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Abstract Attention-deficit hyperactivity disorder
(ADHD) is a chronic neurodevelopmental disorder char-
acterized by persistent symptoms of inattention, hyperac-
tivity and/or impulsivity. The proportion of patients
diagnosed with ADHD receiving pharmacological treat-
ments has increased enormously in recent years. Despite
the well established efficacy and the good safety and tol-
erability profile, there is concern about the potential for
rare but serious cardiovascular adverse events, as well as
sudden cardiac death, with pharmacotherapies used for
treating ADHD in children, adolescents and adults. The
present paper aims to comprehensively and critically
review the published evidence on the controversial asso-
ciation between medications approved for treating patients
with ADHD and the risk of serious cardiovascular prob-
lems, specifically the risk of corrected QT interval (QTc)
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prolongation, and the risk of sudden cardiac death.
A comprehensive search of relevant databases (PubMed,
EMBASE and PsychINFO) was conducted to identify
studies published in peer-reviewed journals until 21 July
2012. Clinical reports, as well as retrospective or pro-
spective population-based studies with children, adoles-
cents or adults as participants, of pharmacotherapies for
ADHD reporting cardiovascular adverse events were
included. Stimulant medications for ADHD, including
methylphenidate and amphetamine derivatives, are gener-
ally safe and well tolerated. Small but statistically
significant increases in blood pressure (BP) and heart rate
(HR) are among the adverse events of stimulant treatment
in all age groups. Similarly, the non-stimulant medication
atomoxetine has also been associated with increased HR
and BP, although as is the case with stimulants, these are
generally minor, time limited and of minor clinical
significance in children, adolescents or adults. Growing
evidence suggests that these medications do not cause
sudden and unexpected cardiac death or serious cardio-
vascular problems including statistically or clinically sig-
nificant increases in QTc, at therapeutic doses in ADHD
patients across the lifespan. Small decreases in mean sys-
tolic BP, diastolic BP and HR have been observed in
studies with guanfacine-extended release (-XR) or cloni-
dine-XR, two o,-adrenergic receptor agonists, adminis-
tered alone or in combination with psychostimulants to
children and adolescents with ADHD. There are also no
statistically or clinically significant increases in QTc
associated with clonidine or guanfacine. There are no
reports of torsades de pointes clearly and directly related to
medications used for treating ADHD in patients of all age
groups. The risk for serious cardiovascular adverse events,
including statistically or clinically significant increases in
QTc, and sudden cardiac death associated with stimulants,
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atomoxetine or oy-adrenergic agonists prescribed for
ADHD is extremely low and the benefits of treating indi-
vidual patients with ADHD, after an adequate assessment,
outweigh the risks. However, great caution is advised when
considering stimulant and non-stimulant medications for
patients of any age with a diagnosis of ADHD and a per-
sonal or family history or other known risk factors for
cardiovascular disease.

1 Introduction

Attention-deficit hyperactivity disorder (ADHD) is a
complex and heterogeneous neurodevelopmental disorder
characterized by persistent symptoms of inattention,
hyperactivity and/or impulsivity [1, 2]. ADHD is the most
prevalent psychiatric disorder of childhood, but symptoms
persist into adulthood in approximately 60 % of patients
[3]. It is associated with significant impairment in psy-
chological, occupational and social functioning in the
affected individual across the lifespan [4, 5].

Despite the well established efficacy, overall good
safety and tolerability profile, and the long history of use
there is concern about the potential for rare but serious
cardiovascular adverse events, including sudden cardiac
death, of pharmacotherapies for ADHD. Drug-induced
sudden death is most commonly caused by torsades de
pointes (TdP), a potentially life-threatening, polymorphic,
ventricular tachycardia often associated with a QT interval
prolongation. The QT interval is an ECG measure that
provides an estimate of the time from the earliest ventric-
ular depolarization (the beginning of the QRS complex) to
the completion of ventricular repolarization (T wave), thus
reflecting the duration of the cardiac action potential [6].
Because the QT interval shortens with increasing heart
rates, it is usually corrected for heart rate (HR) [corrected
QT interval (QTc)]. Drug-induced QT/QTc prolongation
and TdP are relatively rare adverse effects of a wide range
of pharmacological agents commonly used in clinical
practice [7].

The present paper aims to comprehensively and criti-
cally review the published evidence on the controversial
association between medications used for treating patients
with ADHD and the risk of serious cardiovascular prob-
lems, with a particular focus on the risk of QT/QTc pro-
longation, and the risk of sudden cardiac death in children,
adolescents and adults. This is discussed in the context of
other factors that may increase the risk of these adverse
events in vulnerable individuals. The article may be of
particular relevance for researchers and clinicians, both
psychiatrists and non-psychiatrists involved in the care of
children, adolescents or adult patients with this chronic
disorder. The review is limited to licensed medications and
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therefore those most commonly used for the treatment of
children, adolescents and adults diagnosed with ADHD.
These include atomoxetine, o,-adrenergic agonists and a
number of different immediate-release (IR) and long-acting
methylphenidate and amphetamine compounds.

A comprehensive search of relevant databases (PubMed,
EMBASE and PsychINFO) was conducted to identify studies
published in English in peer-reviewed journals until 21 July
2012, using the following MESH terms and keywords:
‘ADHD’, ‘amphetamine’, ‘atomoxetine’, ‘clonidine’, ‘guan-
facine’, ‘lisdexamfetamine’, ‘methylphenidate’, ‘arrhyth-
mia’, ‘cardiac’, ‘cardiovascular’, ‘QT’, ‘sudden death’ and
‘torsade de pointes’. In addition, reference lists were scruti-
nized to identify and retrieve further relevant reports and
studies from additional sources and scientific databases. The
literature search included clinical studies/reports, as well as
retrospective or prospective population-based studies with
children, adolescents or adults as participants, of pharmaco-
therapies for ADHD reporting cardiovascular adverse events.
There were no restrictions on the identification or inclusion of
studies in terms of date of publication, publication status and
design type. However, abstracts of presentations to specialist
meetings and conferences were not included. Titles and
abstracts were screened for inclusion/exclusion, and full text
versions were retrieved.

A total of 584 records were identified through database
searches (233 from EMBASE, 226 from PubMed and 125
from Psychlnfo). Titles and abstracts were screened and a
total of 447 documents were excluded for not meeting the
criteria mentioned above. The remaining 137 documents
were considered eligible (51 from EMBASE, 54 from
PubMed and 32 from Psychlnfo); however, a further 56
duplicate reports were excluded. Therefore, a total of 81
documents identified through database searches were
included in the review.

2 Controlled and Open-Label Extension Studies
of Medications for Attention-Deficit Hyperactivity
Disorder (ADHD) and Serious Cardiovascular Events

2.1 CNS Stimulants

Since the first reports published in 1937 showing beneficial
effects of Benzedrine® (Smith, Kline and French), the
racemic mixture of levo- and dextro-amphetamine, for
hyperactive, inattentive children [8], stimulants have been
widely used and remain as first-line pharmacological
treatment for ADHD, due to their evidence-based efficacy
[4, 8-12]. Stimulants used in the treatment of ADHD
include different formulations of IR and long-acting
methylphenidate and amphetamines. Methylphenidate is
postulated to exert the therapeutic actions in ADHD by
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blocking noradrenaline (norepinephrine) and dopamine
reuptake, while amphetamines also facilitate extracellular
release of dopamine and noradrenaline, leading to an
increase of noradrenaline and dopamine levels in the pre-
frontal cortex [13, 14].

Stimulant medications are generally safe and well tol-
erated in children, adolescents and adults with a diagnosis
of ADHD. Appetite suppression and insomnia are the most
common adverse effects, but usually mild and manageable
without stopping the medication [15, 16]. Small, but
statistically significant increases in blood pressure (BP)
and HR are among the cardiovascular adverse events of
stimulant treatment, in children, adolescents and adults
[17-21]. Indeed, in a meta-analysis of the effects of various
CNS stimulants in adults with ADHD on several cardio-
vascular parameters based on data from ten placebo-con-
trolled trials conducted in a pooled sample of 2,665 adults,
the use of CNS stimulants, but not of placebo, was asso-
ciated with a statistically significant increase in mean
[standard error] HR (5.0 [0.5] vs. placebo: —0.5 [0.7]),
systolic BP (1.2 [0.4] vs. placebo: —0.9 [0.4]) and diastolic
BP (1.2 [0.3] vs. placebo: 0.2 [0.4]) [18]. These changes in
BP and HR are thought to be mediated by the sympat-
homimetic, as well as the central and peripheral catechol-
aminergic effects, of stimulant medications [22, 23].
Several very rare but potentially serious cardiovascular
adverse events have been associated with stimulant medi-
cations for ADHD (see Sects. 2.1.1 and 2.1.2) [15, 16, 24,
25].

To better characterize the cardiovascular adverse
effects, and specifically to evaluate the risks of a prolonged
QT/QTc associated with stimulants in children, adolescents
and adults with ADHD, methylphenidate- and amphet-
amine-based formulations were reviewed separately.
However, due to the recent publication of a series of large
population-based studies assessing the association of
medications used for ADHD with the risk of cardiovascular
adverse events, this emerging evidence has been reviewed
and discussed in a separate section.

2.1.1 Methylphenidate-Based Formulations

Methylphenidate, particularly in its IR formulation, has
been used for over 50 years for the treatment of individuals
with ADHD, since it first became available in the USA in
1955. Methylphenidate (p,L-threo-methylphenidate) is a
racemic mixture of p-methylphenidate and L-methylphe-
nidate. Its active enantiomer, dexmethylphenidate or
p-threo-methylphenidate (Focalin®; Novartis Pharmaceu-
ticals), was approved by the US FDA in November 2001
for the treatment of ADHD [26]. Methylphenidate formu-
lations can be IR (Ritalin®; Novartis Pharmaceuticals),
with a duration of effect of 3—5 h, and extended release

(XR), sustained release (SR), modified release (MR) and
controlled delivery (CD) compounds, with a duration of
action of up to 8 h (e.g. Equasym XL®; Shire Pharma-
ceuticals, Medikinet XL®; Flynn Pharma Ltd or Metadate
CD®; UCB Pharma Inc.), as well as the Osmotic-controlled
Release Oral delivery System (OROS) [Concerta®; Janssen
Pharmaceuticals, Inc.], and the XR Spheroidal Oral Drug
Absorption System (SODAS) [Focalin XL®; Novartis
Pharmaceuticals], with a duration of effect of up to 12 h
that allows for once-a-day dosing [2, 12]. The latter is also
possible with the methylphenidate transdermal system
(Daytrana®; Shire Pharmaceuticals). Although there are
significant differences in the absorption rate and other
pharmacokinetic parameters between dexmethylphenidate,
the methylphenidate transdermal system and the rest of the
methylphenidate formulations, they all show similar ther-
apeutic properties and adverse effect profiles [27].

Minor but statistically significant changes in systolic BP
(3.3 mmHg), diastolic BP (1.5 mmHg) and HR (3.9 bpm)
were observed over a l-year period in a sample of 432
children with ADHD aged 6-13 years participating in an
open-label extension trial of methylphenidate-OROS
18-54 mg [28].

Among adult patients with ADHD, small, but statisti-
cally significant increases in systolic BP (3.5 £ 11.8
mmHg), diastolic BP (4.0 £ 8.5 mmHg) and HR
(4.5 = 10.5 bpm) were reported in a randomized, 6-week,
placebo-controlled, parallel-design study of methylpheni-
date-OROS in 141 subjects with ADHD [29]. Similar
findings were reported in another 24-week, double-blind,
placebo-controlled, multicentre study of methylphenidate-
XR (up to 60 mg/day) in 359 adult individuals with ADHD
[30]. A statistically significant increase of HR (5 bpm) at
week 4 was reported in the methylphenidate-XR group,
while an increase in systolic BP was not significant (3 bpm
at endpoint) and there was no change in diastolic BP. In a
further 7-week, double-blind, placebo-controlled trial of
methylphenidate-OROS (up to 108 mg/day) with 226 adult
patients with ADHD, no serious treatment-emergent
adverse events and no deaths were reported, but in patients
receiving methylphenidate-OROS minor increases in HR
(+3.6 bpm) and diastolic BP (+1.1 mmHg) and minor
decreases in systolic BP (—1.2 mmHg) were documented
[31]. In addition, significantly more patients taking meth-
ylphenidate-OROS compared with placebo had a HR
>100 bpm (7 vs. 2 %) and a diastolic BP >90 mmHg (10
vs. 3 %), and a higher, but non-significant, proportion of
patients in the methylphenidate-OROS had a systolic
BP >140 mmHg (8 vs. 6 %).

Long-term safety of methylphenidate-OROS in adults
(up to 108 mg/day) has been explored in a multicentre,
open-label, dose-titration, flexible-dose study in 550 sub-
jects that completed their 6 or 12 months of
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pharmacological treatment, reporting modest increases
from baseline to endpoint in mean systolic (2.6 mmHg)
and diastolic (1.9 mmHg) BP and HR (4.1 bpm) [32].

Cardiac arrhythmias have only rarely been reported with
methylphenidate treatment. In a study of borderline per-
sonality disorder, two of eight patients developed unifocal
premature ventricular contractions following intravenous
administration of methylphenidate [33]. Neither patient had
prior arrthythmias, but these developed within 5-6 min of
the onset of methylphenidate infusion. Similarly, the
development of ventricular tachycardia (180 bpm) was
reported shortly after administration of oral methylpheni-
date (5 mg twice daily) in a 60-year-old male patient, with
no known prior arrhythmia, who was taking the antihy-
pertensive guanethidine [34]. Recently, the development of
significant cardiovascular complications has been descri-
bed in three children taking methylphenidate-OROS for
ADHD [35]. Of these three cases, from a clinic of 720
patients, one subject experienced supraventricular tachy-
cardia, whilst the remaining two presented with hyperten-
sion and self-limited sinus tachycardia. In contrast, there
are no strong data to suggest that methylphenidate increa-
ses the QT/QTc. In a small study, concomitant adminis-
tration of methylphenidate and antipsychotic medication in
very young children was not associated with significant
alterations of the QT interval [36].

Overdose of methylphenidate may hypothetically result
in over-stimulation of the CNS and excessive sympat-
homimetic effects, which may manifest as tachycardia,
palpitations, cardiac arrhythmias and/or hypertension. In a
study specifically conducted to assess the effects of meth-
ylphenidate overdose on the QT interval, 23 adults who had
taken up to 1,500 mg of methylphenidate were identified
retrospectively and compared with a control group of
subjects, matched for sex and HR, with acetaminophen
overdose, a known non-cardiotoxic substance [37]. No
arrhythmias were recorded in the individual ECGs, which
revealed no significant differences between both groups in
mean QT or QRS intervals, therefore suggesting that
methylphenidate overdose is unlikely to have substantial
effects on the QT interval or to provoke potentially life-
threatening arrhythmias. Similarly, in isolated and inde-
pendent case reports of two adolescent girls taking an
overdose of long-acting methylphenidate, no significant
cardiovascular adverse events other than slight hyperten-
sion, and sinus tachycardia were identified [38, 39]. In
addition, in a study that evaluated short- and long-term
cardiovascular safety of relatively high doses of methyl-
phenidate-OROS (up to 1.5 mg/kg) in a sample of 114
adolescents with ADHD, 57 of whom completed 6 months
of treatment, there were no statistically or clinically sig-
nificant changes in ECG variables, as well as no serious
adverse cardiovascular effects during the study period [40].
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Nonetheless, there are reports of ST elevation and myo-
cardial infarction (MI) in isolated cases of methylphenidate
overdose [41].

2.1.2 Amphetamine-Based Formulations

Amphetamines include a variety of compounds. Amphet-
amine itself, first synthesized in 1887, has two stereoiso-
mers, levo- and dextro-amphetamine, the latter one being
FDA approved for the treatment of ADHD in IR and SR
formulations. Other compounds in this group currently
licensed in some countries including the USA, include IR
and XR formulations of d-amphetamine sulphate (Dextro-
stat®; Shire Pharmaceuticals, or Dexedrine® and Dexedrine
spansules®; Amedra Pharmaceuticals), and mixed d- and
l-amphetamine salts (MAS-XR) [Adderall® and Adderall
XR®; Shire Pharmaceuticals], d-methamphetamine salts
(Desoxyn®; Ovation Pharmaceuticals) and the long-acting
lisdexamfetamine dimesylate (Vyvanse®; Shire Pharma-
ceuticals), a prodrug of dextroamphetamine.

Despite the growing evidence suggesting that amphet-
amines do not cause statistically or clinically significant
increases in QTc or in sudden and unexpected cardiac
death at therapeutic doses [42], amphetamine-class drugs
have been involved for decades with serious cardiovascular
problems including sudden cardiac death [43]. However,
most cases [43—45], but not all [46], refer to problem drug
users most commonly abusing amphetamine compounds in
combination with other substances, such as alcohol and/or
nicotine.

Short- and long-term term cardiovascular effects of
MAS-XR have been explored in several randomized pla-
cebo-controlled trials. In the first of these studies, that
included a 6-month, open-label extension study, cardio-
vascular effects of MAS-XR were assessed in 327 other-
wise healthy adolescents with ADHD [47]. There were no
statistically significant differences in mean systolic and
diastolic BP and in the QTc at 4 weeks between MAS-XR
and placebo groups. No subject had a systolic BP
>150 mmHg or a diastolic BP >100 mmHg during the
short-term double-blind study, whilst mild but significant
HR increases of 5.0 and 8.5 bpm were documented at
endpoint with MAS-XR 20 and 50 mg/day, respectively
(»p <0.002). During the 6-month follow-up extension
study no serious cardiovascular adverse events emerged,
with minor but significant increases in systolic BP
(1.7 mmHg; p = 0.0252) and HR (4.4 bpm; p < 0.0001)
and no changes in diastolic BP (0.6 mmHg). A statistically
significant, but negligible decrease in QTc (—4.6 +
19.9 ms) was also reported; no subject had a QTc >500 ms
during long-term treatment. No statistically significant
differences in changes in BP, HR and QTc were noticed
between children receiving MAS-XR or placebo in another
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4-week, double-blind, randomized, controlled study of
once-daily MAS-XR with 580 otherwise healthy children
[17]. At the end of the 2-year, open-label extension study,
which included 568 of the original sample, treatment with
MAS-XR was associated with increases in BP (systolic:
3.5 mmHg; diastolic: 2.6 mmHg) and HR (3.4 bpm) that
were not clinically significant. In addition, 2 % (11/568) of
the sample had a diastolic BP >90 mmHg, and 9 % (50/
568) had a systolic BP >130 mmHg at some point during
follow-up.

Similarly, in a large, prospective, open-label, non-
comparative, community-based study with 2968 children
aged 6-12 years followed-up for up to 15 months, once-
daily MAS-XR (up to 40 mg/day) was not associated with
clinically significant changes in systolic or diastolic BP, or
HR [48]. In this study, nine patients (0.3 %) had moderate
or serious cardiovascular adverse events, five of which
were probably related to MAS-XR, and seven patients
(0.2 %) discontinued MAS-XR due to cardiovascular
adverse events. In addition, approximately 2.5 % of chil-
dren had two consecutive systolic or diastolic BP values
>95th percentile for age, sex and height, and 3.6 % of the
sample demonstrated a HR >110 bpm.

The long-term cardiovascular effects of MAS-XR (up to
60 mg/day) have also been specifically assessed in adults
with ADHD. In a 24-month open-label study with 223 adult
patients, small but statistically significant, albeit not clini-
cally significant, increases in diastolic BP (1.3 £+ 9.2 mmHg;
p = 0.042), systolic BP (2.3 £ 12.5 mmHg; p = 0.006) and
HR (2.1 £ 13.4 bpm; p = 0.019) were reported at endpoint
[49]. Additionally, a minor, but significant increase in QTc
(7.2 ms; p < 0.001) was observed at 24 months, although no
subject had a QTc >480 ms.

2.1.2.1 Lisdexamfetamine Dimesylate Lisdexamfetamine
is a prodrug of dextroamphetamine approved for the
treatment of children and adults with ADHD. It is a ther-
apeutically inactive molecule covalently bound to the
naturally occurring, essential amino acid lysine, but after
oral ingestion it undergoes enzymatic hydrolysis and is
activated during first-pass metabolism to dextroamphet-
amine, which is responsible for its therapeutic actions [50,
51]. This amphetamine-based psychostimulant has a
unique pharmacokinetic profile that allows for once-daily
dosing and may provide additional safety by reducing
abuse potential [50, 52]. The most common adverse events
of lisdexamfetamine include appetite suppression, insom-
nia, upper abdominal pain, dry mouth and headache [52].

Small mean increases in HR (2-3 bpm with lis-
dexamfetamine vs. 1 bpm with placebo) and negligible
changes in BP were reported in a 4-week, placebo-con-
trolled trial of 314 adolescents [53]. Although no overall
clinically meaningful trends in ECG changes were noted

with lisdexamfetamine, two patients, both taking 70 mg/day,
discontinued lisdexamfetamine after 1 week due to increased
QTc.

The short-term cardiovascular safety of lisdexamfeta-
mine has been specifically assessed in a 4-week, random-
ized, controlled, clinical trial in 420 medically healthy
adults with ADHD that showed that lisdexamfetamine was
associated with limited and modest increases in HR or BP,
and no meaningful effects on ECG parameters such as QRS
interval or QTc [54]. Compared with placebo, there were
no statistically significant differences in systolic or dia-
stolic BP mean changes from baseline to endpoint for each
lisdexamfetamine dose group, whilst changes in HR from
baseline to endpoint were 0.0, 2.8, 4.2 and 5.2 bpm in the
placebo group and lisdexamfetamine 30, 50 and 70 mg/day
groups, respectively (p < 0.05, all lisdexamfetamine
groups vs. placebo). In post-hoc outlier analyses, 21 sub-
jects in the lisdexamfetamine groups (none in the placebo
group) met outlier criteria for HR (HR >100 bpm, at clinic
visits) at least once during the study (p < 0.05 for lis-
dexamfetamine 50 mg vs. placebo only). In addition, two
subjects receiving placebo, five in the 30 mg/day lis-
dexamfetamine group, and one in the 70 mg/day group had
QTec intervals of 451-480 ms during the study, but there
were no QTc interval readings of >480 ms across all study
visits and none of the subjects had changes in QTc from
baseline of >60 ms. Cardiopulmonary effects of lis-
dexamfetamine were further explored in a 6-month open-
label study with 15 adults meeting DSM-IV criteria of
ADHD that did not detect any significant changes in car-
diac structure and function [55]. Overall, these data high-
light the limited cardiovascular adverse events associated
with lisdexamfetamine in otherwise healthy adult individ-
uals with ADHD.

2.2 Atomoxetine

Atomoxetine (Strattera®; Eli Lilly and Company) is a
selective noradrenaline reuptake inhibitor, originally
developed as an antidepressant. Atomoxetine exhibits a
high affinity for noradrenaline transporters, leading to the
selective inhibition of presynaptic noradrenaline reuptake
and an increase of noradrenaline levels in areas of known
high distribution of noradrenergic neurons, such as the
prefrontal cortex [56, 57]. Following the results of several
randomized, placebo-controlled trials showing its efficacy
in treating children, adolescents and adults with ADHD
[58-60], atomoxetine was the first non-stimulant drug
approved for the treatment of ADHD.

Atomoxetine is generally well tolerated in patients with
ADHD. The most frequent adverse events of atomoxetine
tend to appear early in the course of treatment and subse-
quently subside. These include dry mouth, nausea,
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constipation, decreased appetite, dizziness, sweating, dys-
uria, sexual problems and insomnia [61-64]. Atomoxetine
carries a risk of drug-drug interactions due to its cyto-
chrome P450 (CYP) 2D6 metabolism, but it remains to be
established how this impacts the overall efficacy, safety
and tolerability of the drug. Whilst some studies have
reported that atomoxetine (in doses up to 1.8 mg/kg/day)
appears to have comparable efficacy and safety in CYP2D6
extensive and poor metabolizers [65], other studies have
suggested greater efficacy, greater increases in cardiovas-
cular tone and some differences in tolerability in poor
metabolizers compared with extensive metabolizers [66].
Indeed, a pooled analysis of poor and extensive metabo-
lizers from two open-label studies of atomoxetine in chil-
dren and adolescents with ADHD revealed marginally
better efficacy scores and a 4.0 bpm greater increase in
mean HR, but otherwise comparable safety profiles,
including no differences between groups in changes from
baseline in QTc [65]. In contrast, another report found
significantly greater reductions in mean symptom severity
scores and significantly greater increases in HR and dia-
stolic BP (p < 0.001) at endpoint in poor metabolizers
compared with extensive metabolizers (p < 0.05) [66].
Moreover, in a recent placebo-controlled study specifically
evaluating the effects of atomoxetine (20 and 60 mg twice
daily) on the QT interval in healthy CYP2D6 poor
metabolizers [67], although atomoxetine was not associ-
ated with a clinically significant change in QTc on day 7
compared with baseline (2.2 and 4.2 ms increase for the 20
and 60 mg twice-daily doses, respectively), there was a
statistically significant increase in QTc with increasing
atomoxetine plasma concentrations.

Like other non-stimulant drugs with noradrenergic
properties [68, 69], atomoxetine may increase HR and BP.
Changes in these cardiovascular parameters, albeit statis-
tically significant, are generally small, more likely to occur
early in treatment, stabilize over time and gradually
decrease on cessation of atomoxetine treatment [42, 59, 61,
62, 70].

In a meta-analysis of six randomized, double-blind,
placebo-controlled clinical trials (of 6-9 weeks duration)
of atomoxetine in paediatric populations with ADHD,
comprising a pooled sample of 280 younger children (aged
67 years) and 256 older children (aged 8-12 years),
respectively, atomoxetine was associated with a statisti-
cally significant increase in mean [SD] HR for both
younger (8.7 [12.7] bpm vs. placebo: 1.0 [13.7] bpm;
p = 0.001) and older (6.8 [11.7] bpm vs. placebo: 0.6
[11.3] bpm; p < 0.001) children [61]. Similarly, a statisti-
cally significant increase in systolic BP (2.1 [9.8] mmHg
vs. placebo: 0.3 [8.1] mmHg; p = 0.034) and diastolic BP
(2.9 [8.2] mmHg vs. placebo: 0.6 [8.0] mmHg; p = 0.002)
was observed for older, but not for younger children. There
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were no significant differences between the age groups or
significant treatment-by-age-group interaction for mean
QTc (younger group: atomoxetine, —1.0 [21.1] ms; pla-
cebo, 0.7 [16.3] ms; older children: atomoxetine, —0.9
[18.1] ms; placebo, —1.1 [17.5] ms).

With regard to adult patients, atomoxetine was associ-
ated with modest increases in BP and HR in two identical
randomized, double-blind, placebo-controlled studies con-
ducted concurrently at 17 and 14 outpatient sites in the
USA, with 280 (study I) and 256 (study II) adult individ-
uals diagnosed with ADHD, respectively [59]. No serious
safety concerns were observed in either study. Atomoxe-
tine was associated with modest increases from baseline in
diastolic BP (2.3 [8.1] and 1.2 [9.0] mmHg for atomoxetine
vs. 0.5 [7.8] and 0.6 [7.7] mmHg for placebo, in study I
and study II, respectively), systolic BP (2.3 [11.1] and 3.5
[10.6] mmHg for atomoxetine vs. —0.8 [9.8] and 0.9
[11.1] mmHg for placebo, in study I and study II, respec-
tively), as well as HR (mean [SD] change in bpm: study I:
atomoxetine 6.7 [11.6] vs. placebo —0.5 [9.3] bpm,
p < 0.001; study II: atomoxetine = 3.8 [10.2] vs. placebo
—0.1[9.6] bpm, p = 0.002).

The potential risk for QT/QTc prolongation and the
development of serious cardiac arrhythmias, such as TdP,
associated with atomoxetine is controversial. Following
post-marketing spontaneous reports of a QT/QTc pro-
longation in patients taking atomoxetine, the atomoxetine
prescribing information was modified to include this
reaction, although due to the voluntary nature of the
report, the number and characteristics of affected indi-
viduals remain uncertain, and a causal relationship to
drug exposure cannot be established [71]. However, there
is no consistent evidence of a prolonged QT/QTc or
other serious cardiovascular problems, as well as no
reports of sudden death associated with atomoxetine, at
therapeutic doses, as evaluated in large clinical trials
[61-63, 70, 72, 73], or in population-based studies [74].
Nonetheless, in a large post-marketing surveillance study
with 2544 patients (median age 12 years), conducted to
quantify and examine reports of cardiac events during
treatment with atomoxetine in the UK, there were 14
patients (0.6 %) with chest pain, 7 patients (0.3 %) with
arrhythmia, 22 patients (0.9 %) with tachycardia and 4
patients (0.2 %) with QT prolongation during treatment,
whilst one patient (aged 7 years) had a cardiac arrest
[75]. Finally, no clinically significant alterations in QT
dispersion, systolic and diastolic BP, HR, QTc and left
ventricular systolic functions were documented during a
prospective 5-week treatment study conducted to assess
the changes in cardiovascular functions and QT interval
dispersion on the surface ECG of children aged
8—14 years with ADHD without structural cardiac
disease [76].
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Several case series with 17 [77], 40 [78] and 43 [79]
patients of all age groups from poison centre encounters
following accidental or intentional atomoxetine overdoses
coincided in concluding that no clinically significant car-
diovascular effects requiring direct intervention were
detected. Furthermore, in these reports, atomoxetine over-
doses were not associated with significant arrhythmias
beyond transient tachycardia. In contrast, two independent
case reports showed a marked QTc prolongation following
an acute atomoxetine overdose [80, 81]. However, in both
cases, atomoxetine was combined with other complex
pharmacotherapies with either inhibitory effects on human
Ether-a-Go-Go-Related Gene (hERG) channels or on
CYP2D6 activity. Similarly, an isolated case of a massive
atomoxetine overdose resulted in CNS and cardiac toxicity
as evidenced by tonic-clonic seizures and a QT prolonga-
tion of 93 ms without any additional complications and
otherwise full recovery within 24 h of hospitalization [82].
These apparently conflicting findings appear to be sup-
ported by an experimental study that demonstrated a dose-
dependent blockade of the hERG by atomoxetine, therefore
providing theoretical cellular explanation of proarrhythmic
potential of this ADHD medication [83]. Furthermore,
although the risk of atomoxetine-induced QT prolongation
may be negligible at therapeutic doses, these data may
explain the isolated cases of QT prolongation with ato-
moxetine overdose. The hERG encodes the o-subunit
underlying the delayed rectifier potassium current (Ig,),
which is one of the most important components of cardiac
repolarization [84, 85]. Inhibition of the Ik, underlies the
cardiac adverse effects of practically all pharmacological
agents and may result in drug-induced QT/QTc prolonga-
tion and facilitate the development of TdP.

2.3 op-Adrenergic Agonists

In addition to the primary indication as antihypertensive
agents, o,-adrenergic receptor agonists have been investi-
gated and used in the treatment of a variety of childhood
and adult psychiatric disorders, including migraine, Tou-
rette’s syndrome, nicotine dependence, opiate withdrawal
symptoms and ADHD [86-89]. Although the precise
mechanism of action of clonidine and guanfacine in the
treatment of ADHD is not fully understood, these o,-ago-
nists are thought to act directly by mimicking noradrena-
line effects at aa-adrenoceptors in the prefrontal cortex,
therefore improving prefrontal cortical cognitive functions
at the cellular and behavioural levels [90, 91]. Common
adverse events of a,-adrenergic agonists, generally tran-
sient, include somnolence, dizziness, drowsiness, fatigue
and headaches [92]. These drugs are associated with sig-
nificant cardiovascular effects, such as hypotension,
including the risk of orthostatic hypotension, and

bradycardia [87]. Guanfacine causes less sedation and is
not as potent in decreasing BP than clonidine, probably
related to the differences in receptor affinities between both
drugs [93]. Whilst guanfacine reportedly binds more
preferentially to postsynaptic o,s-adrenergic receptors,
clonidine shows high affinity for all three subtypes of
ap-receptors (A, B and C), as well as for imidazoline
receptors [94]. Following long-term treatment, tolerance to
the hypotensive effects develops, and abrupt withdrawal
rebound hypertension may occur [19, 95].

2.3.1 Clonidine

Clonidine, as monotherapy or adjunctive therapy, has been
used off-label and is reported to be efficacious in treating
ADHD symptoms in children and adolescents with or
without co-morbidities [92]. To overcome the fluctuating
pharmacokinetics of oral clonidine-IR [96], an XR for-
mulation of clonidine (clonidine-XR) [Kapvay®; Shionogi
Pharma Inc.] was developed and recently approved by the
FDA for the treatment of ADHD in children and adoles-
cents, as monotherapy or as adjunctive therapy to stimulant
medications. Clonidine-XR, used alone or in combination
with methylphenidate, appears safe and well tolerated in
children and adolescents with ADHD as reported in ran-
domized, double-blind, placebo-controlled studies [97, 98].
Furthermore, cardiovascular outcomes appear to be unaf-
fected by clonidine and methylphenidate interactions [99].

ECG changes in QT, QRS and PR intervals, described as
lacking clinical significance, were reported in an 8-week,
placebo-controlled, fixed-dose trial that evaluated the effi-
cacy and safety of two doses of clonidine-XR (0.2 or
0.4 mg/day) in patients aged 6-17 years with ADHD [97].
Indeed, whilst 14 % of patients in the placebo and cloni-
dine-XR 0.4 mg/day groups and 11 % in the clonidine-XR
0.2 mg/day group had a prolonged QTc during therapy, no
patients had a QTc reading >500 ms at any time during the
study, and no patients in the placebo group, two patients in
the clonidine-XR 0.2 mg/day group and one patient in the
clonidine-XR 0.4 mg/day group presented with an increase
from baseline of QTc >60 ms. The incidence of sinus
bradycardia increased from baseline in 5-6 % of patients in
the placebo and clonidine-XR 0.2 mg/day groups and in
21 % of patients in the clonidine-XR 0.4 mg/day group.
Similar findings were reported in a double-blind controlled
trial in children and adolescents with ADHD who were
randomized to receive clonidine-XR (up to 0.4 mg/day) or
placebo in combination with their baseline stimulant
medication [98]. In this study, treatment with clonidine-XR
plus a stimulant was well tolerated, and only slight
decreases in mean systolic BP (4.7 mmHg), diastolic BP
(3.7 mmHg) and HR (5 bpm) were observed in patients
in the clonidine-XR plus stimulant group (systolic,
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4.7 mmHg; diastolic, 2.6 mmHg), whereas in patients
receiving placebo plus a stimulant very small increases in
HR (3.1 bpm), and mean systolic (1.6 mmHg) and dia-
stolic BP (0.4 mmHg) were observed. In addition, there
were no clinically relevant differences between the placebo
plus stimulant and clonidine-XR plus stimulant groups in
the number of individuals with increased QTc (using
Bazett’s formula or Fridericia’s formula), and no patient
had a QTc >450 ms (using Fridericia’s formula) or a QTc
475 ms (using Bazett’s formula).

There have been some safety concerns of clonidine-IR
administered concomitantly with methylphenidate from
older reports of cases of sudden death associated with
clonidine and methylphenidate use [100, 101]. However,
children included in these case reports [100, 101] had co-
morbidities or other aetiological factors that could explain
the deaths, such as the case of sudden death in a child
with a congenital cardiac malformation when taking clo-
nidine [102], therefore making it difficult to establish the
exact contribution of clonidine to the adverse outcomes.
A QT/QTc prolongation (612/601 ms) was also observed
in an isolated case report 4 h after addition of lofexidine
(an op-agonist used for opioid detoxification) in an opi-
oid-dependent female patient previously stabilized on
80 mg of methadone [103]. In contrast, in a retrospective
study conducted to assess the effects of clonidine, both
alone and combined with psychostimulants, on the ECG
of 42 children and adolescents with ADHD or tic disor-
der, while ECG variability was found, it did not appear to
be related to any systematic effect of clonidine, either
alone or in combination with psychostimulants [104]. In
addition, clonidine has been reported to be safe or even
confer cardioprotective effects of central origin in an
animal model [105]. This ops-agonist has also been
reported to improve HR variability, a predictor of total
mortality and sudden cardiac death in patients with con-
gestive heart failure, by increasing the parasympathetic
tone [106].

2.3.2 Guanfacine

Guanfacine-XR (Intuniv®; Shire Pharmaceuticals) has
been approved by the FDA for the treatment of ADHD as
monotherapy and as adjunctive therapy to stimulant med-
ications in children and adolescents aged 6-17 years fol-
lowing the results of large, randomized, double-blind,
placebo-controlled studies, showing as well the overall
safety of guanfacine in youth diagnosed with ADHD [107,
108]. Dose-dependent, small to modest changes in BP, HR
and ECG parameters assumingly lacking clinical signifi-
cance were observed, with no patient reporting a QRS
interval >120 ms, a QTc >500 ms (using Fridericia’s
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formula) or a QTc increase from baseline >60 ms [107,
108]. Similarly, cardiovascular-related adverse events with
guanfacine-XR were considered uncommon in a long-term,
open-label extension study, with 240 children, aged
6-17 years, followed up for up to 2 years, conducted to
assess the safety profile and effectiveness of guanfacine-
XR [109]. Although three subjects in this study had
abnormal, clinically significant ECGs possibly related to
guanfacine-XR treatment (two with bradycardia and
another with junctional escape complexes), none of the
ECG abnormalities were determined as serious adverse
events.

There are also no reports of serious adverse cardiovas-
cular events when combining guanfacine-XR and psycho-
stimulant medications, as documented in a multicentre,
open-label, 9-week study with 75 children and adolescents
that evaluated the safety and effectiveness of guanfacine-
XR administered in addition to methylphenidate or
amphetamine [110]. Changes from baseline screening in
QTc (using Fridericia’s formula) ranged from 0.01 to
5.15 ms, and no subject met the ECG outlier criteria (PR
interval >200 ms, QRS interval >120 ms, QTc >500 ms
or QTc change from baseline >60 ms). In an additional
multicentre, 9-week, double-blind trial, with 461 children
and adolescents aged 6-17 years randomized to receive
guanfacine-XR in the morning or in the evening (to a
maximum of 4 mg/day) or placebo in association with their
stable stimulant medication, mean decreases in HR
(5.4-5.8 bpm), systolic BP (1.5-2.9 mmHg) and diastolic
BP (1.1-1.2 mmHg) were observed at endpoint in the
guanfacine-XR plus stimulant group [111]. In contrast,
subjects randomized to receive placebo plus a psycho-
stimulant demonstrated slight decreases in mean HR
(2.1 bpm), systolic BP (0.6 mmHg) and diastolic BP
(0.0 mmHg). No subjects in any of the treatment groups
developed a QTc >480 ms (using Fridericia’s formula) or
a QTc =500 ms (using Bazett’s formula).

In summary, there are no reports of serious cardiovas-
cular adverse events, sudden cardiac death or proarrhyth-
mia associated with clonidine and guanfacine, alone or in
combination with psychostimulants in recent, large, mul-
tisite, randomized, controlled trials [97-99, 111]. Overall,
o-adrenergic agonists appear to be safe regarding the risk
of QT/QTc abnormalities, unless administered concomi-
tantly with other medications known to cause drug-induced
long QT/QTc syndrome or in the presence of other aetio-
logical risk factors [92]. Although BP and HR should be
monitored prior to initiation of therapy and periodically
during clonidine or guanfacine treatment, ECG monitoring
is unnecessary, unless there is a personal or family history
of cardiac disease, arrhythmias or sudden unexpected
death [19].
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3 Population-Based Studies of ADHD Medication Use
and Serious Cardiovascular Events

Following reports of sudden death in patients treated with
ADHD medications, the FDA and Health Canada con-
ducted in February 2006 a review of post-marketing safety
data of medications used in the treatment of ADHD in an
attempt to better characterize the risk of serious cardio-
vascular adverse events and sudden cardiac death. As a
result, 27 cases of sudden death based on WHO criteria in
individuals aged 18 years or less were identified from
Adverse Event Reporting System (AERS) data between
1992 and 2004 in individuals taking medications for
ADHD. However, when the number of patient-years of
prescribed medication was incorporated into the evalua-
tion, the frequency of reported sudden death per year of
ADHD therapy with methylphenidate, atomoxetine or
amphetamines among children was 0.2, 0.3 and 0.5/
100,000 patient-years, respectively [112-115]. Even
assuming a 50 % under-reporting rate, the sudden death
risk of children on ADHD medications would be below
that of children in the general population, which has a
median estimated rate of 1.2-1.3/100,000/year [115].
Similarly, the risk of sudden death associated with stimu-
lants or atomoxetine in adults was also much below
background general population rates [115].

Several population-based studies, using large popula-
tion-based datasets have since explored the risk of serious
cardiovascular adverse events associated with medications
prescribed for ADHD in children and adolescents, as well
as in adults. However, due to the period of time covered by
these large studies, most of these studies only address the
risks of cardiovascular adverse events associated with
stimulants, with only a few including atomoxetine [74,
117-119]. Furthermore, none of the studies evaluated the
adverse events of recently approved medications guanfa-
cine and clonidine.

3.1 Population-Based Studies in Children
and Adolescents

Using the data of all Florida Medicaid beneficiaries who
were between 3 and 20 years of age, enrolled between July
1994 and June 2004 (a total of 2,131,953 individuals), the
risk for adverse cardiac events associated with methyl-
phenidate and amphetamine salts was compared in indi-
viduals with recent diagnoses of ADHD [120, 121]. Rates
of cardiac death or of hospitalizations for cardiac reasons
were similar in those with ADHD who were prescribed
psychostimulants compared with individuals in the general
population and there were also no significant differences
between those using methylphenidate and amphetamines
[121]. There was a 20 % increased risk in cardiac-related

emergency room visits among subjects with ADHD who
used stimulant medications compared with ADHD patients
who did not [120]. However, concurrent use of broncho-
dilators, antidepressants or antipsychotics, age 15-20 years
and a history of cardiac problems were also associated with
increased use of the emergency department [121].

A subsequent matched case-control study identified a
significant association between sudden unexplained death
and the use of stimulants (odds ratio [OR] = 7.4, 95 % CI
1.4, 74.9) [24]. Two matched groups of 564 children and
adolescents taking stimulants, aged 7-19 years, identified
from mortality data from 1985 to 1996 state vital statistics
across the USA were included in the study, one group who
had suffered sudden unexplained death, and the other group
who had died as passengers in motor vehicle accidents. Ten
(1.8 %) of the sudden unexplained death cases were found
to be treated with a stimulant at the time of their death, as
compared with only two (0.4 %) of the motor vehicle
accident victims.

In Europe, a large retrospective cohort study examined
the UK General Practice Research Database to identify
cases of death in patients aged 2-21 years from 1 January
1993 to 30 June 2006 prescribed methylphenidate, dex-
amphetamine or atomoxetine for ADHD in an attempt to
determine any association between these medications and a
greater risk of sudden death [74]. From a cohort of 18,637
patient-years followed from the date of first prescription
until whichever came first: date of death, transferred-out
date, age >21 years or end of the study period, seven
patients died; however, none of them were identified as
cases of sudden death. Therefore, no increased risk of
sudden death associated with stimulants or atomoxetine
was demonstrated in this study.

An additional retrospective study found a very low rate
of cardiovascular events and sudden death in a large
sample that included all children from two distinct popu-
lations aged 3-17 years (n = 241,417) with a prescription
for an amphetamine, atomoxetine or methylphenidate and
in a matched group of medication-free children [119].
There were no statistically significant differences between
medicated and unexposed children in the incidence rate of
serious cardiovascular problems, including ventricular
arrhythmia (0.06 vs. 0.04 per 10,000 person-years) and
sudden cardiac death (0.04 per 10,000 person-years)
[hazard ratios of 1.6 (95 % CI 0.19, 13.60) and 0.76 (95 %
CI 0.52, 1.12), respectively].

Another recent retrospective study of the use of ADHD
medications and the risk of serious cardiovascular events in
a cohort of 1,200,438 children and young adults aged
2-24 years and 2,579,104 person-years of follow-up,
including 373,667 person-years of current use of ADHD
drugs, used data from four large, geographically and
demographically diverse US health plans [117]. The study,
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funded by the Agency for Healthcare Research and Quality
(AHRQ) and the FDA, revealed that the incidence of
serious cardiovascular events was 3.1 per 100,000 person-
years (81 serious cardiovascular events among cohort
members), and showed no evidence that current use of an
ADHD drug was associated with an increased risk of
serious cardiovascular events (sudden death, MI or stroke)
[adjusted hazard ratio: 0.75; 95 % CI 0.31, 1.85].

The most recent report published to date examined the
possible associations between methylphenidate and mixed
amphetamine salts and risk of cardiovascular events and
symptoms in children and youth (aged 6-21 years) without
known cardiovascular risk factors (n = 171,126) using
data from claims records databases (1996-2007) [122].
Compared to no stimulant use, neither current (adjusted
OR = 1.18, 95 % CI 0.89, 1.59) nor past stimulant use
(adjusted OR = 0.93, 95 % CI 0.71, 1.21) was related to
cardiovascular symptoms. Among stimulant users, there
were 0.92 new cardiac events and 3.08 new cardiac
symptoms per 1,000,000 days of current stimulant use or
one event per 890 years of stimulant treatment. Only one
incident of a serious cardiovascular event (including sud-
den death, stroke or acute cerebrovascular events, acute MI
and respiratory arrest) was discovered among stimulant
users. Considering all of these results, Olfson and col-
leagues [122] concluded that clinical diagnoses of cardio-
vascular events and symptoms were rare and not associated
with stimulant use.

3.2 Population-Based Studies in Adults

Although several of the population-based studies in chil-
dren and adolescents included young adults up to 24 years
of age [74, 117, 120-122], several recent large reports
specifically examined the association of medications pre-
scribed for ADHD and the risk of cardiovascular adverse
events in adult patients with ADHD.

The largest study published to date examining whether
current use of medications with a labelled indication for the
treatment of ADHD was associated with an increased risk
of serious cardiovascular events (including MI, sudden
cardiac death or stroke) in young and middle-aged adults
(aged 25-64 years), compared with matched non-users,
used electronic healthcare records from four study sites
across the USA [118]. This retrospective study, conducted
in parallel with a study of ADHD drug use and serious
cardiovascular events in children and young individuals of
2-24 years of age [117]. included a total of 443,198 adults,
of whom 150,359 were users of ADHD medications at
baseline. No evidence was found of an increased risk of
MI, sudden cardiac death or stroke associated with current
use compared with nonuse (adjusted rate ratio [RR]: 0.83,
95 % CI 0.72, 0.96) or remote use (adjusted RR: 1.03,
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95 % CI 0.86, 1.24) of ADHD medications. There was also
little support for an increased risk with any specific med-
ication or with longer duration of current use.

The most recent report, a nonrandomized cohort study,
was conducted to determine whether use of methylpheni-
date in adults was associated with increased rates of serious
cardiovascular events (sudden death or ventricular
arrhythmias, stroke, MI or composite endpoint scores of
stroke or MI) compared to nonusers [123]. A total of
43,999 adult (18 years of age and older) new methylphe-
nidate users and 175,955 matched nonusers from a five-
state Medicaid database covering 1999-2003 and a com-
mercial insurance database, covering the period 2001-2006
were included in this study. Whilst no statistically signifi-
cant difference in risk was found for stroke, MI and a
combined endpoint of stroke/MI, there was an increased
risk of sudden death or ventricular arrhythmia among
methylphenidate users (adjusted hazard ratio: 1.84, 95 %
CI 1.33, 2.55). Nonetheless, the authors concluded that the
lack of a dose-response relationship between methylphe-
nidate use and risk of sudden death or ventricular
arrhythmia did not support a causal relationship.

4 Discussion

Regulatory decisions and scientific statements regarding
the management of ADHD have raised questions and
doubts about the cardiovascular safety of medications and
the need for more complex pretreatment evaluation to
determine suitability and appropriateness of approved
pharmacological intervention. However, serious cardio-
vascular events related to ADHD medications leading to
sudden unexplained cardiac death are extremely rare [19,
42, 74, 114, 117-119, 124-128].

The data and concerns about serious cardiovascular
complications or sudden unexplained death in children,
adolescents and adults receiving pharmacological treat-
ment for ADHD cannot be dismissed considering the
increases in BP and HR that have been reported associated
with stimulants or atomoxetine in clinical trials [18, 42, 61,
114, 126, 129, 130]. However, the majority of randomized,
controlled and open-label studies coincide in considering
that changes in BP and HR, more commonly seen during
the initial titration phase [40], albeit statistically significant,
were minor or of negligible clinical significance at typical
therapeutic doses in all age groups [28, 40, 64, 129]. The
study by Gould et al. [24], the only one to find an associ-
ation between prescription stimulants and adverse cardio-
vascular outcomes in children and adolescents, had a series
of important limitations that had to be considered. Indeed,
the FDA, which partially funded the study, has suggested
caution in interpreting the findings from this study, due to



Risk of Serious Cardiovascular Problems with ADHD Medications

25

methodological considerations, which may have con-
founded the association [131]. In addition to the limitations
inherent in the design of retrospective case—control studies
[132], the study had a relatively small sample size, it failed
to match on race and geographical region, there was a
significant recall bias, parents of 40 % of eligible cases
could not be found or would not provide information, and
the authors were unable to accurately estimate the rates of
ADHD [24, 112, 126, 133, 134].

There is currently not enough evidence of an increased
risk for cardiovascular symptoms or cardiovascular disease
among adults who were medicated as children for ADHD
[19]. To clarify this and to explore whether exposure to
stimulant medication was associated with increased HR,
systolic or diastolic BP, or BP values in the prehyperten-
sion or hypertension range over a 10-year period, a recent
report examined data from the MTA (Multimodal Treat-
ment study of ADHD), a 14-month, randomized, con-
trolled, clinical trial in 7- to 9-year-old children that was
followed by naturalistic treatment for a cumulative 10-year
period of evaluation [135]. No evidence could be found in
this study that intensive, sustained and continuous treat-
ment with stimulant medication starting at ages 7-9 years
increased the risk for prehypertension or hypertension over
the 10-year period of observation. Similarly, stimulants did
not increase the risk for tachycardia; however, greater
cumulative stimulant exposure was associated with a sig-
nificantly higher HR at years 3 and 8, possibly explained by
the adrenergic effect of stimulants [135]. Based on these
data and the recognition that ADHD patients with pre-
existing cardiac pathology may be at greater risk, it has
been recommended that BP and HR should only be more
closely monitored in patients with an underlying medical
condition that might be compromised by increases in these
parameters [32].

The Committee for Medicinal Products for Human Use
of the European Medicines Agency (EMA) conducted a
review of the risks of stimulant medications, particularly
with regard to cardiovascular safety [125]. It concluded
that the benefits of these medicines continue to outweigh
their risks, but recommended some changes in the product
information with regard to cardiovascular problems sug-
gesting it should contain information stating that before
treatment, all patients should be screened for any problems
with their BP or HR, the family history of cardiovascular
problems should be assessed and any patients with these
problems should not be treated without specialist evalua-
tion. It also recommended regular monitoring of BP and
HR and any problems that develop should be investigated
promptly.

Family history, medical history and physical examina-
tion have reportedly low sensitivity for identifying serious
cardiac pathology compared with ECG [124]. It may

therefore seem reasonable to obtain a baseline ECG for any
patient starting pharmacological treatment for ADHD if
access to such screening is readily available and not too
costly. However, no studies or compelling clinical evi-
dence has demonstrated that the likelihood of sudden death
is higher in children receiving medications for ADHD than
that in the general population [136], and there is no current
evidence suggesting an incremental benefit to ECG
assessment of patients prior to initiating pharmacological
treatment [137]. Furthermore, the positive predictive value
of ECG screening for identifying cardiac disease in
otherwise asymptomatic children with ADHD has been
reported to be low [138]. A cost-effectiveness evaluation
has revealed that relative to current standard of care (per-
forming a history and physical examination with cardiol-
ogy referral if abnormal), adding pretreatment ECG
screening for children with ADHD who are candidates for
pharmacological treatment only has borderline cost effec-
tiveness for preventing sudden cardiac death [139]. Con-
sidering also the lack of evidence supporting routine ECG
during the assessment of ADHD patients before starting
medication, it is not surprising that different clinical and
consensus-based guidelines, as well as several institutions,
including the American Academy of Pediatrics [136], the
NICE guideline on diagnosis and management of ADHD in
children, young people and adults [11], the multidisci-
plinary Canadian consensus-based guidelines [112, 127,
128], and more recent European guidelines on managing
adverse effects of medication for ADHD [140], or the
European Network of Hyperkinetic Disorders and the
Association of FEuropean Paediatric Cardiology [137],
indicated that for people taking stimulant medication and
atomoxetine, routine blood tests and ECGs are not rec-
ommended unless there is a clinical indication. In contrast,
in the recent systematic review from the AHRQ critically
examining the effectiveness and adverse events of inter-
ventions for ADHD, while acknowledging that cardiovas-
cular concerns remain rare, it was suggested that use of
o-adrenergic agonists may require greater monitoring than
psychostimulants or atomoxetine [141],

Independently of pharmacological treatment, ADHD
itself may be associated with an increased risk of pre-
existing cardiovascular conditions and sudden unexplained
death, possibly as a result of the highly prevalent physical
and psychiatric co-morbidities associated with the disorder
[126, 140, 142]. An increased incidence of hypertension
has been suggested in children with ADHD [143], and
10.5 % (n = 917) of patients in a retrospective cohort
study of privately insured adults with new ADHD treat-
ment episodes had evidence of one or more preexisting
cardiovascular condition [142]. In addition, in a recent
study analyzing HR variability (HRV) in children with a
mean age of 10.8 years, diagnosed with ADHD, prior to
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(n = 12) or during methylphenidate treatment (n = 19), it
was revealed that, compared with a group of 19 age-mat-
ched healthy children, children with ADHD showed sig-
nificant lower values in HRV parameters [144]. These
decreases in HRV parameters have been hypothesized to
reflect diminished vagal tone, a well known risk factor of
sudden cardiac death in adults, and interestingly these
values improved in methylphenidate-treated children with
ADHD [144]. A significantly higher rate of early repolar-
ization patterns has also been found in ADHD children
compared with normal controls, irrespective of stimulant
treatment or gender [36]. A greater prevalence of cardio-
vascular pathology may be seen in subjects with ADHD
than in the general population, possibly also associated
with the high rate of co-morbid psychiatric disorders, such
as depression, anxiety or substance use disorders [124]. In
addition, changes in cardiovascular variables observed with
stimulant pharmacotherapy in patients with ADHD may
also be influenced by polymorphisms in several genes
consistently associated with cardiovascular diseases [145].

5 Conclusion

Despite existing controversy, the risk for serious cardio-
vascular adverse events and sudden cardiac death associ-
ated with stimulants, atomoxetine or ao-adrenergic agonists
prescribed for ADHD is extremely low and the benefits of
treating individual patients with ADHD, after an adequate
assessment, outweigh the risks [15, 16, 73, 113, 140, 146].
Health administrative data suggest that neither cardiac
events among those aged 20 years and younger nor cere-
brovascular accidents in adults are more frequent among
those using medications for ADHD than for individuals in
the general population [141]. At therapeutic doses, medi-
cations used to treat ADHD are not linked to increased risk
of heart attack or other serious cardiovascular problems,
including an increased QTc, in children, adolescents or
adults, as evidenced in several large studies [17, 61, 97-99,
111, 122, 123], including two recent reports from the
Effective Health Care Program of the AHRQ [117, 118]. It
is important to note that the Bazett correction formula, the
most commonly used to calculate QTc, appears to over-
estimate the prevalence of prolonged QTc in the paediatric
population [146, 147]. There are no reports of TdP directly
related to medications used for treating ADHD. Nonethe-
less, great caution is advised when considering stimulants,
atomoxetine or any other medication for patients of any age
with a diagnosis of ADHD and a personal or family history
of cardiovascular disease, or with other risks for cardio-
vascular events. Similar caution is recommended in the
presence of co-prescription with other pharmacotherapies
with a known risk of cardiac adverse events.

A\ Adis

Future research of children and adolescents as well as in
adults with ADHD should focus on the potential clinical
impact of the relatively small, but clinically significant
increases in HR and BP associated with CNS stimulant
treatment [18]. There is need for further studies to address
these questions, and to help develop useful and practical
clinical recommendations to guide clinicians in these spe-
cific situations. Current data are probably insufficient to
develop clinical guidelines, considering that the currently
available evidence has not been specifically designed to
evaluate cardiovascular adverse effects or the risk of sud-
den cardiac death of pharmacotherapies for ADHD, mak-
ing it difficult to draw firm conclusions [42]. In addition, an
extremely large sample would be required to adequately
estimate whether the risk is above the base rate in the
general population in light of the rare occurrence of these
serious complications.
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