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Abstract

Objective: This systematic review assessed current evidence on sleep medication for attention-deficit/hyperactivity disorder
(ADHD) patients, to establish appropriate guidance for clinicians faced with prescribing such medications.

Methods: Five articles (based on four pharmacological compounds) out of a total 337 were identified as evidence to guide
pharmacological treatment of ADHD-related sleep disorders. Data regarding participant characteristics, measures of ADHD
diagnosis, measures of sleep, and outcome data were extracted.

Results: Zolpidem and L-theanine both displayed a poor response in reducing sleep latency and increasing total sleep time,
however L-theanine did produce an increase in sleep efficiency. Zolpidem produced high levels of side effects, leading to the
largest dropout rate of all five studies. Clonidine reduced insomnia; and melatonin also exhibited a positive response, with
reduced sleep latency, higher total sleep time, and higher sleep efficiency.

Conclusions: There is a relative paucity of evidence for the pharmacological treatment of ADHD-related sleep disorders;

therefore, further research should be conducted to replicate these findings and obtain reliable results.

Introduction

ATTENTION-DEFICIT/HYPERACTIVITY DISORDER (ADHD) is a
very common childhood behavioral disorder, with ~3-9% of
children and 2% of adults impacted worldwide following diagnosis,
according to the Diagnostic and Statistical Manual of Mental
Disorders, 4th ed. (DSM-IV) (American Psychiatric Association
1994; National Institute for Health and Clinical Excellence 2008).
ADHD is a condition that is not very common on its own, and can
present in comorbidity in >69% of patients with other externalizing
disorders such as oppositional defiant disorder or conduct disorder;
or with internalizing disorders such as depression or anxiety (The
MTA Cooperative Group 1999a,b).

Sleep disturbances are also a frequent occurrence in individuals
with ADHD, with the resultant sleep deprivation potentially
worsening ADHD symptoms and intensifying disruptive behaviors
(Wilens et al. 1994). Approximately 28% of medication-free
ADHD patients suffer from sleep disturbances such as chronic
sleep onset insomnia (CSOI) (Corkum et al. 1999), and overall, 48—

73% of children with ADHD have experienced sleep difficulties
in childhood (Greenhill et al. 1983; Allen et al. 1992; Sung et al.
2008) compared with ~10% of healthy controls (Allen et al.
1992). The sleep problems that are most commonly reported in
ADHD patients are unwillingness to go to sleep, difficulty falling
asleep, recurrent waking, restless sleep, trouble with morning
awakening, shorter sleep duration, and sleepiness during the day
(Wilens et al. 1994; Prince et al. 1996; Cortese et al. 2009; Lyon
et al. 2011), as well as a higher rate of sleep disorders such as
restless leg syndrome (RLS), periodic limb movement, and sleep-
disordered breathing (Lyon et al. 2011). RLS is a neurological
disorder, which is typified by the irresistible need to move the legs,
coupled with sensations of discomfort in the limbs, which can be
alleviated through movement. These uncomfortable sensations are
usually worse in the evenings, nighttime, or at rest. A relationship
has been found between RLS and ADHD, and it is posited that RLS
may exacerbate or delay the onset of ADHD symptoms, and
may also result in a higher incidence of bedtime resistance (Cortese
et al. 2005). Because of this relationship, it is assumed that there is
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a shared dopaminergic system dysfunction in both sleep disorders
and ADHD (Silvestri et al. 2009); however, it has been found that
L-DOPA does improve RLS but not ADHD (England et al. 2011),
indicating that the relationship between RLS and ADHD may not
be the result of a dopaminergic dysfunction.

We can hypothesize that sleep disturbances in ADHD may be
either an adverse effect of pharmacological treatment (Sangal et al.
2006; Faraone et al. 2009; Giblin and Strobel 2011; Huang et al.
2011), an alternative epiphenomenon stemming from core ADHD
symptoms (Weiss and Salpekar 2010), a psychiatric comorbidity
(Lecendreux and Cortese 2007; Tsai and Huang 2010), or a com-
bination of them. Shorter total sleep time and increased sleep la-
tency are common side effects of stimulant medication (Weiss and
Salpekar 2010) because of the pharmacological disruption of do-
paminergic and noradrenergic release in the central nervous system
(Huang et al. 2011). The importance of noradrenaline as a key
neurotransmitter implicated in arousal is discussed in Mitchell and
Weinshenker (2010) who note that stimulant medications promote
the synaptic release of dopamine and noradrenaline, and to a lesser
extent, serotonin, while also blocking their reuptake, thus in-
creasing the synaptic levels of these monoamines, which all play a
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role in the arousal pathway. The non-stimulant drug atomoxetine, a
selective noradrenaline reuptake inhibitor, acts in a similar way to
the stimulant medications, as they are both reuptake inhibitors;
however, they block different neurotransmitters in varying pro-
portions. Despite a similar mechanism, atomoxetine’s effects on
suppressing the sleep states appear to be less profound (Sangal et al.
2006). An optimization of the pharmacological treatment can help
the clinician to reduce those sleep difficulties that were the results
of side effects of the pharmacological treatment. However, it is also
a common experience for the clinician to obtain a positive history
of sleeping difficulties in drug-naive ADHD patients. In some
cases, the pharmacological treatment of ADHD core symptoms
brings about an amelioration of the sleep alteration, and in some
cases, the use of stimulants or non-stimulants is ‘“‘neutral’’ to the
sleeping difficulties, and an adjunct treatment has to be introduced.

Despite the dearth of evidence for efficacy and safety, and the lack
of approval from the United States Food and Drug Administration
(FDA) for medications treating insomnia in children, clinicians
pragmatically have pharmacologically treated ADHD-related sleep
disorders with antihistaminergic medications, tricyclic antidepres-
sants, selective serotonin reuptake inhibitors (SSRI), benzodiazepines,

Inital search conducted
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Diagram depicting the selection process of articles through literature databases, and the separate stages of exclusion.
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antipsychotics, serotonin 2 antagonist/reuptake inhibitors (SARI,
e.g. trazodone), a-adrenergic agonists, or exogenous melatonin
(Wilens et al. 1994; Prince et al. 1996; Owens et al. 2010). Al-
though sleep disorders in ADHD populations are becoming more
widely recognized, the safety and efficacy of treatment options are
still uncertain and under-studied. There have been two recent
reviews on the use of melatonin in treatment of insomnia in
ADHD (Bendz and Scates 2010; Miner 2012); however, there
have been no previous systematic reviews on the topic of phar-
macological interventions in ADHD-related sleep disturbances.
With this systematic review, we aim to provide evidence and a
guideline to the question posed by clinicians who, after having
provided a thorough sleep hygiene psychoeducation program to
the patient and the family, started a pharmacological treatment of
the core symptoms of ADHD, and optimized the medication, still
face the issue of their patient ‘‘having trouble sleeping.”

Methods

A systematic literature review was conducted by searching
MEDLINE® (via PubMed), Scopus, Cumulative Index to Nursing
and Allied Health Literature (CINAHL), PsycINFO, Embase and
Web of Science in order to identify relevant articles published in
English from 1983 until April 2013. A final literature search was
conducted on April 8, 2013, using the search terms ([sleep AND
ADHD] AND [pharmacological AND pharmacology]) for all fields
while searching MEDLINE. The following search terms were used
for Scopus, CINAHL, PsycINFO, EMBASE and Web of Science:
(sleep AND ADHD AND pharmacolog*) in the topic fields of
Web of Science, and the abstracts in Scopus, CINAHL, PsycINFO
and Embase.

The following inclusion and exclusion criteria were adhered
to in the review of articles.

Participants

Studies were included if they focused on a participant population
with a diagnosis of ADHD, regardless of age. Studies that involved
participants with other comorbid disorders were still included,
because of the relative dearth in research.

Interventions

All studies that explored the effect of a purely pharmacological
treatment of sleep disorders on ADHD were included. Articles fo-
cusing on behavioral interventions for sleep were excluded, along
with combination behavioral and pharmacological intervention
studies, as the behavioral interventions may have had a confounding
effect on the clinical efficacy of the medication.

Outcomes

Studies investigating the efficacy of pharmacological compounds
on reducing sleep disturbances in individuals with ADHD were in-
cluded. Articles were excluded if the selected pharmacological
compounds were primarily targeting the ADHD symptomatology as
opposed to the sleep disorders associated with ADHD.

Study design

Narrative reviews, open label trials, single case or case series
reports, commentaries, letters, and perspective reviews were all
excluded, whereas all other study types, including retrospective
studies and case—control studies, were included.

BARRETT ET AL.

Article selection

A total of 337 articles were collected across databases, after the
elimination of duplicates. All articles were screened initially via
title and abstract searches, and 317 articles were removed for the
following reasons: the full text articles were unavailable in English,
the topic was unrelated to any of our search term combinations, the
study design was inadequate, or the articles were not focused on the
pharmacological treatment of sleep disorders in ADHD patients.
Full text searches were completed for the remaining 20 articles, and
a further 15 were excluded either because of their descriptive re-
view structure, or their lack of specificity to our search criteria,
leaving a total of 5 articles selected for review (see Fig. 1 for a
graphic representation of study selection). One study, which saw
patients receive sleep hygiene prior to melatonin administration
(Weiss et al. 2006), was excluded because of the possible con-
founding effects that sleep hygiene might have on the efficacy of
melatonin.

Data were extracted from the Methods and Results sections of
each article, which included the study design; participant charac-
teristics (number of participants, age, and gender); recruiting
source; pharmacological intervention used and dosage; any previ-
ous or current pharmacological, psychological, or behavioral
treatment of participants; how the ADHD diagnosis was made or
assessed; how sleep was quantified, reported, or assessed both be-
fore the intervention and during the intervention; exclusion criteria;
and a brief summary of results.

The characteristics extracted from each of the five articles are
summarized in Table 1. A meta-analysis was considered; however,
because of the heterogeneity of results reported, and the low
quantity of papers retrieved, a meta-analysis would have lacked
face validity.

Results
Clonidine

One systematic chart review (Prince et al. 1996) was identified
among the five selected articles, observing the cases of 62 children
and adolescents with ADHD (between 4 and 17 years of age) who
had been treated with the o,-adrenergic agonist clonidine for sleep
disorders in the past. Participants were recruited from a pediatric
psychopharmacology unit, and of these participants, 51 were male,
and 11 were female, and all participants were administered an oral
dose of clonidine at nighttime, with dosages ranging between 50
and 800 pg. It was found that in 85% of subjects, Clinical Global
Impressions-Severity (CGI-S) scores for parents were significantly
reduced in comparison with baseline, indicating a reported decrease
in insomnia severity. There was a nonsignificant trend for greater
improvement in adolescents, and no significant difference for whe-
ther clonidine was taken once at bedtime or several times per day. All
sleep- disordered subjects with ADHD (baseline, medicine-induced,
and medicine-exacerbated) responded similarly well to treatment.
Adverse events were observed in 31% of patients, with one patient
(1.6%) withdrawing from treatment after becoming depressed,
which was resolved following the cessation of clonidine.

Zolpidem

A double blind, placebo-controlled, parallel-group study was
retrieved, focusing on the effects of the non-benzodiazepine hyp-
notic zolpidem on relieving sleep disorders in children and ado-
lescents with ADHD (Blumer et al. 2009). The study observed 201
children and adolescents with ADHD, aged between 6 and 17 years
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of age, 136 of whom were administered the oral active drug zol-
pidem 30 minutes prior to bedtime at a dosage of 0.25 mg/kg/day
(up to a maximum of 10 mg), with the remaining 65 participants
being administered a placebo. It was observed that zolpidem failed
to reduce sleep latency, or increase sleep efficiency (the percentage
of the night spent asleep) or total sleep time as observed by poly-
somnography; however, it significantly increased the subjective
Clinical Global Impressions-Improvement (CGI-I) score for sub-
jects and significantly decreased the CGI-S score for both subjects
and parents/guardians, indicating greater improvement and less
severity in insomnia. Wake time after sleep onset (WASO) also did
not differ significantly from baseline after zolpidem treatment. One
or more adverse events was experienced in 62.5% of patients
treated with zolpidem (dizziness [23.5%], headaches [23.5%], and
hallucinations [7.4%]) versus 47.7% of placebo-treated patients,
with 7.4% of zolpidem users (10 patients) withdrawing from
treatment.

L-theanine

L-theanine (y glutamylethylamide), a non-protein amino acid,
was the pharmacological compound used to investigate treatment
of ADHD-related sleep disorders in one double-blind, placebo-
controlled, parallel-group study (Lyon et al. 2011). The study
consisted of 93 ADHD-diagnosed males, between 8 and 12 years of
age, 46 of whom received oral L-theanine at a dose of 400 mg daily
(200 mg in the morning, and 200 mg in the afternoon), and 47 of
whom were given placebo. It was observed through actigraphy that
L-theanine produced no significant difference in sleep latency or
total sleep time from baseline levels; however, a significant in-
crease in sleep efficiency was seen, as well as a reduction in noc-
turnal activity. In addition, WASO did not significantly differ from
baseline levels, however a nonsignificant trend toward reduction of
WASO was observed with L-theanine. One subject (2.1%) expe-
rienced an adverse event with the use of L-theanine, attaining a new
facial tic, which ceased following the subject’s withdrawal from the
study; however, Lyon et al. (2011) noted that the patient had pre-
viously exhibited various tics.

Melatonin

Two studies were identified that looked at the effects of mela-
tonin on ameliorating sleep disturbances within ADHD; one ran-
domized, double-blind, placebo-controlled trial (Van der Heijden
et al. 2007), and one case—control study (Hoebert et al. 2009),
which was a long-term follow-up of melatonin use from the original
Van Der Heijden et al. (2007) study. Therefore, the participants
used were the same for both studies, with the exception of a minor
variation in sample size caused by loss in follow-up and poor re-
sponse rate to questionnaires in the Hoebert et al. (2009) study.

The initial Van Der Heijden et al. (2007) study investigated 105
children with ADHD-related sleep disorders, between 6 and 12
years of age, 53 of whom were given melatonin (at a dose of 3 mg at
a body weight <40kg, or 6 mg at a body weight >40kg, in the
evening), with the remaining 52 given a placebo. All children were
recruited through a sleep disorder outpatient clinic, or through
magazine and newspaper advertisements or the Dutch ADHD pa-
tient support center. It was observed that melatonin significantly
decreased sleep latency from baseline in contrast to placebo, and
increased total sleep time, whereas the placebo drug decreased total
sleep time. A significant increase in sleep efficiency and reductions
in nocturnal activity were also seen. Additionally, a significant
increase in sleep onset (compared with a delayed sleep onset by
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placebo) was observed, as well as a significant reduction in reports
of difficulty in falling asleep, and significant amelioration of core
ADHD problems reported by parents. Ten children (18.9%) expe-
rienced adverse events such as headaches (5.7%), hyperactivity
(5.7%), dizziness (3.8%), and abdominal pain (3.8%), but no pa-
tients withdrew from treatment.

The case—control study by Hoebert et al. (2009) observed 94
participants of the initial sample, as all participants of the Van Der
Heijden et al. (2007) study were offered melatonin after the con-
clusion of the trials. The majority of children were still using
melatonin at follow-up ~3.7 years later (85.5%), 61 of whom were
taking melatonin daily (64.9%). Melatonin was discontinued in 22
patients (23.4%), 8 (8.5%) of whom discontinued because of
complete improvement of sleep disorder and 3 (3.2%) of whom
discontinued because of adverse events such as excessive perspi-
ration, dizziness, visual disturbances, headaches, nausea, daytime
laziness, abdominal pain, and excessive morning sedation. All of
these adverse events were resolved following withdrawal from the
study. Adverse events were experienced in 20.2% of children, such
as dizziness (4.3%), bed wetting (3.2%), sleep maintenance in-
somnia (3.2%), headache (2.1%), nausea (2.1%), skin pigment
changes (2.1%), nightmares (2.1%), visual disturbances (2.1%),
excessive morning sedation (2.1%), constipation (1.1%), excessive
perspiration (1.1%), decreased mood (1.1%), daytime laziness
(1.1%), and change in behavior (1.1%). Of patients’ parents, 7.4%
considered melatonin responsible for a previously unnoticed co-
morbidity in their children, such as pertusis, pneumonia, adverse
reaction to general anesthesia, celiac disease, and food allergy,
Osgood—Schlatter disease, viral eye infection, and visual distur-
bances for which there was no cause.

It should be noted that none of the pharmacological interventions
significantly exacerbated or alleviated ADHD symptoms.

Discussion

The data collated in this review highlight the variability in ef-
ficacy of pharmacological compounds used in the treatment of
sleep disorders in individuals with ADHD. Although subjective
measurements, such as CGI scales, tend to indicate an overall im-
provement in insomnia following treatment with the active drugs,
this does not always correspond with the objective data collected by
polysomnography or actigraphy; this is the case in the use of zol-
pidem. Similarly Lyon et al. (2011) indicate that subjective parental
reports did not correlate with objective measures in their admin-
istration of L-theanine. Furthermore, whereas the subjective reports
denoted that zolpidem might improve the clinical presentation of
insomnia and reduce the severity of insomnia, the actigraphic ev-
idence displayed a failure to alter sleep latency, sleep duration, and
sleep efficiency, as well as an abundantly high incidence of adverse
events. The difficulty with parental self-report tends to be a general
lack of awareness of baseline sleep disturbances, and, therefore, an
uncertainty in the changes in sleep disturbances after treatment with
the active drug. This highlights a methodological limitation within
the studies that purely relied on parental subjective outcomes, such
as the case—control study of melatonin (Hoebert et al. 2009) and the
case review study on clonidine (Prince et al. 1996). Further research
should be conducted to replicate these results, and to obtain more
empirical evidence of efficacy of treatment.

Methodologies across studies are generally inconsistent, pri-
marily with the heterogeneous study samples. Females were
somewhat under-represented in these samples, especially in the
L-theanine study (Lyon et al. 2011), in which only males were
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studied; however, it is not an unfeasible representation of the
general population, as ADHD is three times more common in males
than in females (Cohen-Zion and Ancoli-Israel 2004; Lyon et al.
2011). Similarly, with the exception of the randomized controlled
trial (RCT) on melatonin (Van der Heijden et al. 2007), there was
large variation in the previous or current medication use among
patients, which might have lended to a confounding effect in the
measure of efficacy of the pharmacological intervention. Further-
more, the exclusion criteria varied between studies, with some ar-
ticles excluding comorbid psychiatric disorders or learning
difficulties, whereas others did not. Comorbid psychiatric disorders
may also confound the measure of efficacy of the pharmacological
interventions; however, excluding these disorders, especially
learning difficulties, might render the sample population unrepre-
sentative of the general population, as comorbidity is very common
within ADHD patients.

Methodological critiques for each article are described as follows.
As the Prince et al. (1996) clonidine article was a retrospective
systematic chart review, many of the variables were very difficult to
control; for example, the initial screening for the ADHD diagnoses
were conducted by different clinicians, as was the prescription of
clonidine, thus resulting in such variable dosages. Additionally, there
were a large number of individuals taking other medication con-
currently, which might have led to confounding results of the effi-
cacy of clonidine. Finally, the measurements of sleep were purely
derived from parental self-report, rather than the child’s self-report,
or objective measures such as actigraphy; therefore, the observation
of change in sleep might not have been reliable.

The zolpidem article (Blumer et al. 2009) used a combination of
objective and subjective measures to obtain a rich overview of the
efficacy of zolpidem in ADHD-related sleep disorders; however, it
failed to control for the possibility that other medications being
taken by the participants at the time of study might have had
confounding effects on the outcome of zolpidem, or might display
interaction effects with zolpidem.

The L-theanine study (Lyon et al. 2011) used a combination of
objective actigraphic measures to observe change in sleep, as well
as subjective parental report measures, which provides a full report
on the sleep patterns of participants; however, the study did fail to
control for the other medications that individuals were taking at the
time of study, such as the three individuals taking melatonin, which
is sleep promoting, and, therefore, may have confounding effects
on the results of L-theanine efficacy. This study also only looked at
the effects of L-theanine on males with ADHD; therefore, as pre-
viously mentioned, the results might not generalize to the female
ADHD population in the same way.

Methodology was very rigorous in the initial melatonin study by
Van der Heijden et al. (2007), ensuring that there was a set time that
the melatonin was administered for all participants, excluding any
participants who had taken any other medications 4 weeks prior to
enrolment, thus guaranteeing that there were not confounding ef-
fects of other medications, and utilizing both objective actigraphy
data and subjective measurement tools to observe change in sleep.
However, by eliminating confounding effects of other medications,
these findings may not be generalizable to the ADHD population
who are being treated with stimulant or non-stimulant medication.
The case—control study (Hoebert et al. 2009) was, however, not as
rigorously controlled as a longitudinal study might be expected to
be; therefore, there were a few limitations with the follow-up. The
data were derived from parental self-report; however, the parents
were not interviewed systematically. It was hard to generalize the
results to the effect of the drug as there was no placebo arm of the
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study, and in the parental interviews, there were no questions about
medications being concurrently used. Despite this, the sample size
was large, and the prior RCT (Van der Heijden et al. 2007) was
extremely carefully controlled.

Our systematic review does not allow us to explore if sleep
disorders in ADHD stem from the disorder itself or are a highly
prevalent co-morbidity; furthermore, it does not allow us to as-
certain if ADHD-related sleep disorders respond differently to
pharmacological treatment than do sleep disorders without ADHD.
Finally, our search methodology has several limitations; we only
selected articles in the English Language (language selection bias),
and we did not search the ‘““gray literature’” or unpublished papers,
which can potentially lead to a tendency to find mainly positive
findings (publication biases). Conclusively, our search excluded all
case studies, case series, or open label studies, which could have
carried important information but that we excluded for lack because
of scientific rigor in the methodology.

Conclusions

In conclusion, there is a relative paucity of evidence that meets
high levels of scientific rigor in regard to the treatment of ADHD-
related sleep disturbances, and a certain disparity in results caused
by methodological differences in sleep measure outcomes (sub-
jective vs. objective). Further research needs to be conducted to
reproduce these results, in order to observe a more reliable result of
each medication on the effects of ADHD-related insomnia; how-
ever, from this modest amount of evidence, we can conclude that
zolpidem and L-theanine were not effective in the treatment of the
primary sleep disorder characteristics, sleep latency and total sleep
time, among other secondary characteristics, and that, additionally,
zolpidem had a high rate of adverse events. These indications
suggest that medications that agonize the o; subunit of the GABAA
brain receptor might not be effective in treating the sleep distur-
bances of ADHD patients in the same way that they treat these
disorders in healthy adults. Clonidine reduced the parents’ sub-
jective reports of severity of insomnia, indicating that the o5-
adrenergic agonist may play a role in reduction of noradrenaline
release in the wake pathways of ADHD patients, as they do in
healthy controls. Alternatively, melatonin treatment seems to have
positive effects on all primary sleep disorder characteristics, in-
cluding sleep efficiency, and the majority of all secondary char-
acteristics, such as nocturnal activity, sleep onset, and WASO.

In our opinion, given the absence of strong evidence in any
pharmacological treatment for insomnia in ADHD, clinicians
should prioritize sleep hygiene education and optimization of the
current treatment with stimulants or non-stimulants for ADHD.

Clinical Significance

This article indicates the paucity of evidence for pharmacolog-
ical treatment of sleep disorders in ADHD, thus acting as a warning
to clinicians who are prescribing medications for ADHD-related
sleep disorders. We highlight the medications that may not be ef-
fective in treating these sleep disorders and advise clinicians that in
the absence of adequate levels of evidence, priority should be given
to sleep hygiene education and optimizing the stimulant or non-
stimulant treatment of ADHD.
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