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Abstract: While treatment of patients with attention-deficit hyperactivity disorder (ADHD)

is based on a multimodal approach that combines medication with specific psychological
interventions, pharmacotherapy alone is generally considered an essential and cost-
effective element. This paper aims to comprehensively and critically review factors involved
in prescribing and medication use in individuals diagnosed with ADHD, focusing on the
difficulties facing patients with ADHD seeking treatment, as well as the safety and tolerability
aspects of ADHD pharmacotherapies, with particular attention on the cardiovascular adverse
events and the potential risk of misuse or diversion of ADHD medications. A comprehensive
and systematic literature search of PubMed/MEDLINE database was conducted to identify
studies published in peer-reviewed journals until 1 August 2016. Children, adolescents

and adults often encounter significant difficulties in the process of accessing specialist
assessment and treatment for ADHD as a consequence of disparities in service organization
and available treatment provision. Despite the well-established efficacy and overall safety
profile, ADHD medications are not exempt from adverse events. The cardiovascular safety of
pharmacotherapies used for treating individuals with ADHD has raised particular concerns;
however there is little evidence of serious cardiovascular adverse events, including no serious
corrected QT (QTc) abnormalities associated with stimulants, atomoxetine or a2-adrenergic
receptor agonists. Although the abuse of prescription stimulant drugs, particularly, short-
acting stimulants is a prevalent and growing problem, nonmedical use of prescription
stimulants within the clinical context is very limited. In addition, nonstimulant ADHD
medications lack any reinforcing effects and consequently any abuse potential.

Keywords: attention-deficit hyperactivity disorder, cardiovascular events, drug diversion,

pharmacotherapy, systematic review

Introduction

Attention-deficit hyperactivity disorder (ADHD)
is a complex and multifactorial neurodevelopmen-
tal disorder characterized by a persistent pattern
of age-inappropriate symptoms of inattention,
hyperactivity or impulsivity [American Psychiatric
Association, 2013; Faraone ez al. 2015]. In addi-
tion, ADHD is associated with functional impair-
ment, as well as significant personal, medical and
social complications in children, adolescents and
adults [American Psychiatric Association, 2013;
Faraone et al. 2015; Martinez-Raga er al. 2013a].
As shown in longitudinal studies, symptoms of

ADHD can persist beyond childhood in at least
two-thirds of patients [Turgay ez al. 2012]. ADHD
is a common disorder; it is estimated that ADHD
affects approximately 5-8% of children and 2.5—
4% of adults worldwide [Polanczyk er al. 2014;
Willcutt, 2012]. Along the lifespan, individuals
with ADHD have high rates of other comorbid
psychiatric disorders, including oppositional defi-
ant disorder and other conduct disorders, anxiety
and mood disorders, bipolar disorder, personality
disorders or substance use disorders [Connor ez al.
2010; Martinez-Raga er al. 2013b; Meinzer ez al.
2014; Torres et al. 2015].
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Treatment of ADHD has proven to be effective in
improving symptoms, emotional lability, and
patient functioning, generally leading to favorable
outcomes, such as improved academic or work
performance, or reduced criminality [Kooij et al.
2010; Lichtenstein ez al. 2012]. However, partly
due to methodological difficulties inherent in
comparing effect sizes across treatment trials with
divergent inclusion criteria, efficacy measures,
and designs, ADHD is an underdiagnosed and
undertreated condition, particularly in adults
[Ginsberg et al. 2014a]. The treatment of patients
with ADHD is based on a multimodal approach
that combines medication with specific psycho-
logical interventions [Kooij ez al. 2010; National
Collaborating Centre for Mental Health, 2009].
While psychotherapeutic and psychosocial inter-
ventions are effective strategies for patients with
ADHD, pharmacotherapy alone is generally con-
sidered an essential element in the management
of children, adolescents and adults with ADHD
[Canadian Attention Deficit Hyperactivity
Disorder Resource Alliance (CADDRA), 2011;
Kooij et al. 2010; National Collaborating Centre
for Mental Health, 2009]. Indeed, a substantial
body of evidence has suggested that pharmaco-
therapy is cost-effective compared with no
treatment or behavioral therapy alone among
children and adolescents with ADHD [National
Collaborating Centre for Mental Health, 2009;
Wu et al. 2012]. In addition, medication has been
found to be cost-effective when compared with
the combination of medication plus behavioral
treatment in the overall ADHD population [Wu
et al. 2012].

Stimulant medications, including amphetamine
derivatives and methylphenidate formulations
have been widely used for decades and remain as
first-line pharmacotherapies for individuals with
ADHD, but in the last 15 years several well-toler-
ated and effective nonstimulant pharmacothera-
pies have been approved for the treatment of this
disorder, including the selective noradrenaline
reuptake inhibitor atomoxetine, and the o2-
adrenergic receptor agonists guanfacine and cloni-
dine, both in extended-release (XR) formulations.
Despite the well-established efficacy and safety
profiles of the different medications approved for
the treatment of patients with ADHD, some
patients may exhibit a poor tolerability or a lack of
response to medication [Peterson ez al. 2008]. In
addition, other aspects may emerge when consid-
ering medication for patients with ADHD, such
that some patients or their caregivers may prefer

not to take pharmacological treatment [Gajria
et al. 2014], In some instances there may be con-
traindications for the different medications
[Graham and Coghill, 2008], or there may be
concerns regarding drug diversion [Martinez-
Raga er al. 2013D].

This paper aims to comprehensively and critically
review some of the factors involved in prescribing,
along with medication use in children, adolescents
and adults diagnosed with ADHD. We focus on
the barriers and difficulties facing patients with
ADHD seeking treatment, as well as the safety
and tolerability aspects of ADHD pharmacothera-
pies, with particular attention to the cardiovascu-
lar adverse events and the potential risk of misuse
or diversion of ADHD medications.

Methods

A comprehensive and systematic literature search
of the PubMed/MEDLINE database was con-
ducted to identify potentially relevant studies pub-
lished in English in peer-reviewed journals up to
1 August 2016, using the following search
terms: [“ADHD” or “attention deficit disorder”
or “attention hyperactivity disorder” or
“hyperactivity” or “hyperkinetic disorder”] and
[“guanfacine” or “clonidine” or “atomoxetine” or
“methylphenidate” or “amphetamine” or lisdexa-
mfetamine] and [“drug diversion” or “prescrip-
tion drug misuse” or “prescription drug abuse”]
or [“cardiovascular events” or “QT prolongation”
or “sudden cardiac death”]. The literature search
included clinical studies with children, adoles-
cents or adults as participants. The search was
supplemented by manually reviewing reference
lists from the identified publications. There were
no restrictions on the identification or inclusion of
studies in terms of publication status, type of pub-
lication and design type. However, abstracts of
presentations to specialist meetings and confer-
ences were not included. Titles and abstracts were
screened for inclusion/exclusion, and appropriate-
ness, and full text versions were retrieved. A flow
chart of the output generated by the literature
search is shown in Figure 1.

The long and winding road to treatment

Partly due to differences in cultural beliefs and
resource prioritization there are marked geo-
graphical disparities in service provision, as well
as in the availability and access to adequate spe-
cialist care for individuals seeking assessment

88

journals.sagepub.com/home/taw



J Martinez-Raga, A Ferreros et al.

e A
c PubMed searches (1 August 2016)
-8 183 records identified through database searching:
E [“ADHD” or “Attention deficit disorder” or “attention hyperactivity disorder” or “hyperactivity” or
'-ICS “hyperkinetic disorder”] and [“guanfacine” or “clonidine” or “atomoxetine” or “methylphenidate” or
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—
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S ’E e Non English language (n = 11)
g e e Reviews (n=72)
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?:° -] e Comments on other reports (n = 3)
'g % e Other (e.g., rating scales, focus on prescription patterns,
(0 ..% non-ADHD medication, non-humans, no medication, ...)
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—
v

66 Full-text articles retrieved for
more detailed assessment

>
=
2
180
w

»| 14 Full-text articles excluded:

e No specific cardiovascular or medication
misuse data (n = 8)
e Unfocused (n = 6)

(n=")

52 studies included in the review:

e 37 records on the cardiovascular safety of ADHD pharmacotherapies
e 15 records on the risk of misuse or diversion of ADHD medication

Figure 1. Systematic review flow chart to identify the cardiovascular safety outcomes and the potential risk of

misuse or diversion of ADHD medications.
ADHD, attention-deficit hyperactivity disorder.

and treatment for ADHD [Ginsberg er al
2014b]. However, ADHD is a costly disease
associated with a substantial economic burden
to the individual, the society and the healthcare
system [Erskine er al. 2014; Doshi er al. 2012;
Wittchen et al. 2011]. As highlighted in a sys-
tematic review of 19 United States-based studies
on costs of children/adolescents and adults with
ADHD, adequate treatment of patients with
ADHD is very cost-effective, in children and
adolescents, as well in adults [Doshi ez al. 2012].
The largest cost category for adults appears to be
productivity and income losses, while for chil-
dren the largest cost categories were related with
health care and education [Doshi ez al. 2012].
Similar findings were reported in another sys-
tematic review of studies conducted in Europe
[Le et al. 2014]. Furthermore, another European
study, using data from the Danish National

Register, suggests that children diagnosed with
ADHD have fewer hospital contacts if receiving
pharmacological treatment and that treatment,
at least to some extent, protects against criminal
behavior [Dalsgaard ez al. 2014a]. The authors
of this report highlighted the potential benefits
of investing in improving the diagnosis and
management of ADHD in the European public
health care and insurance-based systems,
because this may offset costs in sectors like edu-
cation and the justice system, as well as produc-
tivity loss in the workforce [Dalsgaard er al.
2014a]. Indeed, if focusing solely on adult indi-
viduals, ADHD is associated with increased
morbidity, as well as higher divorce rates, more
traffic violations, and negative occupational,
economic, and psychosocial functioning and
higher rates of concomitant psychiatric disorders
[Kessler ez al. 2005].
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The importance of ensuring adequate treatment
provision for individuals of all ages with ADHD is
further underscored by the results from a large
cohort study that revealed that a diagnosis of
ADHD was associated with significantly increased
mortality rates [Dalsgaard er al. 2015]. This
study, with over 32 years of follow up, included
1,922,248 individuals from the Danish National
Registry, 32,061 of them with a diagnosis of
ADHD. In this report, mortality rates for any
cause was 5.85 per 10,000 person-years in indi-
viduals with ADHD, compared with 2.21 for
those without the disorder. The higher mortality
in ADHD was primarily related with deaths from
unnatural causes, especially accidents. Moreover,
a delayed diagnosis was associated with an
increased mortality rate, as individuals diagnosed
with ADHD in adulthood had higher mortality
rates than those diagnosed during childhood or
adolescence [Dalsgaard et al. 2015].

Despite vast geographical differences in treat-
ment provision for individuals with ADHD, these
patients face common obstacles and share similar
unmet needs. Certain factors such as economic
status, sex and ethnic background are related with
the probability of seeking help or receiving treat-
ment for ADHD. Boys are up to five times more
likely than girls, and Whites are twice as likely as
African Americans of being assessed and diag-
nosed, or receiving treatment for ADHD [Bussing
et al. 2003; Eiraldi ez al. 2006]. Moreover, not
only many ADHD cases go undiagnosed and
untreated, but ADHD may also be mistaken for
other mental health problems or even missed in
the presence of psychiatric comorbidities
[Ginsberg ez al. 2014b]. In addition, patients,
particularly adults, often present poor adherence
and experience a sense of abandonment from
healthcare providers [Matheson et al. 2013].

Another barrier that young patients with ADHD
may encounter relates with the often inadequate
and uncoordinated transition from pediatric or
neuropediatric care, or from child and adolescent
mental health care to adult mental health services
[Swift ez al. 2014; Young et al. 2011]. The per-
sistence of ADHD symptoms into adulthood, as
it is the case in a majority of cases, poses several
difficulties for adult psychiatric care in view of the
frequent lack of awareness and expertise for diag-
nostic assessment, limited treatment options and
specialized facilities across Europe and in other
parts of the world [Kooij ez al. 2010]. In addition,
successful transition to adult psychiatric care often

fails due to the limited number of treatment
resources for the management of adult patients
with ADHD, and the restrictions and prohibitive
prescribing practices of approved ADHD medica-
tions for adult individuals established by regula-
tory agencies [Ginsberg ez al. 2014b; Swift er al.
2014; Young er al. 2011]. As a consequence of
a lack of adequate continuity of care, compliance
with prescribed medical interventions is low, and
subsequently adolescents and young adults with
ADHD are at a greater risk of experiencing unsafe
driving, delinquency or substance abuse, as well as
academic, social, and vocational difficulties [Kooij
et al. 2010].

Overall, amphetamine derivatives, methylpheni-
date formulations and atomoxetine are all consid-
ered first-line treatments for patients with ADHD
[National Collaborating Centre for Mental
Health, 2009; CADDRA, 2011]. While the deci-
sion about which pharmacological alternative
ought be prioritized for each patient should be
evidenced-based and rely on treatment guide-
lines, in common clinical practice such a decision
is often taken by trial and error. Nonetheless,
there are several factors that generally influence
and should be considered when choosing the ade-
quate pharmacological options, including the
need for a rapid onset of action, the patient’s age,
the predominant ADHD core symptoms, psychi-
atric comorbidity, the patient’s or the parental
expectations, attitudes and preferences towards
treatment, the risk for potentially severe adverse
effects, the concerns about medication diversion
or misuse, risk of drug-to-drug interactions, the
cost of the medication for the patient, and of
course the individual variability in the response to
treatment or adverse events [CADDRA, 2011].
Thus, adults and older adolescents may require a
longer duration of medication effects throughout
the day than children, while short-acting stimu-
lants are more likely to result in poorer adherence
and have a higher risk for diversion or abuse
[Newcorn ez al. 2007].

Safety and tolerability considerations of

ADHD medications

Medications used for the treatment of ADHD are
well-established and effective, and generally safe
and well-tolerated. However, although commonly
mild, time-limited and manageable with dose
adjustment, without the need to stop treatment,
ADHD pharmacotherapies are not exempt from
treatment emergent adverse events (TEAEs), as
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evidenced in randomized controlled trials [Aagaard
and Hansen, 2011; Adler e al. 2009; Graham and
Coghill, 2008; Upadhyaya ez al. 2015]. Indeed,
treatment discontinuation rates due to adverse
events with any of the approved medications for
ADHD are generally low [Clavenna and Bonati,
2014; Michelson et al. 2003; Sayer et al. 2016;
Weisler ez al. 2006].

The most common TEAE:s associated with stimu-
lant medications (including both methylphenidate
formulations and amphetamine derivatives), gen-
erally observed early in the course of treatment,
include difficulty falling asleep, decreased appe-
tite, gastrointestinal pain, headache, and dizziness
[Wolraich ez al. 2007]. The most common TEAEs
of atomoxetine appear to resemble those of stimu-
lant medications and generally emerge early in the
course of treatment and are frequently transient,
as is the case with stimulant medications [Clavenna
and Bonati, 2014; Upadhyaya et al 2015;
Wietecha et al. 2013]. Children, adolescents and
adults taking atomoxetine may experience head-
ache, dry mouth, dizziness, reduced appetite,
sweating, and gastrointestinal tract symptoms,
including abdominal pain, constipation, nausea
and vomiting [Garnock-Jones and Keating, 2009;
Michelson et al. 2003; Wietecha ez al. 2013], while
adult patients are more prone to experience dysu-
ria or sexual problems [Upadhyaya ez al. 2015;
Wietecha er al. 2013]. While, atomoxetine overall
is less likely than stimulants to worsen sleep prob-
lems, initial somnolence can be observed, particu-
larly if the dosage is increased too rapidly [Wolraich
et al. 2007]; however insomnia may also be expe-
rienced by adult patients taking atomoxetine
[Wietecha et al. 2013]. Likewise, the most com-
mon TEAEs associated with the o2-adrenergic
receptor agonists guanfacine-XR (GXR) and clo-
nidine-XR (CLON-XR) are somnolence, head-
ache, upper abdominal pain, fatigue, and sedation
[Hirota ez al. 2014; Martinez-Raga et al. 2015;
Ruggiero ez al. 2014]. In the long-term prospec-
tive trials of GXR and CLON-XR the most com-
monly reported TEAEs are somnolence, headache,
fatigue and abdominal pain [Martinez-Raga et al.
2015].

Cardiovascular safety of ADHD
pharmacotherapies

The cardiovascular safety of medications used for
treating patients diagnosed with ADHD, includ-
ing the risk of severe forms of arrhythmias and
sudden cardiac death has raised a lot of attention

by regulatory agencies, scientific societies, as well
as by patients and clinicians. Indeed, concerns
about the emergence of severe cardiovascular
complications or sudden unexplained death in
children, adolescents and adults receiving any of
the available pharmacological treatment for
ADHD cannot be dismissed. Nonetheless, the
published evidence arising from case series
reports, open uncontrolled studies, randomized
controlled studies and population-based studies
suggest that serious cardiovascular events that
may lead to sudden unexplained cardiac death
associated with ADHD medications are extremely
rare, and benefits of treating individual patients
with ADHD, after an adequate assessment, out-
weigh the risks [Aagaard and Hansen, 2011;
Adler er al. 2009; Cooper et al. 2011; Dalsgaard
et al. 2014b; Graham ez al. 2011; Habel ez al.
2011; Hammerness et al. 2009; Martinez-Raga
et al. 2013¢c; McCarthy er al. 2009; McCracken
et al. 2016; Michelson er al. 2003; Weisler et al.
2006; Winterstein, 2013]. Great caution is
advised when considering medication for chil-
dren, adolescents or adults with ADHD in the
presence of risk factors for cardiovascular prob-
lems, particularly those with a personal or family
history of severe cardiovascular or cerebrovascu-
lar disease, or when co-prescription with other
drugs that may increase the risk of cardiac adverse
events [CADDRA, 2011].

Stimulant medications, including methylpheni-
date formulations and amphetamine derivatives,
have been associated with statistically significant,
albeit small and generally minor and of little or
no clinical significance, increases in either sys-
tolic and diastolic blood pressure (BP, 1-4
mmHg) and heart rate (HR, 1-6 bpm) in chil-
dren and adolescents, [Arcieri ez al. 2012; Donner
et al. 2007; Hammerness er al. 2009; Martinez-
Raga et al. 2013c], as well as in adults with
ADHD [Adler et al. 2009; Martinez-Raga er al.
2013¢c; Mick et al. 2013; Weisler et al. 2005;
Weisler ez al. 2006]. Similarly, atomoxetine, like
other noradrenergic enhancing drugs, may also
cause minor but statistically significant increases
in HR and BP both in children and adolescents
[Arcieri er al. 2012; Michelson ez al. 2001] and in
adults with ADHD [Michelson er al. 2003;
Upadhyaya et al. 2015]. Increases in HR and
diastolic BP during atomoxetine treatment are
larger in poor metabolizers of this medication
[Michelson ez al. 2007]. The increases in HR and
BP, reported with stimulants and atomoxetine,
generally are observed early in treatment, more
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commonly during the initial titration phase, and
stabilize over time [Hammerness et al. 2009;
Martinez-Raga er al. 2013¢c; Upadhyaya er al.
2015]. In contrast, treatment with the a2-
adrenergic receptor agonists guanfacine and clo-
nidine, either as monotherapy or as add-on to
psychostimulants, can induce small-to-modest
and dose-dependent decreases in diastolic and
systolic BP and HR, ranging between —3 and =5
mmHg and —3 to —6 bpm, respectively [Martinez-
Raga er al. 2015]. Nonetheless, in some instances
these drugs, particularly in their immediate
release (IR) formulations, may be associated with
significant hypotension, including the risk of
orthostatic hypotension, and marked bradycardia
[Connor et al. 1999]. Tolerance to the hypoten-
sive effects usually develops in the course of long-
term treatment with o2-adrenergic agonists
[Sallee ez al. 2013].

Drug-induced sudden death is most commonly
attributed to a relatively rare form of potentially
life-threatening polymorphic ventricular tachy-
cardia, torsades de pointes (TdP), that frequently
develops with a QT-interval prolongation. Drug-
induced prolongation of the corrected QT (QT<c)
interval and TdP are relatively rare adverse events
from a wide range of drugs commonly used in
clinical practice [Roden, 2004]. As suggested by
large population-based studies that enrolled sev-
eral million patients, at therapeutic doses, pre-
scription stimulants or atomoxetine are not
associated with an increased risk of developing
ventricular arrhythmia, or other severe cardiovas-
cular adverse events, including myocardial infarc-
tion or stroke, as well as sudden cardiac death in
children, adolescents or adults with ADHD
[Cooper et al. 2011; Habel ez al. 2011; McCarthy
et al. 2009; Olfson ez al. 2012; Schelleman et al.
2011; Winterstein ez al. 2012]. In contrast, a
recent self-controlled case series analysis with
1224 patients aged 17 or younger from a health
insurance database has suggested that the relative
risk of myocardial infarction and arrhythmias is
increased in the early period after the start of
methylphenidate treatment for ADHD [Shin
et al. 2016]. To date, the only report of significant
QT prolongation associated with atomoxetine is a
case report of an 11-year-old Japanese boy who
had been treated for more than 2 years with this
medication [Yamaguchi er al. 2014]. Likewise,
the case of an 11-year-old child is the only pub-
lished report to date of myocardial infarction
associated with methylphenidate exposure [Munk
et al. 2015].

There are no reports of serious cardiovascular
adverse events, including no serious QTc abnor-
malities associated with guanfacine or clonidine,
alone or in combination with psychostimulants,
in the different multisite studies [Daviss er al
2008; McCracken et al. 2016; Ruggiero et al
2014; Wilens ez al. 2016]. This is of particular rel-
evance, as both a2-adrenergic agonists have been
approved by the United States Food and Drug
Administration for the treatment of ADHD in
children and adolescents, as monotherapy or as
adjunctive therapy in combination with stimu-
lants for those patients who failed to have an ade-
quate response with stimulants alone. Indeed, in
a comprehensive double-blind, cross-over QT
study with 83 healthy adults therapeutic and
supra-therapeutic doses (4 mg and 8 mg, respec-
tively) of guanfacine-IR revealed that neither
doses of this a2-adrenergic receptor agonist pro-
longed the QTc interval through 12 h after drug
administration [Martin ez al. 2015]. In addition, a
recent double-blind randomized trial assessed the
acute and long-term cardiovascular effects of
stimulants (d-methylphenidate-XR), guanfacine-
IR and their combination in 207 children and
adolescents with ADHD, aged 7-14 years [Sayer
et al. 2016]. The study showed that combination
therapy might attenuate the small but statistically
significant changes associated with either single
treatment. Thus, while guanfacine caused a short-
term decrease in HR, systolic BP, and diastolic
BP, and dexmethylphenidate a short-term
increase in HR, systolic BP, diastolic BP, and
QTc¢ interval during acute titration phase, combi-
nation of these two medications only was associ-
ated with an increase in diastolic BP, but had no
effects on HR, systolic BP, or QT ¢ [McCracken
et al. 2016; Sayer et al. 2016].

Cardiovascular adverse events of ADHD
medications overdose

Several reports have documented the effects of an
overdose with ADHD medications. Mild hyper-
tension and tachycardia that did not require addi-
tional treatment was described in an 8-year-old
girl following an overdose of 210 mg (8.75 mg/kg)
of methylphenidate-IR [Fettahoglu ez al. 2009].
Likewise, a transient tachycardia (132 bpm) was
the only abnormal finding following the ingestion
of 270 mg of osmotic-controlled release oral
delivery (OROS) methylphenidate by a 17-year-
old girl [Ozdemir er al. 2010]. Furthermore, in a
case-control study conducted to explore the
effects of methylphenidate overdose on the QT
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interval in a group of 23 adults with methylpheni-
date overdose (median reported dose 120 mg,
range 40-1500 mg) and a matched group of
patients with overdose of a well-established non-
cardiotoxic substance, not only were no arrhyth-
mias recorded, but there were also no significant
differences between the two groups in mean HR,
in mean QRS, or mean QT intervals [Hill er al.
2010].

There is also limited evidence of the effects of ato-
moxetine overdose. Transient tachycardia was the
only cardiovascular complication associated with
supra-therapeutic ingestion (up to 1200 mg) ato-
moxetine in a systematic chart review from poison
center encounters with a series of 17 patients,
aged 9 months to 28 years old [Lovecchio and
Kashani, 2006]. A short-term increase in HR (106
bpm) with normal BP (118/74 mmHg) was
observed in a 12-year-old boy who mistakenly was
given 180 mg of atomoxetine instead of dextroam-
phetamine [Cantrell and Nestor, 2005]. Similarly,
transient sinus tachycardia (110 bpm), but no
further electrocardiograph abnormalities were
reported in a 17-year-old female after an overdose
of 2840 mg of atomoxetine [Kashani and Ruha,
2007]. There are no reports of QTc prolongation
associated with atomoxetine overdose.

There are scattered reports of overdoses with a2-
adrenergic receptor agonist medications used for
ADHD. Depressed level of consciousness, brady-
cardia and hypotension are the most common
clinical symptoms associated with clonidine over-
dose as observed in an 11-year-old boy who took
an overdose of clonidine [Gitter and Cox, 2000],
and in a series of 16 clonidine overdoses during
an 8-year period in children aged 13 months to 8
years of age [Kappagoda et al. 1998]. The unu-
sual presentation of an extremely protracted
course of hypertension followed by prolonged
symptomatic hypotension has been documented
in a 12-year-old boy after ingesting three times his
usual dose of GXR [Fein ez al. 2013]. Similar
findings were seen in a 16-year-old female who
also presented with a prolonged QTc interval of
593 ms after taking 25 mg of guanfacine [Minns
et al. 2010].

The risk of misuse or diversion of ADHD
medication

The potential risk of medication abuse or misuse
is one of the most common recurrent worries for
both patients and practitioners when considering

pharmacological treatment for children, adoles-
cents or adults with ADHD. Indeed, both the
diversion and misuse of stimulant medications,
that is, using stimulants without a prescription, or
using higher or more frequent doses of stimulant
drugs than prescribed, is a prevalent and growing
problem among different populations of adoles-
cents and young adults, particularly among col-
lege students [Benson ez al. 2015; McCabe ez al.
2014]. A growing body of evidence, including a
systematic review [Wilens ez al. 2008] and a meta-
analysis [Benson ez al. 2015], suggests the increas-
ing misuse of stimulant medications by secondary
education and university students, both with and
without ADHD. Previous year stimulant misuse
rates have been reported to be of 5-9% among
secondary education students and of 5-35% by
university students [Wilens et al. 2008; Benson
et al. 2015]. While stimulant medication abuse
has risen in recent years in all age groups along
with increase in prescriptions for treating individ-
uals diagnosed with ADHD [Setlik er al. 2009], it
is more prevalent among those aged 12-25 years
[Kroutil er al. 2006]. Nonetheless, nonmedical
use and diversion of ADHD prescription stimu-
lants is commonly low compared with other pre-
scription medications, such as benzodiazepines or
opioid analgesics [Cassidy ez al. 2015; Novak
et al. 2016]. The most frequent source of diverted
prescription stimulants is given by a friend or
relative [McNiel er al. 2011; Novak ez al. 2007;
Novak er al. 2016]

The abuse liability of prescription psychostimu-
lants is mediated by several factors, such as the
dose, pharmacokinetic characteristics and route
of administration of the formulations, certain
individual personality and character traits, as
well as the context, expectations and motivation
of drug consumption [Clemow and Walker,
2014; Jardin er al. 2011; Martinez-Raga er al.
2013b; Swanson et al. 2011; Volkow and
Swanson, 2003; Wilens er al. 2016]. Several
studies have shown that both among college stu-
dents and among older adults, abuse of prescrip-
tion stimulants is more common among
individuals taking other psychiatric medication
or with comorbid conduct or other psychiatric
disorders, as well as among those with other
concurrent illicit drug use [Darredeau ez al
2007; Frauger et al. 2011; Jardin et al. 2011;
Wilens ez al. 2016].

Overall, particularly in high-risk populations,
short-acting stimulants should be best avoided,
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considering that prescription drugs more com-
monly abused are those with pharmacologic and
pharmacokinetic characteristics that provide a
rapid high [Bright, 2008]. Furthermore, long-
acting stimulant formulations should be used
with caution in patients at risk of stimulant abuse
or diversion, and atomoxetine or o2-adrenergic
receptor agonists, whenever available, may be
considered as first-line ADHD medications in
these cases [National Collaborating Centre for
Mental Health, 2009]. However, nonmedical use
of prescription stimulants may occur in individu-
als with and without a diagnosis of ADHD, but
the majority of students with ADHD generally
use their prescribed medication as instructed and
abuse of psychostimulants in the clinical context
is very limited [Rabiner ez al. 2009]. It has been
hypothesized that nonmedical use and diversion
of prescription stimulants may be associated
with unrecognized or untreated ADHD [Poulin,
2007]. While methylphenidate and ampheta-
mines may be self-administered by laboratory
animals and have shown subjective and reinforc-
ing effects in humans [Kollins ez al. 2009], non-
stimulant medications approved for the treatment
of ADHD, including, atomoxetine, guanfacine or
clonidine, lack any reinforcing effects and conse-
quently any abuse potential [Jasinski ez al. 2008;
Martinez-Raga et al. 2015]. However, a recent
report suggested that, although to a lesser extent
than methylphenidate, atomoxetine is used by
adults for nonmedical purposes, including recrea-
tional use [Jensen ez al. 2015].

Conclusion

Despite the major progress in the understanding
and management of ADHD along the lifespan
over the last two decades, adult patients with
symptoms of ADHD continue to experience fre-
quent barriers in the access to specialist assess-
ment and treatment [Ginsberg ez al. 2014b; Kooijj
et al. 2010]. Considering the physical and psychi-
atric comorbidities, as well as the individual, soci-
etal and health costs associated with ADHD
[Doshi er al. 2012; Dalsgaard er al. 2015], it is
highly important to improve training and raise
awareness of clinicians about ADHD symptoms
when assessing individuals seeking treatment for
various disorders, particularly in adolescents and
adults not previously diagnosed. Likewise, it is
crucial to encourage managers and healthcare
organizations to develop wider services for
patients of all ages with ADHD and improve
transition from child and adolescent to adult
treatment services.

Although ADHD medications have a well-
established efficacy and overall safety profile, these
drugs are not exempt from adverse events. While
the cardiovascular safety of ADHD pharmacother-
apies has raised concern, there is little evidence of
serious cardiovascular adverse events, including
no significant QT ¢ abnormalities associated with
stimulants, atomoxetine or a2-adrenergic recep-
tor agonists in children, adolescents and adults
[Martinez-Raga er al. 2013c; Nahshoni ez al. 2012;
Schelleman ez al. 2011; Winterstein, 2013]. In
addition, although the abuse liability of prescrip-
tion stimulant drugs, particularly, short-acting
stimulants is a prevalent and growing problem,
nonmedical use of prescription stimulants within
the clinical context is limited. Nonstimulant
ADHD medications lack any reinforcing effects
and consequently any abuse potential [Benson
et al. 2015; Wilens er al. 2008]. Overall, ADHD
medications should solely be avoided in patients
with symptomatic cardiac disease, in those with
moderate to severe hypertension, as well as in
individuals with advanced arteriosclerosis or
hyperthyroidism, and they should be used with
caution in patients with known structural cardiac
abnormalities, or in those with a family history
of severe cardiovascular problems [CADDRA,
2011]. Likewise, caution is advised when consider-
ing stimulant medication in patients with current
or past substance use disorders.
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