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Abstract: Clonidine has been used off-label in children and adolescents with attention deficit
and hyperactivity disorders (ADHD) with or without comorbidities. Clonidine extended-release
was recently approved by the US Food and Drug Administration for ADHD in children. This
review evaluates the efficacy and safety of clonidine extended-release and clonidine in children
and adolescents with ADHD. A search of the Medline database and clinical trials register from
1996-2011 yielded ten clinical trials for critical evaluation of efficacy and safety. Eight of the
ten trials reviewed were double-blinded and placebo-controlled. Nine of the ten trials utilized
multiple outcome measures. Both clonidine extended-release and clonidine, as monotherapy
or adjunctive therapy, were reported to be efficacious in treating ADHD symptoms in children
and adolescents with or without comorbid disorders in nine of the ten clinical trials. One study
showed clonidine to be ineffective in improving performance of a single task, at a specific
point in time, in a small number of subjects. All of the studies that evaluated safety reported
clonidine and clonidine extended-release to be well tolerated. The side effects of clonidine
included somnolence, fatigue, headache, bradycardia, hypotension, and clinically insignificant
electrocardiographic changes. However, there are historical anecdotal reports of serious cardiac
side effects, including death in cases with other risk factors. None of the studies compared clo-
nidine extended-release with clonidine in subjects with ADHD. Therefore, it is not clear whether
clonidine extended-release is advantageous over clonidine, with regard to either efficacy or
safety. It is equally unclear whether clonidine or clonidine extended-release is more efficacious
in treating ADHD in subjects with comorbid disorders than in those without comorbidities.
All the studies reviewed had limitations in their designs and methods. Clonidine and clonidine
extended-release could be efficacious and safe for the treatment of ADHD both as monotherapy
and as adjunctive therapy with stimulant medications in selected patients. There is a need for
clinical trials to determine the long-term efficacy and safety of treatment with clonidine and
clonidine extended-release in patients with ADHD.

Keywords: attention deficit and hyperactivity disorders, clonidine extended-release, clonidine,
comorbidity, safety, efficacy, children

Introduction

Attention deficit hyperactivity disorder (ADHD) is reported to be one of the most
commonly diagnosed childhood behavioral disorders, which can often continue through
adolescence and adulthood, according to the National Institutes of Health.! Previous
research reports the prevalence rate of this disorder to be 1.7%—16%.> ADHD is
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reported to be diagnosed much more frequently in males than
in females and the symptoms of ADHD are frequently seen
with comorbid disorders (eg, oppositional defiant disorders,
conduct disorder, tic disorder, anxiety).>?

Commonly known core symptoms for ADHD include
inattention, hyperactivity, and impulsivity.!* Behavioral
criteria provided by the Diagnostic and Statistical Manual
of Mental Disorders (DSM-IV) serves as one of the most
widely used tools for diagnosis.!*> Treatment for ADHD
has included the use of psychostimulants, centrally acting
alpha-2 adrenergic agonists, tricyclic antidepressants, and
antipsychotics.! Many clinicians use medications to control
the symptoms of ADHD and its comorbidity. Psychostimulants
alone have not been effective in controlling sympathetic
hyperarousable states of ADHD and comorbidities. Clonidine,
as an adjunct to a psychostimulant, significantly enhances
effectiveness in optimizing daily function and performance
in patients with ADHD.¢

Most pharmacological treatments for ADHD facilitate
catecholaminergic transmission,’ especially in the prefrontal
cortex.® Alpha-2 adrenergic agonists, such as clonidine,
modulate sympathetic tone by increasing noradrenergic
outflow from the locus ceruleus to the prefrontal cortex
and by direct stimulation of presynaptic alpha-2A receptors
in the cortex. The resulting increase in noradrenergic
sympathetic transmission potentiates dorsolateral prefrontal
cortical function, and leads to the increased regulation
of attention and behavior.” The hypothalamic-pituitary-
adrenal axis works in concert with the catecholamine
system in regulating attention and memory in animals.!%!2
Coactivation of the noradrenergic sympathetic system with
stress hormones enhances spatial memory function and
provides positive feedback to the hypothalamic-pituitary-
adrenal axis."

Additionally, clonidine stimulates alpha-2A adrenergic
receptors in the brain stem. As a result, sympathetic outflow
from the central nervous system is reduced, leading to a
decrease in peripheral resistance, renal vascular resistance,
heart rate, and blood pressure.'* In clinical practice, clonidine
has been used off-label for the treatment of ADHD and
comorbidities. The use of clonidine extended-release for the
treatment of ADHD as monotherapy or a therapy adjunctive
to stimulant medications was approved by the US Food and
Drug Administration in 2010.!* Clonidine extended-release
has been approved for children aged 617 years with ADHD,
given twice per day at a dose of 0.1-0.4 mg/day.

Clonidine has been used to treat ADHD for many years.
The efficacy and safety of clonidine extended-release

has not been extensively evaluated. This review aims to
identify and evaluate the efficacy and safety of clonidine
extended-release in ADHD and its comorbidities. Efforts
were made to discover studies comparing clonidine with
clonidine extended-release.

Methods

The PubMed and Ovid search engines were utilized with the
Medline database from 1996 to July 2011 to identify articles
regarding the efficacy and safety of clonidine extended-
release and clonidine in children and adolescents with
ADHD under the age of 18 years. The search was conducted

LR N3

using the keywords “clonidine”,

9

treatment”, “safety”,
and “attention deficit hyperactivity disorder”. A search for
registered clinical trials using clonidine for ADHD within
clinicaltrials.gov was also conducted. These keywords
produced 140 articles from PubMed, and 64 articles from
Ovid which were also included in PubMed. Abstracts and
titles were reviewed, and only those articles that focused on
assessment of the efficacy and safety of clonidine used for
ADHD were reviewed in full text. Clinical trials addressing
the efficacy and safety of clonidine and clonidine extended-
release alone or in combination with a stimulant for children
and adolescents with ADHD and other comorbid behav-
ioral disorders were summarized.

Studies in animals and foreign language articles were
excluded from the review. Studies that used alternative medi-
cations in conjunction with clonidine in treating patients with
ADHD were also excluded. We reviewed original clinical
trials, review articles, and case studies to assess and analyze
how effective and safe clonidine and clonidine extended-
release are when treating patients with ADHD. The results
are reported as follows.

Efficacy

Clonidine has been reported to be efficacious in treating
ADHD symptoms in children and adolescents. Two Phase I1I,
eight-week trials of double-blinded, placebo-controlled
studies investigated the efficacy and safety of clonidine
extended-release in ADHD children aged 6—17 years.
Jain et al’® used a fixed final daily dose of 0.2 mg or
0.4 mg in 143 subjects who were not taking any form of
psychostimulants. A dose-escalating titration of 0.1 mg/day
was utilized to the final target doses over four weeks. The
researchers used the following tools to evaluate efficacy:
ADHD-RS-IV, Conner’s Parent Rating Scale-Revised: Long
Form (CPRS-R), Clinical Global Impression of Severity
(CGI-S) scale, Clinical Global Impression of Improvement
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(CGI-I), and the Parent Global Assessment (PGA) scale.
Significant clinical improvement occurred in both clonidine
extended-release dosage groups on total score for the ADHD-
RS-IV scale by week 5 and was maintained throughout
the entire eight-week treatment period. Inattention,
hyperactivity, and impulsivity subscale scores on the ADHD-
RS-IV demonstrated significant improvement. Similarly,
improvement in CPRS-R was significantly greater in the
clonidine extended-release treated groups. In addition, the
CGI-S and CGI-I scales showed greater improvement in both
clonidine extended-release groups versus the placebo group.
Improvement of behavior in the two clonidine extended-
release dosage groups was overlapping, suggesting that the
higher dose did not yield additional efficacy. The strength
of this study was the use of clonidine extended-release
without the interference of psychostimulants. This study
allowed inclusion of tic disorders and oppositional defiant
disorders. However, the authors did not indicate how many
of the subjects with these comorbid disorders were included.
There was a high dropout rate of subjects, rendering the study
population prone to bias.

The other study by Kollins et al'® examined clonidine
extended-release as an add-on therapy to existing
psychostimulants in children with ADHD in a multicenter,
eight-week clinical trial. They initiated clonidine extended-
release or placebo in children who were already taking a
psychostimulant. The clonidine extended-release dose was a
flexible escalation regardless of subject age or body weight;
the dose was titrated up based on the subject response (it is
not clear how responses were evaluated for the titration).
The existing stimulants were diverse and of either the
methylphenidate or amphetamine categories. The physicians
were allowed to adjust the stimulant dosages without
changing the stimulant category during the trial. The study
used ADHD rating scales and other psychological instruments
completed by researchers and parents. Improvements in
ADHD rating scores from baseline and after the add-ons
were used to compare the efficacy of clonidine extended-
release versus placebo. The clonidine extended-release dose
and administration were flexible. The researchers reported a
significantly greater improvement in ADHD rating scales in
the clonidine extended-release add-on group as compared with
placebo and the existing psychostimulant. The improvement
started at week 2, reached a maximal level at weeks 4-5,
and was maintained until week 7 of the trial. However,
there was no significant difference between the two groups
at week 8. The investigators reported that a greater number
of subjects in the clonidine extended-release group reduced

their psychostimulant doses than in the placebo group. This
study showed that clonidine extended-release was efficacious
as an add-on in children who had a partial response to
psychostimulants. The strength of this study, like the study
of Jain et al,'® was its double-blind, placebo-controlled
multicenter design. Multiple psychological instruments were
utilized, and the interindividual variation was minimized
by measuring improvement within the same individuals.
However, the experimental design was complicated with
too many variables. The varying clonidine extended-release
dose and administration frequency, along with the changing
psychostimulant doses, makes interpretation of the results
difficult.

Both Jain et al'® and this study'® did not perform a
comparison of clonidine extended-release with clonidine,
providing no information as to whether the extended-release
is a better formula. One additional study is registered at
clinicaltrial.gov for clonidine extended-release safety in
children and adolescents with ADHD. No articles describing
this study were available.

Three additional double-blind, placebo-controlled

studies!™"?

on clonidine efficacy in children and adolescents
are included in Table 1. Two of the three studies'”!® appear to
originate from a subpopulation of the same cohort. Palumbo
et al'” reported the efficacy of clonidine in the improvement
of ADHD symptom scales in subjects, while Cannon et al"’
reported efficacy in improvement of quality of life in families
of ADHD children on clonidine treatment. The subjects
were administered clonidine, methylphenidate, clonidine
and methylphenidate, or placebo. The daily average dose of
clonidine was 0.24 £+ 0.11 mg, while the maximal dose was
0.6 mg. Clonidine was given in a 3—4 times daily dose
regimen. Palumbo et al'’ reported greater improvements
in Conner’s scale rated by parents in the clonidine-treated
groups versus placebo in 78 subjects who completed
the study. However, teachers of the subjects reported no
significant improvement in the same efficacy measures as the
ones completed by parents when it came to treatment with
clonidine. Cannon et al'’ reported improvement in quality of
family life compared with the treatment groups as a whole
versus placebo.

Five articles?®?* reported the efficacy of clonidine alone
or in combination with methylphenidate in children and
adolescents with ADHD and other comorbid behavioral
disorders, including tic disorders, conduct disorders,
oppositional defiant disorders, anxiety disorders, and
seizures (Table 2). Kurlan et al*® conducted a clinical trial in
children with ADHD and chronic tic disorder. Subjects were
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Table | Double-blind, placebo-controlled, clinical trials of clonidine in children and adolescents with ADHD

Authors Subjects Design CLO daily Efficacy Safety Efficacy Side effects
enrolled dose measures measures
(completed)
Jain et al'® 236 (143) 8-week, 0.2 mg, 0.4 mg Multiple ADHD Clinical report,  Significantly Somnolence
two dosage RS and psychological ~ ECG, VS, greater Fatigue
CLO ER groups tests by researchers  laboratory improvement in
versus placebo and parents tests both CLO ER
dosage groups
versus placebo
Kollins et al'® 198 (165) 8-week, CLO Escalating doses,  Multiple ADHD Clinical report, CLO ER Somnolence
ER add-on versus max 0.4 mg RS and psychological ECG, VS efficacious as Headache
placebo tests by researchers an add-on in Fatigue
and parents children with
partial response
to stimulants
Palumbo et al'” 122 (78) 16-week, CLO,  Mean 0.24 + ADHD RS by Clinical report, CLO better Sedation
MLP, CLO + 0.1l mg teachers and ECG, VS than placebo by
MLP, placebo Max 0.6 mg parents parents reports,
but not by
teachers’ reports
Daviss et al'® 122 16-week, CLO,  Titration N/A Clinical report, N/A Somnolence
MLP, CLO + max 0.6 mg Pittsburgh side Nervousness
MLP, placebo effect RS, ECG, Bradycardia
VS
Cannon et al"? 122 (84-99) 16-week, CLO, Mean 0.24 + Questionnaires N/A CLO + MLP N/A
MLP, CLO + 0.11 mg by parents and better than
MLP, placebo Max 0.6 mg ADHD RS by placebo
researchers

Abbreviations: ADHD, attention deficit and hyperactivity disorders; CLO, clonidine; ECG, electrocardiogram; ER, extended-release; max, maximum; MLP, methylphenidate;

N/A, not available; RS, rating scales; ECG, electrocardiogram; VS, vital sign.

randomly given clonidine, methylphenidate, clonidine
with methylphenidate, or placebo for a 16-week period.
The average daily dose was 0.25 mg for the group treated
with clonidine and 0.28 mg for the group treated with both
clonidine and methylphenidate. The daily dose was adjusted
according to subject response. The Conner’s scales for
teachers and parents elicited a significant treatment effect
in the clonidine combined with methylphenidate group. This
group was rated as the most effective for ADHD. Impulsivity
and hyperactivity improved with clonidine as compared with
placebo. Clonidine showed efficacy in children with ADHD
and tics. Meere et al*! tested the efficacy of clonidine in
children with ADHD using a GO-NO GO task to determine
whether there was an improvement in state dysregulation.
Similar to methylphenidate, clonidine was not effective. This
study did not use psychological instruments and enrolled only
53 total subjects (17-18 subjects per group). The behavioral
testing is a snapshot of the task performance that may be
potentially biased by temporal factors and may not represent
overall performance or improvement.

All of these five studies?®** included comorbid conditions.
Therefore, it is unclear whether the improvement in ADHD

symptoms can be attributed to improvement of comorbidity
with use of clonidine. Clonidine is an alpha-2 adrenergic
agonist that can also be used for sympathetic hyperarousable
states in other disorders, such as anxiety disorders®3* and
tic disorders.* Four of the five studies?'?* had multiple
comorbid disorders, making interpretation of the effect of
clonidine on ADHD symptoms even more difficult. Likewise,
it is also not clear whether clonidine is more effective in
treating ADHD symptoms in subjects with ADHD and a
comorbid disorder, given that none of the clinical trials
reviewed were designed to compare clonidine in subjects
with and without comorbidities.

Furthermore, almost all of the studies contained design
limitations which included high dropout rates, multiple
variables assessed, and relatively short study durations. All
of the studies, except for one, were short-term, providing
little information on the long-term effects of clonidine use.
Therefore, lack of long-term data prevents us from drawing
conclusions regarding the long-term efficacy of treatment
with this medication.

Although each of the studies did report some form
of improvement in the behavior of the patients enrolled,
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there exists variability, including heterogeneous subject
populations, variable dosages and length of treatment,
comorbid conditions, and different outcome measures
between the studies. Outcomes among the studies are not
comparable with one another, and it is premature to try to
ascertain exactly which patients benefited from clonidine.

Overall, the findings of the studies suggest that clonidine
and/or clonidine extended-release could be efficacious in the
treatment of ADHD. However, it is important to note that
the studies do contain significant limitations. Based on the
findings, it is reasonable to conclude that patients suffering
from ADHD and ADHD with comorbidities may potentially
benefit from either treatment with clonidine or clonidine
extended-release in the form of monotherapy or in conjunc-
tion with psychostimulants. A slow titration to an optimal
dosage is recommended for patients with ADHD with or
without comorbidities.

Safety

In general, clonidine and clonidine extended-release were
reported to be safe and well tolerated in children and
adolescents. Jain et al'’ reported an overall general tolerance
to clonidine extended-release. Somnolence and fatigue
were the predominant side effects reported. There was no
difference of prevalence of side effects in the two dosage
groups. However, the number of subjects who discontinued
clonidine extended-release was greatest in the higher-dose
group (0.4 mg daily), and the most common reasons for
discontinuation were somnolence and fatigue. There were
electrocardiographic changes in QT and PR intervals, but
these were clinically insignificant. Heart rate and blood
pressure were lower in the clonidine extended-release groups
treated with the extended-release formulation. No significant
laboratory changes were reported.

Kollins et al'® reported that a maximal daily clonidine
extended-release dose of 0.4 mg was well tolerated in their
cohort, although somnolence, headache, fatigue, and slight
changes in QT intervals were higher in prevalence in the
clonidine extended-release plus stimulant group. However,
it is not possible to attribute the reported side effects to
clonidine extended-release alone, because stimulants were
also used. Palumbo et al'’ reported transient sedation that
was tolerated by a majority of subjects. No electrocardio-
graphic changes were found. In this study, clonidine was
given in 3—4 divided doses. This fact may be a potential
explanation for the lower prevalence of side effects.
Daviss et al'® analyzed all 122 subjects from the same
cohort as Palumbo et al'’ and reported that bradycardia

was significantly more common in patients treated with
clonidine. A greater increase in orthostatic systolic blood
pressure was reported as significant in the subjects taking
clonidine. Somnolence, nervousness, and fatigue were
more prevalent in the clonidine-treated groups. Eight
subjects withdrew from the study due, at least in part, to
the side effects. Although there were electrocardiographic
changes, the only significant finding among the groups was
bradycardia in the clonidine-treated groups. The remaining
clinical trials*®2* reported similar side effects, such as seda-
tion, somnolence, bradycardia, and electrocardiographic
changes. Most of the clinical trials reported transience or
tolerability of these side effects. It is not clear whether clo-
nidine extended-release is better tolerated than clonidine,
because clonidine extended-release was not compared with
clonidine alone in any of the studies reviewed.

A case study®' of an eleven-year-old with a tic disorder
reported a transient ischemic attack while taking risperidone
and clonidine. It is not clear whether the medications, or
which of the two medications, caused the transient ischemic
attack. Another case study> reported new onset of seizure
in a nine-year-old girl with ADHD who was taking cloni-
dine. However, this patient had other potential etiologies for
seizures. Long-term side effects were not assessed by any of
the studies reviewed.

None of the clinical trials included in this review
reported any serious or fatal side effects of treatment with
clonidine or clonidine extended-release. However, there
have been some concerns regarding cardiac toxicity and
the use of these medications.>’ Maloney and Schwam
described three unpublished cases of death associated with
clonidine and methylphenidate use. These children had
other comorbidities which confounded their deaths. They
also discussed five other cases of cardiac complications
while taking clonidine.> The electrocardiographic changes
returned to normal when the dosage of clonidine was
lowered or discontinued. Fenichel®” described three of the
four children with cardiac side effects who died while taking
clonidine with methylphenidate. All of the three cases
had other etiological confounders that could explain the
deaths. Cantwell et al** described one death in a child with
a congenital cardiac malformation when taking clonidine.
While the exact contribution of clonidine to the serious
side effects described in these cases cannot be ascertained,
serious cardiac side effects can occur, especially in
individuals with coexisting cardiac or noncardiac risk
factors. Periodic monitoring for cardiac side effects with
clonidine is advised.
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Summary

Clonidine and clonidine extended-release have been shown
to have efficacy in the treatment of ADHD. However, the
studies contain significant flaws. Patients with ADHD,
especially those with comorbidities, require individualized
treatment. Clonidine may be efficacious, and is worth trying
in patients as monotherapy or as combination therapy.

Improvement in inattention, impulsivity, and hyperac-
tivity has been reported. No additional benefit in improve-
ment of ADHD symptoms was noted with higher doses of
clonidine or clonidine extended-release. It is not evident
whether clonidine extended-release is better than clonidine
in regards to efficacy and safety. Clonidine and clonidine
extended-release provide additional benefit in improving
ADHD symptoms as add-on therapy with psychostimulants.
Optimal dosages of clonidine or clonidine extended-release
require individualization, whether they are used as mono-
therapy or in combination with stimulants.

In general, both clonidine and clonidine extended-release
were well tolerated. Clonidine was better tolerated in divided
doses. The most common side effects were somnolence,
fatigue, bradycardia, and hypotension. Electrocardiographic
changes were clinically insignificant. However, serious car-
diac side effects can occur, especially in individuals with
other risk factors. Future studies investigating the long-term
effects and safety of clonidine and clonidine extended-release
in the treatment of children with ADHD are needed.
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