB\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 cansamiddle age [90].

In terms of potential mechanisms whereby ADHD matilbms may cause cardiac risk,
any persistent heart rate increases seen with ADeidment are usually very small and
unlikely to be a risk factor for exacerbation oflenlying cardiac pathology, but a less
common larger persistent rise in heart rate magréeally do so. Similarly, significant
QTc prolongation (to intervals above 470-500 mse&nown to result in a risk of
potentially fatal arrhythmias, such as Torsade diates [109].

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 risghhpotentially be increased by treatment
by drugs with pressor adverse effects — althouggheece is lacking — and sudden death
more commonly will be the first presentation of tivelerlying condition. Other risks

include pre-existing arrhythmias and channelopat{eeg. long QT syndrome).

With respect to hypertension, an elevated bloodqune before ADHD treatment or
appearing in the course of treatment, a positiv@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 hypertengiremalence of 10.7% in one study —
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in contrast to children with a BMI below 8%ercentile, who had a hypertension

prevalence of only 2.6% [142].

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

stimulant therapy in this population.

In the FDA post marketing reports, many of the tdiesdl subjects were receiving
polypharmacy, which therefore may moderate risgunfden death. Finally, cytochrome
P450 (CYP 2D6) metaboliser status has been showe gomodifying factor in the
adverse effects of atomoxetine [102].

Management of cardiac risk

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

and the making of recommendations for medicati@napy.

Congenital heart disease patients have a sligighyehn incidence of ADHD [139], and
those affected might well benefit from ADHD therept including appropriately
prescribed medication. During such treatment, ifigurh a paediatric
cardiologist/electrophysiologist may be usefulhaitgh the ADHD specialist remains the
appropriate individual to evaluate the benefit ask and make recommendations for
medication therapy in this case. In a setting wileeee may truly be a risk of sudden
death (e.g. the congenital long QT syndrome), mkfidiscussion of these aspects
between the family, ADHD specialist and paediatacdiologist or electrophysiologist

should help to refine the acceptability for theiwdial patient.

Pre-treatment checking and monitoring of pulselalindd pressure are recommended

with any ADHD medication in all patients with ADHWith frequency of monitoring
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thereafter usually arbitrarily recommended as eitheee [75] or six monthly [153], but
clearly this requirement may vary in individual eas Sustained elevated blood pressure
before or on treatment with stimulants requiregsssient and treatment. Blood pressure
should be measured prior to treatment and at eiathand 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 &&ntile, 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 doseuattn or drug holiday could be
proposed before referring to the specialist, thterdgrincipally to confirm the potential
role of the drug in the hypertensive state. Furthanagement 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 ADHPeialist and hypertension specialist

is attached.

A pulse rate consistently above 120/minute shoeld kignal for a cardiac review. New-
onset palpitations should be managed as for unatedigatients: occasional extra beats
are not necessatrily a cause for concern, but pensiachycardia could be due to
arrhythmia and needs investigation. In 2008 the Aecaa Heart Association initially
recommended ECG as a standard part of the assddameaatment for ADHD, prior to
then changing this to be at the discretion of firecian [160]. ECG screening is
however not currently considered cost-effectivagpropriate for prevention of sudden
death in the general paediatric population in Ear@p the US), for example as reported
by Denchev et al in a recent economic evaluatiah@issue [35]. The issue of ECG in
identification of at-risk individuals participatinig competitive sport (also discussed by
Denchev) is separate to the remit of this paperd-that insufficient evidence exists to
confirm the combination of ADHD medication and exse as representing an increased
risk. Our view in summary therefore is that ther@o current evidence to suggest an
incremental benefit for routine ECG assessment@fiB 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 pointlessnestf@f It is generally accepted that an
assessment of suicidality is an important partsyichiatric evaluation, either via general
enquiry or via structured rating scales such asGbkimbia suicide rating scale [122];
Suicidal thoughts are not necessarily associated avidepressive disorder. Systematic
review has indicated that there is a relationsleffpvben the presence of ADHD itself and
suicidal attempts [174] — so it should not autooaly be assumed that any suicidal
thinking or attempt is an adverse effect of medoratin terms of severity and impact,
most reports to the Multimodal Treatment StudyCsildren with ADHD (MTA)have
been of mild and transient symptoms that did nquire hospitalisation[1] There were no

completed suicides.

Frequency of suicidality reports

Suicide-related events are rarely associated WillB drug treatment. Specific figures
for stimulants are not publically available, howegammaries of product characteristic
information for methylphenidate products do contaautions about suicidality as a

possible adverse effect.

In September 2005 the United States Food and Drdigpisdistration (FDA) added a
‘black box’ warning to the product labeling of atoxetine (Eli Lilly and Co. Strattera
safety information, 2006 [online]), based on anlgsia of adverse-event data from the
atomoxetine clinical trials database, which ideetifa small but statistically significantly
increased risk of suicidal thoughts among atomagetieated children and adolescents
compared with patients in those trials taking pbeced meta-analysis of the data showed

that suicidal ideation was more frequently obsenvedinical trials among children and
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adolescents treated with atomoxetine (5/1357) coetpto those treated with placebo
(0/851), with a number needed to harm (NNH) of 2@mpared to the number needed to
treat (NNT) of 5 to achieve remission of ADHD sympis [17]. There was one suicide
attempt in the atomoxetine treated group and nopteted suicide occurred during the

trials. In adults treated with atomoxetine thereswa evidence of increased suicidal risk.

Data from population-based studies indicate thHitreported suicide-related events are
common in young people who have neither been degphavith, nor treated for, ADHD.
For example, the rate of self-harm in UK 11-15 yelals 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 childvih hyperkinetic disorder [101].
In contrast, the prevalence of suicide-related Wela in children treated with ADHD
drugs from RCTs is reported as only 0.4% [157]. M/khis 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 rawiiofde-related events in children
treated with ADHD drugs is greater than the expe¢bmckground) rate in the general

population.

Causality and factors mediating risk

Various emotional and behavioural changes are autaby described in children treated
with  ADHD medications including: anxiety, agitatiorpanic attacks, insomnia,
irritability, hostility, aggressiveness, impulsiyitakathisia (psychomotor restlessness),
hypomania and mania. These could in principle bekara 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
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with ADHD (such as depression and conduct disord®&y in themselves be associated

with an increase in the risk of suicidal ideatiowl@r 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 oioses suicidal attempt or depression.

Families and caregivers should be advised of thesl e recognize any emergence of
emotional change or self-injurious thinking; ancctimmunicate well with the prescriber

[157]. Patients being treated with ADHD drugs skioog observed for the emergence of
suicide-related events. If they do emerge in treatinconsideration should be given to
dose reduction and/or other changes in the thet@p@gimen, including the possibility

of discontinuing the medication - especially if thesymptoms are severe or abrupt in
onset, or were not part of the patient’'s presensiimptoms. 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 unclelaereTare outstanding 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 discontinuatmfmmedication
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Evidence of impact on growth, and possible causalanisms

Studies providing longitudinal data suggest thedting children with ADHD with
stimulant medication generally results in a reductn both height and weight gain
[42,124]. 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) [47,151].

Stimulant treatment does not, however, appear tedsy increase the number of
children who fall below the fifth percentile of tipepulation [41]. Effects are usually
minor, but there is substantial variability: sonmddren are completely unaffected,
whereas for others treatment results in signifigeotvth suppression. Current data
indicate that the initial effect of stimulants orogth appears to attenuate over time
[46,126,151] and early studies of the adult outcewfechildren treated with stimulant
medications have suggested that final adult hegghot affected [63,79]. Nevertheless,
follow-up periods are not yet sufficiently long emgb, 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 [117]. Smallkéffevere 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 egriaapart from an overweight
subgroup [145,146]. These two parts of the sandysire probably not yet sufficient
evidence for ruling out growth problems as an aslwveffect of atomoxetine, and indeed
there is one study describing the medication asff@ctive adjunct to weight loss in
obese women [53]. (with similar studies examinimgilgr outcomes for stimulants
[69,86])

It is possible that the effects of stimulants oovgh are dose-dependent. Significant
effects on weight and height may require averagesiof methylphenidate exceeding
1.5 mg/kg/day which are given continuously [31,1%ffects may be greater for children
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than adolescents, but overall there are too fediessuto 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 mgtiylphenidate had annual growth
rates 20.3% less than expected for height (1.3§rgrand 55.2% for weight (-1.32 kg/yr)
[150].

Causality and factors mediating risk

Reduced caloric intake and suboptimal nutrition tluappetite suppression are likely
causes of growth suppression. Hypothetically, dydegion of receptors in the growth
system could also be responsible; adaptation ejptecs could contribute to tolerance to
growth inhibition over time and to catch-up growter the medication has been
discontinued. Acute effects on growth hormone amtbptin have been observed, but do
not yet explain persisting growth deficits [20,4%],9A hypothesis that ADHD itself is
associated with dysregulated growth, either deekfe2,143] or increased [151,150]

has been put forward, but current evidence is edittory.

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. Awgncchart should be used to monitor
height, weight and appetite in all medication-teglathildren and adolescents at least 6
monthly [152]. Should growth deficits occur duritigatment, various clinical strategies
might be considered. Current data do not suppetiBp guidelines indicating what
magnitude of height or weight gain decelerationusthdrigger changes in the treatment
regimen, but simple strategies to improve nutritan be implemented. These may
include coordinating the timing of doses (e.g.gkihe first dose after breakfast) and
meals (e.g., late evening meal) and encouragingsbef high-energy, nutritious snacks.

These clinical strategies would be expected togeduowth deficits, but no studies have
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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 normalwtio percentiles and trajectory
[43,123]. Drug holidays, however, can also be pptatic for the child and family
because the ADHD symptoms will often re-emerge orsen 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 giowth delays. Decisions should be
based on the clinical considerations of the indigidpatient. If there is serious concern
about growth, referral to a paediatric endocrin@brg warranted. Criteria for referral
can follow the medical guidelines concerning neflefor short stature and consideration
of growth hormone supplementation in adults anttiobm, which are as follow [54]:
* height >1.5 SDs below the average of mother’sfatiter’'s height;
* >2 SDs below the population mean plus a 1- yeagtt velocity >1 SD below
the mean or a 1-year decrease of >0.5 SD in height
* a 1l-year height velocity >2 SDs below the mearm B-year height velocity
>1.5 SDs below the mean.

Further research is needed into the causal mechanand the long term implications of

continuous treatment from childhood to adulthoaduitimate height.

4. Sleep disturbance

As is the case for several of the other adversatsyan important initial point to make is
that sleep disturbance may be associated bothABtHD medication, and the condition

21



of ADHD itself. For example, a recent meta analy34, based on 16 methodologically
sound studies published between 1987 and 2008, exhtlat stimulant—free children

with ADHD were significantly more impaired than k&g controls in parentally reported

items of problematic behaviours around bedtimeiarte early morning. These children

were also impaired in some actigraphic and polysmraphic measures indicating

fragmented sleep and poor sleep efficiency, slasprdered breathing, and excessive
daytime sleepiness [134]. However, the pooled amlgf all data on sleep architecture
gave contradictory results about any alterationdREEM sleep and no alterations on
percentage of slow wave sleep. Some condition<eged with ADHD (such as anxiety)

can also lead to poor sleep. The effect of slegpairment differs greatly from one

individual to another, but can be distressing tthtibe child and the family and may give
rise to behavioural and learning difficulties irttlaytime [112,116]

Frequency of sleep problems:

i) Stimulants

Clinical experience suggests that psychostimulagdioation may negatively impact on
sleep, but the effects vary considerably from oat@ept to another. An observational
report suggested that some patients with ADHD bhfe ®@ get to sleep easily within just
a few hours of taking a dose of stimulant medicgtathers need an interval of up to 6 to
8 hours [28]. However a review of scientific stugli@omparing medicated and
unmedicated children describes inconsistent outspni®th for polysomnographic

measures and for parental reports [135],

In a review of subjective reports on medicated wersnmedicated children with ADHD
there were high rates @arental report of sleep problems, but few of thesze
confirmed by objective sleep data [32]. In a pbaxeontrolled cross over actigraphic
monitoring study of 44 children, sleep latency vgasilar in children with ADHD on
methylphenidate versus placebo, but total sleepatdur was shorter with

methylphenidate than placebo [137]. However a snaflon actigraphic study suggested
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that Methylphenidate does not appear to affectpsiegtterns adversely and possibly
normalizes them in patients with ADHD [155].

Sleep problems may therefore primarily be relatedADHD severity and comorbidity
and not to medication. Among individual sleep paetars, difficulty falling asleep
continues to differ significantly between childreuith or without medication after the

severity of ADHD symptoms has been controlled id&4].

i) nonstimulant medications

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 pmtysographic data [135]. Moreover,
both childrens’ diaries and parents’ reports ingidea better quality of sleep (in terms of
“getting ready in the morning”, “getting ready fdred”, “falling asleep”) with
atomoxetine, compared with methylphenidate. Bothdioations decreased night-time
awakenings, but the decrease was greater for npétrgidate. Clearly, these results from
a single study need to be replicated.

Causality and factors mediating risk

Stimulants most likely increase wakefulness viartgmpathomimetic action and as
such are used in treatment of Narcolepsy [2]. S#Vactors that may mediate the effects
of stimulant medications on sleep have been idedtif In one study, depressive
symptoms contributed significantly to the degreesleep disturbance when controlling
for ADHD diagnosis and methylphenidate treatmem8]1 Some studies assessed the
effect of stimulants given in two doses (morningl aroon). It is possible that sleep
problems may be linked to restlessness linked ¢oréibound effect more than to the
direct action of stimulants [29]. Some authors hagported that a small dose of
methylphenidate taken before bedtime can facilitakeep [72,78]. Other studies,
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however, using a third dose at the end of the dayfidd a greater sleep onset delay in

children treated with stimulants compared to une@subjects [8,149].

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 kentdefore starting medication, and if
this is a severe/significant issue, it may suggdsimoxetine as a first line choice. If
problems arise during medication, then sleep diagie® recommended. Sleep hygiene
and behaviour therapy techniques based on stimadotol, 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 origmadication; for instance, patients
taking a stimulant medication might switch to atomtine. Although Clonidine is
outwith the main focus of this paper, some evidesdsts to suggest it may be effective
in ADHD with associated sleep problems [166]. Reéamsearch has also shown that
melatonin is effective in reducing sleep-onset f@oits in ADHD children and could be

considered a reasonable therapeutic approach [19].

5. Tics and Tourette’s syndrome

In tic disorders (TD), co-existence with ADHD cam flound in about 50% of patients,
while in ADHD patients a TD is seen in about 20%tIBfigures are above the chance
rate of combination [133].The use of licensed ADHIDgs (central nervous stimulants

and atomoxetine) in the presence of tics remaibatdble. Some experts describe an
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increase in tics when drugs are given, others do 8everal Physician’s Desk
References and Drug Administration Mandates sbilera contraindication for the use of
stimulants in patients with TD [133,120] — and ewethose with only a family history of
tics. Fortunately, in recent updates this is n@éorthe case [152,57], 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 EuropeaurgBAdministration Mandates
being harmonized all over Europe, Homepage of EN2BA9).

Several recent reviews [136,131,27] indicate thiatidants are adequately safe in
patients with both ADHD and TD and should not b&reljarded when planning
treatment for ADHD in these individuals. In ternfdlee impact of TD, the psychosocial
functioning of ADHD + TD children is usually not i&ened significantly when tic
exacerbation by drugs takes place, since ADHD msrmonly the more impairing

disorder [129,130]. Rarely, stress-sensitivity nrayease, but there will usually be
enough time to come to a joint treatment decisigh families balancing the risk-

benefit-ratio

Frequency and Causality

Dopamine-receptor antagonists may decrease tiagke ditugs which increase dopamine
activity may precipitate or exacerbate tics. Tprecipitationof first-onset ticdduring
treatment with methylphenidate was found not tdlifferent from placebo (range: 0-
20%), according to a review that examined predontipahort term studies, but
included up to 4 years’ duration of monitoring [13Ihe literature omexacerbation of
pre-existing ticdy stimulants indicates that about 5-10% of casag get worse with
stimulants — independent of initial tic severityhig exacerbation, if it occurs, is fully
reversible after stimulant withdrawal or dose reahuc[113,121]. Moreover, clinical
experience suggests that with improvement of aterand self-regulation by stimulants
the control of tics may itself improve. In the canlied studies of atomoxetine, its impact
on tics was either not different from placebo oereghowed some positive effect on tic

frequency [119,147,9]. On the other hand, a feve caports have described exacerbation
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of tics during atomoxetine treatment [114,115,8381,87]. This might reflect
dopamine imbalance in certain patients, which isni@ with the theory that stimulants
might lead to further activation of an already hngmtive meso-striatal dopaminergic
system in TD, where higher doses of stimulant caimps may provoke a higher

frequency of tics.

Management of tics during ADHD treatment

Because tics are naturally waxing and waningadfien difficult to decide if a worsening
of tics is provoked by a drug. Therefore, a longrt@bservation of at least three months
is sometimes required before a clinical decisiamlea made. ADHD and TD can be
considered within the framework of an additive mdda3,16]. It follows, that the
symptoms may be treated with a separate but peagleoach, i.e. in addition to
stimulants or atomoxetine for ADHD, treatment wattitipsychotic medication may help
to reduce tics. The latter suggestion is not evaddrased, being derived from the
experiences of clinical experts only, but meanwiiteas been included in clinical
guidelines [132]. It can be assumed that the efiadic-exacerbation is similar for both
methylphenidate and dexamfetamine. For atomoxétim@gver, the situation may be
more favourable, although the negative case reparisot be neglected. For clonidine,
which is only occasionally used in Europe to tfERtand/or ADHD, but recommended
by some authors (especially where TD is the predantidisorder), [128], there exists
some evidence that it may reduce tics in frequamayseverity, as well as improve
ADHD symptoms; but on the other hand worsenindgasf mmay be seen in about a quarter

of cases [3].

6. Substance abuse, misuse and diversion

Substance use disorder (SUD) is a maladaptiverpaifenon-medical use of substances

leading to functional impairment and/or risks othex past 12 months. Substance
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dependence is differentiated from abuse by theepiesof drug tolerance, preoccupation
with drug seeking and drug taking, and continuezldespite knowledge of risks and
despite repeated attempts to stop (as opposemhpdysiise associated with various risks
and actual harms). Concurrence of ADHD and SUDble&s consistently observed for
many years and there is an ongoing debate on #&iqn whether medication treatment
of ADHD, with stimulants in particular, changes tinsk for patients to develop SUD.
Concerns exist both as to the use of stimulané&hteve 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 @sion). Findings from preclinical
research have suggested that animals exposedntalatits become “sensitized”:
Subsequent administration results in more robusaweural responses, and/or they
become more likely to self-administer drugs of a&bkager in development [81,80].

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 $]28,104] and up to 7.9 for drug
dependence [76]. Even a single symptom of ADHDamdeict disorder (CD) may be
associated with an increased risk for SUD [38]:drgptivity symptoms uniquely
contributed to subsequent initiation of all typésabstance use, to nicotine dependence,
and cannabis abuse/dependence, even after camgrtli CD, whereas impulsivity
predicted alcohol misuse [39]. Based on follow-apadrom the MTA tudy, significantly
higher rates of child-reported lifetime substanse at age 13 were reported in ADHD
patients compared to a local normative comparisonm(HRs 2.3) [103]. Probands with
ADHD who did not differ from those without ADHD iabsolute rates of SUD, still had
an earlier onset, a longer duration, and highesrat severely impairing SUD as well as
higher rates of alcohol and drug dependence tharAIHD children [26].
Correspondingly, the prevalence of childhood andlta®DHD in the substance-abusing
population has been estimated to be about 3 tinssrt the general population: for
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instance, adults with a lifetime diagnosis of caeaand/or opioid dependency show an
ADHD lifetime prevalence of 5.2%, compared to 0.8Bandividuals without SUD [11].

Do stimulants increase the risk of SUD?

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 ireduction in risk, compared to
unmedicated ADHD subjects, for subsequent drugadcwhol use disorders (HR=1.9),
with a stronger effect during adolescence (HR=t&h adulthood follow-up (HR=1.4)
[168], however when this group was re-examinedrdéu 5 years later no significant
differences were found that might represent arecifice in substance use risk [23] . The
reduction in risk might be attributable to treatrmether than stimulant medication in
particular: the MTA study found a reduction in rigk those patients treated with
behaviour therapy; medication had no effect one araie other [103]. No difference in
substance use was observed in patients with dewelofal reading disorder (but without
ADHD), previously treated with methylphenidate taiqebo for up to 18 weeks,
suggesting that neither sensitization nor proteatiffects can be related to stimulant
treatmenper se[94]. Other studies show either no influence otlgphenidate or a
reduction of risk - in one study only when stiril&reatment had been initiated before
puberty [24,45,61,73,95].

Putative mediating processes

With regard to potential mediating factors, geral®i the presence and severity of
CD/antisocial personality disorder or delinquenppear to be the moderating variables
for the risk of subsequent SUD in ADHD patientsy #imese effects are stronger than any
influence of medication [18]. In ADHD subijects,tb@enetic predisposition and
social/environmental factors interact to deternpeesistence of conduct symptoms and
antisocial behaviours [30,110,141], which are timeportant influences on substance

abuse and misuse.
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Euphoric properties and reinforcing effects of iygihenidate are associated only with
intravenous injection or nasal inhalation and nithwral administration [161]. Euphoria
is practically unknown with oral methylphenidateptgh the situation with
dexamfetamine is unclear, because of lack of stather than conflicting

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

staying awake, improved alertness) or in the cardéa SUD [158,165,169].

Prevention and Management of comorbid SUD, misasgedasersion

Early recognition and treatment perhaps combined lehger-term behaviour therapy
and/or longer-term/continuous medication treatmmaty reduce the risk for SUD in
ADHD patients. Depending on the specific situaticuryrent 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 becahgseonce-a-day administration makes
parental supervision easier to enforce. Based eclipical, short-term clinical data and
abuse liability studies, the noradrenergic compaoatodhoxetine does not appear to be
associated with risk for substance use disordetsvay well be preferred in high-risk

cases [71].

Use of cannabis is not necessarily a contraindingt prescribing stimulant medication,
and a pragmatic approach will be required. Theralhegers of cannabis, however,

should not be ignored and patients will need tavamed of these. Cocaine, however, is
likely to be a real hazard in view of its sharireprmochemical effects with dopaminergic

drugs, and the two should not be combined.

29



7. Epilepsy and seizures

Children with epilepsies show a three- to fivefblgher prevalence of ADHD than
controls [36]. Among the various psychopatholobieatures of the epilepsies, ADHD

is the most frequent comorbidity. ADHD patients édeen shown to have incidence
rates of unprovoked seizures and epilepsy as mnatwato three times greater than non-
ADHD children [66]. Although epileptic disorders@dt ~1% of the paediatric
population, the evidence base for ADHD treatmerhitdren with epilepsies is

disproportionately thin.

There are occasionally concerns that, as with gikgchotropics, ADHD medications
may lower the seizure threshold so as to causaresim 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 pharmacother@pd placebo (relative risk (RR)
for current vs non-use for methylphenidate: 0.8;fBRatomoxetine: 1.1 [99,164].
Methylphenidate has been shown to prolong the auraff kindled seizures in rats [12].
Amfetamine has the potential to both increase awledse seizure risk in animals
[58,77]. In rodents treated with atomoxetine, se#znduction occurred only with doses

several-fold higher than the highest approved dmskumans [156].

Mediating influences

Higher overall seizure rates are reported fromaatad ADHD patients with epilepsy
compared to similar but medication-treated ADHDigras [99]; it is unclear whether
this is due to a reluctance to administer ADHD roation to children at risk for epilepsy
or to risk factors mitigated by ADHD treatment (esgbstance abuse). An elevated risk
for seizures can be associated with antiepileptig {AED) polypharmacy, mental
retardation, neurologic deficits, metabolic dissasengenital anomalies, and other
developmental disorders [99]. Available evidencesdoot support an increased risk in

seizure-free ADHD-children with centro-temporallémdic) spikes [64,67].
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Differential drug effects

There is substantial evidence for short-term e€fyoaf methylphenidate in children with
epilepsies, while no negative effects on seizunesEEEG abnormalities have been
observed, and indeed there is some evidence failpedenefits in some cases
[50,59,60]. A larger systematic review did not fiemidence for meaningful
pharmacokinetic or pharmacodynamic interactioneéeh methylphenidate and AEDs
[96]. For amfetamine, effects on comorbid ADHD amilepsies are not yet
systematically evaluated. Response rates in caiss seports are disappointing, but
these reports are biased since they almost exelysiwcluded non-responders to
methylphenidate [55,111]. Amfetamine seems to lavanticonvulsant effect in patients
with nocturnal seizures and a favourable impaaimvsiness induced by AEDs
[10,49,91]. In several retrospective case sedpsents of previous methylphenidate non-
responders with epilepsy, atomoxetine showed d@agpg response rates and high
rates of discontinuation [156]. Limited evidencenir prospective case series reports in
children with epilepsy is more promising, but azse¢ increase may occur in a minority
of cases [65]. For ampfetamine and atomoxetinega&y and short term safety have yet
to be established in stimulant naive patients wifftequent seizures. As with
methylphenidate, preliminary evidence supportsatfy on ADHD symptoms and a low
seizure risk in patients with infrequent seizufsidies in children with more active

epilepsy seem justified.
Management of seizure risks

Adolescents with epilepsies are at increased askiépression and suicidal ideation [13].
During ADHD treatment, they should therefore be itaed 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 for the firstagiduring their further development.
Fatal hepatotoxicity has been reported as an egtyerare event in young epileptic
children with polypharmacy or inborn errors of nietism. Regarding the combination

of atomoxetine with antiepileptic agents that migicrease the risk for liver toxicity,
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patients should be carefully monitored clinicaByevation of liver enzymes, however, is

a poor predictor of impending hepatotoxicity.

Besides specific pharmacotherapy, it has been shioatrsymptoms of inattention,
impulsivity and restlessness in epilepsy may beawgd by non-specific interventions,
such as better seizure control, decreasing AEppbalrmacy, reducing drug
interactions, and switching to AEDs with fewer citiyie and behavioural effects [156].

8. Psychotic Symptoms

The term ‘psychosis’, as a reported adverse eigedtfined at the level of symptoms and
does not imply a full-blown psychotic disorder. Btsgtic symptoms include
hallucinations or delusions occurring in clear @ogsness, neither associated with fever
nor transitions to or from sleep. Adverse evenbrepg of ‘psychosis’ frequently also
includes symptoms of mania, hypomania and ‘agitatates’. In terms of the severity of
impact of these symptoms, most reports from the EDAlysis described below [105]

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

Data from population-based birth cohorts indichte self-reported psychotic symptoms
are common and may occur in up to 10% of 11-yedchildren [127]. 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 lobserved event rate in trials is likely to
reflect a lack of systematic assessment and regpitiere is no compelling evidence to
suggest that the observed event rate of psychgtiptoms in children treated with
ADHD drugs exceeds the expected (background) nafeel general population. In the
U.S. FDA analysis, ADHD drug overdoses did not dbote significantly to reports of

psychosis adverse events.

Psychotic symptoms are rarely associated with ALYy treatment. The United States
Food and Drugs Administration (FDA), [105], reviel#9 RCTs of ADHD drugs in
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children and found a total of 11 psychosis/manienéyduring 743 person years of
exposure with ADHD drug treatment compared to napgasis events reported with
placebo. From these data, the psychosis evenisraté8 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 sillesgce case reports in the United
States for ADHD drugs prescribed in children andltsdetween 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 demetor (prescribing frequency) is
unknown for post marketing surveillance reportsyéf assume a prescribing frequency of
3 per 100 school age children in the United Stetissresults in a rate of reported

psychosis events of 1 in 2,500 treated cases of BDH

Psychotic adverse events have been reported igiagsa with dexamfetamine,
methylphenidate, and atomoxetine. The FDA reviewDHD drug RCTs, with regard

to the ADHD drugs reviewed in this report, reportiee highest psychosis adverse event
rate with MPH (in the form of transdermal patches, currently licensed in
Europe)(13.2/100 person years) followed by dexaanfigte (2.0/100 person years) and
atomoxetine (0.8/100 person years). No psychosisrad events were reported in 11
RCTs of oral methylphenidate (immediate and modifiease) and 4 RCTs of mixed

amfetamine salts (Adderall XR).
Mediating mechanisms

Amfetamine increases synaptic release of dopamitigei mesolimbic system and is
associated with increased positive psychotic symptm patients with schizophrenia
[84]. Hence, there is a plausible neurobiologmakhanism that could link stimulant
drugs with psychotic symptoms. However, this evageall 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 biologrcdtherability to psychosis.
Interestingly, half of the US FDA post marketing\aillance reports of psychotic

symptoms occurred in young children (under agend@) would typically be viewed as
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being less vulnerable to dopamine mediated drugeed psychosis than adolescents or
adults (46).

Theoretically, at least, evidence of vulnerabit@ypsychosis in terms of a positive family
history or prior psychotic episodes may increageribk of psychotic symptoms with
ADHD drugs.

Management of risk of psychosis or mania

The evidence of an increased risk of psychotic gpmp associated with ADHD
medications is weak. Reported psychosis adversetgare rare and much less common
than the expected rate of self-reported non-clirpsgchotic symptoms in the general
child population. The impact of reported psychaslserse events in most cases is mild
and most are self-limiting. If psychotic symptodwsoccur with ADHD drugs, then they
could in very rare circumstances represent an adwinug reaction or symptom of a
psychotic disorder, but consideration should bewito the more likely possibility that
psychotic symptoms are common phenomena in chilaneinn most circumstances will
be unrelated to either ADHD drugs or a psychotsodier. Nevertheless, and in view of
potentially increased vulnerability to psychosishWDHD drugs, caution would be
appropriate when prescribing ADHD drugs to childaea young people with a family

history of psychosis or past history of psychopisedes.

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 meinét) 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 therapelaimains. 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.
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First, drug holidays anecdotally have been usedtmteract waning effectiveness after a
period of continuous use — perhaps by interrupivegdevelopment of possible tolerance
and/or the need to continually increase the dose ttme. Second, they can be used to
monitor whether medication is still effective afeeperiod of long term treatment or
whether the balance between side effects and thetiageffects is still in favour of
continued treatment. Third, they can be usedltavdhormal’ life to resume either for
activities to be undertaken without the effectsywhptom control being apparent — some
individuals prefer to not take medication to beeftiselves’, to play sport etc — or for
there to be no need to remember to take tabletallf drug holidays can be used to
control acute adverse events (e.g., poor sleepeghated appetite) and reduce their
chronic effects (e.g., reduced growth or long te@raneases in blood pressure).

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

Systematic study of these three questions seenssialip important now because not
only has consideration of drug holidays been recendad on pragmatic grounds
[152,125,44], but also because of their potentedidient use - especially as parents
(and/or patients) may often initiate drug holidaydependently without the clinical
guidance or approval [167,68,98].

Evidence for drug holidays

In the only randomised controlled trial addresdimgissue of drug holidays and ADHD
drug adverse effects, patients were randomizeéddeive either BID methylphenidate
seven days a week or five days a week and a wdeakelg holiday when placebo was

administered in a double blind design [98]. Nou@tbn in therapeutic effects on
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weekends (as rated by parents) or on the followgof school (as rated by teachers)
was found, but despite this, fewer sleep and ajgpsitie-effects were

reported. Observational studies have also focusdtielonger 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 ast®ets reported relatively small
effects of methylphenidate on overall height andgiveand a slight beneficial effect of
drug holidays — however these effects were notifstgnt [144]. In a similar study
comparing amfetamine and methylphenidate in childreated for at least one year,
small effects of drug dose were found on heightweiht but there was no effect of the

duration of treatment or the use of drug holid&8a) (
Risk-benefit balance

The risk-benefit balance of drug holidays mustaleh into account, and there are risks
attached to the intermittent cessation of treatmrfemt instance, a review of the
relationship between ADHD and burn accidents regubtthat a high proportion of
children visiting burns units had not had theiralsibse of medication on the day of the
visit [52,154]. Furthermore, the health econonusts per year to accident emergency

departments were higher when children were notvieggetheir normal medication [88].

In summary to date, and despite their theoretieakfits, 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. findirajgshe possible benefits of 5-days-a-
week administration [98] need to be replicatedpsé, longer term studies need to be
conducted using randomized and quasi-randomizdadrdeshird, 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 stied. Fifth, the predictors of drug
holiday effectiveness need to be examined. Sbehefits and costs of drug holidays

need to be assessed systematically.
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10. Issues lacking evidence and future evidence soes

A recurring theme in this paper is that there igipalar uncertainty about possible
adverse effects that are rare and severe. Theartyeime is sudden death — which, as
considered above, is so uncommon that extremedg lanmbers of subjects will be
needed to detect whether the risk is raised ablwrbdse rate in the general population.
Liver failure presents a similar uncertainty foe ttlinician: rare cases have been reported
in people taking atomoxetine. They may well be rayercommon than in the population
as a whole, but no conclusion is possible. Theaity of under-reporting, and the lack
of information about the usual prevalence of otheewnexplained liver failure, leave
real uncertainty. We can recommend only that threcthn should be vigilant for early
signs of disease — which would include persistaedtunexplained malaise as well as the
more obvious features such as jaundice, dark uoingching - 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 advant¢beohecessity 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. #@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 develogmEms is not to argue that the
effects are harmful; to the contrary, our clinieaperience of long-term medication has
not uncovered concerns of cognitive malfunctiobmin damage. Rather, it is to point to
the need for research on possible subtle chandeher for good or for ill.
Neuropsychological instruments should be develdpedst specific hypotheses about
potentially harmful effects. New techniques areesgymg that could in principle allow
prediction of individuals’ vulnerability to adversdfects. Pharmacogenomics, repeated

monitoring of blood levels of ADHD compounds, areliroimaging of the brain’s
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response to medication could all earn a placeiivicell practice. For the moment,
however, we see them as opportunities for tramslatiresearch, not recommendations

for practice.

For many clinicians, the balance of risk agairsigible benefits of treatment will be
seen as favourable in most cases, but with a célvaiathere are several areas of
uncertainty about the nature of these risks. Téwgew should help in this regard, but as
already discussed each area still requires fudlaeification from pharmaco-
epidemiology. The concept of ‘willingness to payayrhave value when applied to the
guestion of what level of adverse effects is acdgptfor a given treatment benefit for an
individual person. Responsive discussion with pasi@nd their families is important.
Monitoring should include not only the blood pragsand growth measures already
mentioned, but also common symptoms such as headaslomnia, anorexia, nausea
and emotional upsets; and any specific problemsgngein the individual patient. As
ever, the primary responsibility for ensuring tldesy of the patient lies with the
prescriber.
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