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ABSTRACT ~ Objectives: This study evaluated the efficacy of ramelteon for insomnia in
adult subjects with ADHD. Experimental Design: For this randomized, double-blind,
placebo-controlled crossover trial, 8 mg of ramelteon was given nightly, within three
hours of bedtime, to ADHD-insomnia subjects confirmed by DSM-IV-TR, ADHD-RS,
MINI, and clinical interview. All subjects underwent two weeks each of ramelteon and
placebo. Objective sleep measures were obtained by actigraphy. Subjective measures
included: the Epworth Sleepiness Scale (ESS) and ADHD-RS. Principal observations:
Of 36 subjects entering the study, 58% met criteria for circadian rhythm sleep disorder
(CRSD), delayed sleep phase type. During ramelteon period, mid-sleep time, an indica-
tor of circadian phase, occurred significantly earlier, by ~45 minutes compared to placebo
period. An association was noted between the magnitude of the sleep phase advance and
the timing of ramelteon administration in relationship to sleep start time, but did not
reach statistical significance; maximal efficacy was noted 1.5 hours before bedtime.
Paradoxically, ramelteon marginally, but significantly increased sleep fragmentation and
ESS scores compared to the placebo state. Conclusions: Ramelteon is efficacious in main-
taining an earlier sleep/wake cycle in adults with ADHD and CRSD but can have par-
adoxical fragmenting effects on sleep and exacerbate daytime sleepiness. In the presence of
a circadian rhythm disorder, the usual dosing and timing parameters for ramelteon need
to be carefully considered. Psychopharmacology Bulletin. 2011;44(2):32–53.

Key Words: melatonin agonists, circadian rhythm disorder, circadian rhythm sleep disorder, sleep-
wake schedule disorder, attention disorders, childhood behavioral disorder, actigraphy,
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INTRODUCTION

ADHD is a common neuropsychiatric condition affecting 6–8% of
children and 4.4% of adults that causes substantial and pervasive
impairment.1,2 Sleep problems occur in over 70% of children and adults
with ADHD; the most common complaint is initial insomnia.3,4 In a
large controlled study, well-documented adult ADHD subjects self-
reported later and more variable bedtimes, prolonged sleep latency
often greater than one hour, non-restful sleep and increased daytime
sleepiness compared to controls and independent of other psychiatric
comorbidities.5 While the subjective perception of sleep disturbance
exceeds what is observed by polysomnography or actigraphy,6 the few
existing studies in child populations, characterize a significant insomnia
in ADHD patients with notable circadian rhythm disruption.
Controlled sleep studies of children have demonstrated decreased total
sleep times and significant delays in sleep-latency times, sleep-onset
times, and salivary dim-light melatonin onset (DLMO).7–9 One study
confirmed similar findings in adults; adults with ADHD and sleep
onset insomnia showed a later start and end time to sleep periods, later
onset of DLMO and attenuated 24-hour amplitude in rest versus activ-
ity pattern on actigraphy, suggestive of a weak and delayed circadian
rhythm.10

The delay in salivary dim-light melatonin onset and sleep-onset and
offset times in subjects with ADHD6,8–10 meet DSM-IV-TR criteria
for Circadian Rhythm Sleep Disorders (CRSD), delayed sleep phase
type.11 CRSD, delayed phase sleep type is a chronic condition charac-
terized by persistent inability to fall asleep and arise at a conventional
time. CRSDs comprise 10% of cases of insomnia in sleep disorder clin-
ics and affects 7.3% of youths 12 to 20 years in the general popula-
tion.7,11 CRSD, delayed type is relatively rare in older subject ages
40–64, affecting only 3% of the community population in one sur-
vey12,13 much lower than percentages seen in the older adult ADHD
population.10,14 While the sleep disorder alone causes significant cog-
nitive, medical and psychiatric morbidity, aggravation of ADHD symp-
toms of impulsivity, distractibility and inattentiveness by fatigue
compounds the morbidity, and exacerbates the already increased risk of
injury and car accidents.2,15 Increasing evidence highlights the impor-
tance of fully treating ADHD and its associated comorbidities.2,9,16

Given the high comorbidity of untreated ADHD with substance abuse,
clinicians need appropriate non-addicting treatment options for the
insomnia related to ADHD.17 Anecdotal evidence suggests that ado-
lescents and adults with ADHD frequently self-medicate their insom-
nia with addictive substances increasing their risk for addiction.2,18
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Addressing the insomnia with attention to the disrupted circadian
mechanism has important treatment implications. Chronobiotic treat-
ments offer new options. This is the first study to examine the efficacy
of the only available FDA approved melatonin-agonist, ramelteon, an
agent with known capability of phase-shifting the circadian rhythm in
healthy adults19,20 for treatment of insomnia due to ADHD.
Ramelteon is a potent and highly selective agonist for the melatonin
subtype I and II receptors (MT1 and MT2, respectively), located in the
suprachiasmatic nucleus (SCN) of the hypothalamus.21,22 The SCN
regulates the timing, duration, and organization of daily sleep/wake
cycles and physiological rhythms.20,22 Intrinsic circadian rhythms are
synchronized to the 24-hour day by external cues, light being the most
potent resetting agent. A multi-synaptic pathway from the SCN medi-
ates the dramatic reduction in pineal melatonin that occurs when light
is provided at night.23,24 Stimulation of MT1 is believed to cause a hyp-
notic effect while stimulation of MT2 is believed to have a phase-
shifting effect, advancing or delaying the phase of the sleep-wake cycle
depending on timing of melatonin release relative to the endogenous
clock phase.25–27

Ramelteon is rapidly absorbed and peaks in less that one hour with a
rapid elimination half-life of 1.36 hour, an excellent pharmacokinetic
profile for a soporific agent.20,28,29 Adults with ADHD and insomnia
show delayed onset of evening rise in endogenous melatonin by
DLMO compared to ADHD patients without insomnia and con-
trols.10 In twelve, controlled clinical trials of healthy and chronic
insomnia subjects, ramelteon demonstrates sleep-promoting effects
with significant reduction in latency to persistent sleep, total sleep time
and sleep efficiency according to both polysomnography studies and
subjective assessments.20,30–34 In one polysomnography study of pri-
mary insomnia, patients who were given ramelteon 30 minutes before
bedtime showed improvements in prolonged total sleep time and
decreased sleep latency equivalent to studies of benzodiazepine-
receptor agonists zolpidem and eczopiclone without evidence of
residual psychomotor or cognitive effects or addiction.35–37

The American Academy of Sleep Medicine Practice Parameters calls
for further research on sleep-promoting agents for treatment of
CRSDs, stating that “CRSDs are among the most neglected causes of
insomnia in the literature.”38,39 While ramelteon has not been studied
in ADHD or in CRSDs, it has been shown to have circadian phase
shifting effects in healthy adults.19 Additionally, ramelteon has been
shown to be effective in other psychiatric conditions that have evidence
of circadian rhythm disruption or low melatonin levels such as schizo-
phrenia.33 Exogenous melatonin, a chronobiotic classified as a food

PSYCHOPHARMACOLOGY BULLETIN: Vol. 44 · No. 2

RAMELTEON FOR INSOMNIA RELATED

34
Fargason, Gamble,

Avis, et al.

FARGASON  1/17/12  5:41 PM  Page 34



supplement has demonstrated efficacy in studies of ADHD patients
with insomnia.14 The use of oral melatonin in insomnia remains con-
troversial; two recent meta-analyses have shown conflicting reports.40,41

The Ingeborg meta-analysis compared the results of controlled trials of
melatonin versus placebo in individuals with delayed sleep phase disor-
der and found that melatonin advanced the timing of mean endogenous
melatonin onset and clock hour of sleep in children and adults and
reduced sleep latency and total sleep time in the children.40 The meta-
analysis by Buscemi showed melatonin treatment to be equivocal.41

Variability in response across studies can be attributed in part to the lack
of rigorous production standards for a non-FDA approved food sup-
plement. Melatonin’s safety profile and dosing are not well estab-
lished.42–44 Analysis of samples of the 0.5 mg melatonin capsule in one
study showed that they varied from 0.5–0.8 mg; 3.0 mg capsules varied
from 2.4 to 7.8 mg.25 Formulation variations are less problematic with
ramelteon. While there are few comparative studies of ramelteon and
melatonin, one study in cats demonstrated that both agents increased
slow-wave sleep; the effect of exogenous melatonin was noted to be
weaker and of duration 2 hours shorter than ramelteon.45

The purpose of this study was to evaluate the efficacy of ramelteon on
ADHD-insomnia subjects who lack significant confounding comor-
bidities. We hypothesized:

1. Ramelteon will positively impact ADHD-insomnia by objective
measures including: advancing sleep-onset time and mid-sleep time,
decreasing sleep latency (time between lying down to sleep and ini-
tiation of sleep) and increased total sleep time.

2. Subjective insomnia symptoms such as sleepiness and impaired day-
time functioning inattention, would improve with ramelteon treat-
ment.

3. The majority of patients would suffer from CRSD-delayed type
insomnia by clinical and actigraphic data rather than primary initial
type insomnia.

More detailed data documenting descriptive elements of the sleep
disorder in the ADHD subjects and the effect of stimulant medication
on the sleep parameters compared to a control group will be published
separately. We expect that a study of adults controlling for parent fac-
tors such as enforced bedtimes will address our study questions more
clearly. Most studies in adults with ADHD are one or two day trials in
sleep labs with polysomnography often with patients with multiple psy-
chiatric and sleep comorbidities, especially sleep apnea; our study is
designed to explore the effect of a novel, non-addictive therapeutic
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agent on the more pure ADHD patient, excluding Generalized Anxiety
Disorder, active depression, sleep apnea, and other psychiatric and sleep
comorbidities, over a longer period and while in the natural setting.

MATERIALS AND METHODS

Study Design

This study was a randomized, double blind, placebo-controlled
crossover trial of ramelteon, 8 mg daily, in adult subjects who meet
DSM-IV-TR criteria for ADHD and for insomnia. Candidate sub-
jects were screened by medical and psychiatric history. The study
included subjects with a DSM-IV-TR primary diagnosis of ADHD by
historical evaluation by an experienced clinician, ADHD-RS scale and
Mini International Neuropsychiatric Interview (MINI), and DSM-
IV-TR criteria for initial insomnia, either primary insomnia or
Circadian Rhythm Sleep Disorder, delayed sleep phase type. Exclusion
criterion included elevated Hamilton Depression Scale (Ham-D) and
Hamilton Anxiety Scale (HAM-A); major Axis I psychiatric diagno-
sis that would better account for insomnia such as bipolar disorder,
psychosis, severe anxiety disorder, untreated depression, adjustment
disorder; unstable medical conditions; and other more severe active
sleep disorders that better explained the insomnia symptoms. Subjects
age 19 to 65 were recruited via solicitation with advertisements in local
newspapers and from existing clinic populations. Subjects who met
study criteria for ADHD-insomnia were enrolled in the study to begin
baseline collection procedures. The eight-week trial included a one-
week baseline measurement, 2 weeks of ramelteon or placebo, a two-
week “washout” phase between treatments, and 2 weeks of the other
medication state. Subjects were stratified at randomization into two
groups: Group A initially received a maintenance dose of 8 mg of
ramelteon, and Group B an identical tablet of placebo. All raters and
researchers were blind to treatment state. Following the week 3 and 4
“washout period”, Groups A and B were crossed over to the alternate
drug state. The crossover design allowed each subject to serve as
his/her own control.

Objective Sleep Estimates and Activity Rhythm

Objective measures of sleep quality were measured by wrist actigra-
phy (Actiwatch AW-64 Actigraphy System, Phillips Respironics,
Murrysville, PA). The Actiwatch device measures continuous sleep-
wake cycles in humans by detecting 24-hour movement.46,47
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The subjects wore the Actiwatch 24 hours a day and kept daily
sleep logs during both drug states and the washout period. Total sleep
time, sleep start and end times, sleep onset latency, sleep fragmenta-
tion, and sleep efficiency (time in bed actually spent asleep) were cal-
culated with a standard algorithm (Actiware-Sleep version 5.04
Sleep Scoring Software, Phillips Respironics, Murrysville, PA) Mid-
sleep time was calculated as the mid-point between sleep start and
end time as an indicator of circadian phase. Activity patterns over
days and nights were assessed by calculating the periodicity and
amplitude of the rhythm with a chi-square periodogram using a stan-
dard algorithm with the Clocklab Analysis software (Actimetrics,
Wilmette, IL).

Subjective Sleep

Daytime functioning was measured at each visit using the following
scales: the Epworth Sleepiness Scale (ESS), a measure of daytime
sleepiness, Attention deficit/hyperactivity disorder rating scale
(ADHD-RS), Clinical Global Improvement Scale (CGIS) and a clinic
designed measure called the UAB questionnaire (see Supplementary
Figure 1); a 4-point Likert scale to specifically assess occupational and
social dysfunction in the ADHD patient and to assess evening and bed-
time behaviors in detail (see Supplementary Materials). Sleep quality
was measured with the aid of the Pittsburgh Sleep Quality Index
(PSQI) and a Sleep-wake Diary.

Pharmaceuticals

Takeda Pharmaceuticals North America, Inc. supplied unmarked
tablets containing 8 mg of ramelteon and matching placebo tablets.
Subjects were instructed to administer study medication once daily
between 20:00 and 21:00 hours or 30 minutes prior to desired sleep
time. Subjects were allowed to vary their dosage time up to three hours
prior to sleep. On average, subjects reported that the medication was
taken at 10:05 pm (SD: 1h 22 min). Timing of medication ranged from
6:00 pm to 12:40 am, a broader range than we expected.

Statistical Analysis

Differences in the outcome variables were assessed with a paired sam-
ples t-test (two tailed), two-way ANOVA for two-factor designs, or
contingency analysis (Fisher’s exact test) for two-level categorical data.
For Fragmentation, there was an effect of time across the 8-week trial
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(independent of treatment condition); therefore, an ANCOVA was
used with time included as the covariate. All statistics were acquired
with PASW Statistics 18.0 (IBM, Chicago, IL).

RESULTS

Thirty-six patients were enrolled in the trial; forty percent were over
age 40. Table 1 displays the socio-demographic characteristics of the
study population. Despite a high degree of education (almost 90% of sub-
jects had at least some college training) only 50% of patients were in full
time employment, a sign of underachievement typically observed in
patients with ADHD. An equal number of men and women participated
in the study. A total of 32 patients completed both drug states and were
included for analysis. Four subjects dropped out during the study; two due
to transportation issues (specifically, high gas prices), one due to discom-
fort from the actiwatch and poor compliance with visits, and one due to
inability to concentrate to complete daily study paperwork. Sleep experts,
authors K.G. and R.B., individually examined actigraph readings.
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SOCIO-DEMOGRAPHIC CHARACTERISTICS IN 36 PATIENTS WITH ADHD AND SOI

VARIABLE N � %

Age 19–30 12 33.3
30–40 10 27.8
40–50 5 13.9
50–65 9 25.0

Sex Male 19 52.8
Female 17 47.2

Marital Status Never Married 15 41.7
Married Once 14 38.9
Married More than once 4 11.1
Divorced 2 5.6
Cohabitating 1 2.8

Education (completed) Less than GED 1 2.8
High School Diploma 3 8.3
Some Tech or College 9 25.0
College Degree 14 38.9
Some Post Graduate 4 11.1
Postgraduate Degree 5 13.9

Employment Status Unemployed, not looking 4 11.1
Unemployed, looking 5 13.9
Part-time 3 8.3
Full-time 18 50.0
Retired, not working 2 5.6
Disabled 4 11.1

TABLE 1
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After reviewing their results with the two experienced clinicians K.A.
and R.F., three subjects were removed from statistical analysis due to
marked arrhythmicity or complete phase reversal of sleep-wake cycle,
both of which are symptoms of more severe types of CRSD and thus
meet the exclusion criteria for the study. One subject displayed such
marked fragmentation of sleep that despite an absence of focal neurolog-
ical signs on physical exam it was determined this subject should be sent
for neurologic and medical work-up at the conclusion of the study.
Another subject with similar actigraphy readings complained of inability
to sleep at all on some nights; this patient was also recommended for
neurologic work-up. Both of these subjects met criteria for CRSD, irreg-
ular sleep-wake pattern. A third patient who demonstrated a complete
reversal of days and nights despite a full-time day job was also excluded
from statistical analysis; this subject met criteria for CRSD, complete
sleep wake cycle reversal. For the purposes of this paper, further data
analysis included only those patients who met inclusion criteria by actig-
raphy. Table 2 displays the DSM-IV-TR diagnostic categories of the sub-
jects after analysis of all scales and actigraphy measures. 58% of all
subjects met criteria for CRSD, delayed sleep phase type, 8.3% met cri-
teria for other, more severe CRSD, as described above and 33% met cri-
teria for Primary Insomnia. These findings are consistent, with Van Veen,
et al. (2010) demonstrating that most of insomnia related to ADHD is
of the CRSD type.10

Sleep Timing

Changes in sleep timing due to drug were examined for the second
trial period, the placebo-then-active group, since baseline actigraphy
measures for the first trial period were separated by a month in time
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DESCRIPTIVE FEATURES OF 36 PATIENTS WITH ADHD AND SOI

INSOMNIA SUBTYPES N = 36 %

Primary Insomnia 12 33.3
Circadian Rhythm Sleep Disorder, delayed sleep phase type* 21 58.3
Irregular Sleep-Wake Pattern or Complete Sleep

Wake Cycle Reversal 3 8.3
Poor Sleep Habits**,*** 5 N/A

*by DSM-IV-TR criteria and MINI questionnaire.
**�2 hr between target bedtime and in bedtime or �2 on UABQ items 2b or 2c (i.e., stays up to
complete tasks or enjoyable activity).
***present in addition to one of other subtypes of insomnia.

TABLE 2
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from the active drug period in the active-then-placebo group (see limi-
tations section). Sleep phase was operationally defined as mid-sleep
time, the mid-time point between sleep start and end time. Phase
changes in mid-sleep time provide an accurate measure of advances and
delays in circadian timing second only to dim-light melatonin onset
DLMO. Change in mid-sleep time was calculated as the difference
between the average mid-sleep time during baseline period, and the
average mid-sleep time during placebo and drug periods. In order to
examine the interaction of ramelteon and timing of drug administration,
the variable Medication Time was categorized into two categories: less
than or greater than two hours before sleep start time. A two-way
ANOVA (Medication Time � Drug) revealed a significant main
effect of drug (F1,15 � 4.7, p � 0.046), such that subjects exhibited a
mid-sleep time that occurred 46 min earlier (advanced) during
ramelteon treated state compared to placebo-treated state. Compared to
baseline, ramelteon induced a 7-min phase advance on average
(mean � SD: 7.0 � 32.3 min) while placebo induced a 39-min phase
delay on average (mean � SD: 39.2 � 44.6 min). There was no signifi-
cant main effect of Medication Time (F1,15 � 2.5, p � 0.134) nor a sig-
nificant Medication Time � Drug interaction (F1,15 � 0.3, p � 0.605).

Although low statistical power prevented a significant Drug �
Medication Time interaction, we descriptively examined the optimal time
of administration of ramelteon since this factor is clinically relevant. As
shown in Figure 1, the size of the phase advance in the ramelteon-treated
group depended on the time of administration of drug in relationship to
sleep start time according to a predictable curve. Specifically, mid-sleep
time was maximally advanced by approximately 40 min when medication
was administered approximately 1.5 h before sleep start time.

Table 3 displays objective measures of sleep timing; treatment
groups are shown separately due drug order effects. Due in part to wide
inter-subject variability and small sample size, no group differences
reached statistical significance, however, several trends are worth dis-
cussion. For group A, ramelteon treatment trended toward an earlier
sleep start time (40 min on average) compared to placebo treatment;
sleep end time was unchanged. Circadian amplitude, obtained from a
chi-square periodogram analysis,48 is a measure of the circadian rhythm
strength; ramelteon treatment trended toward increased amplitude
compared to placebo.

Other Sleep Parameters

Table 4 displays the other sleep parameters determined by actigra-
phy. Ramelteon treatment reduced sleep latency of Group B (duration
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SLEEP TIMES AND CIRCADIAN PARAMETERS OF 36 PATIENTS WITH ADHD
AND SOI 

PLACEBO/ACTIVE (GROUP A) ACTIVE/PLACEBO (GROUP B)
PLACEBO ACTIVE PLACEBO ACTIVE P

Sleep Start
Time 12:55 � 0:24 12:15 � 0:13 1:17 � 0:43 1:08 � 0:29 0.196

Sleep End
Time 7:11 � 0:15 7:12 � 0:26 7:28 � 0:37 7:05 � 0:28 0.217

Amplitude 638.2 � 47.1 654.4 � 44.0 632.0 � 65.8 599.8 � 44.6 0.508

For Amplitude, n � 15.

TABLE 3

CIRCADIAN PHASE SHIFT AS A FUNCTION OF MEDICATION TIMING RELATIVE TO

BEDTIME. PHASE SHIFT IN MID-SLEEP TIME WAS CALCULATED FROM THE

DIFFERENCE BETWEEN WEEKS 4 AND 6 IN THE PLACEBO-ACTIVE GROUP.
SCATTER PLOT DEPICTS THE PHASE SHIFT (IN MINUTES) FOR THE TIME OF

RAMELTEON ADMINISTRATION PER PATIENT. DATA WERE FITTED WITH A

SMOOTHING FUNCTION (USING A LOESS EPANECHNIKOV KERNEL FUNCTION

FOR 80% OF THE DATA)

FIGURE 1
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to fall asleep) by an average of 17 min and lengthened sleep latency of
Group A by an average of 11 min, although the total sleep time for this
group increased by 34 min. None of these comparisons reached statis-
tical significance; however, the extremely high placebo effect in insom-
nia trials complicates studies.30,49 Zammit notes that even in large
trials of eszapidone and zolpidem, 15–29 minute improvents in sleep
latency were clinically significant.35,37 As expected, there were no sig-
nificant effects of ramelteon on other sleep parameters, such as sleep
efficiency, wake after sleep onset, percentage of time awake during
sleep session, number of sleep bouts, and immobile time (data not
shown).

Sleep Fragmentation

Several paradoxical negative results were noted. The fragmentation
index (see Methods section) indicated that subject’s sleep became more
fragmented throughout the course of the 8-week study irrespective of
drug state (ANCOVA, Time: F1,20 � 9.5, p � 0.006). Ramelteon mar-
ginally, but significantly increased the sleep fragmentation score even
when the time effect was accounted for (ANCOVA, F1,20 � 6.9,
p � 0.016). Fragmentation scores for placebo and ramelteon conditions
were 19.9 � 9.6 and 22.1 � 12.1 (mean � SD), respectively.

Subjective Sleep Measures

Figure 2 demonstrates the paradoxical response of the drug state on
sleepiness. Contrary to our predictions subjects had significantly higher
Epworth Sleepiness Scale (ESS) scores during ramelteon state com-
pared to placebo state (mean � SD; ramelteon: 8.9 � 6.0; placebo:
6.1 � 6.5; paired samples t-test, two-tailed, t24 � –2.56, p � 0.017).
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TABLE 4

ACTIGRAPHIC SLEEP PARAMETERS DURING PLACEBO AND DRUG PERIODS

PLACEBO/ACTIVE (GROUP A) ACTIVE/PLACEBO (GROUP B) 
PLACEBO ACTIVE PLACEBO ACTIVE P

Sleep Latency
(in min) 32.3 � 11.7 43.5 � 9.9 39.5 � 11.0 22.5 � 6.0 0.928

Sleep
efficiency 74.4 � 3.6 73.5 � 2.7 74.7 � 3.6 75.6 � 2.4 0.198

Total sleep
time
(in min) 332.7 � 16.6 356.6 � 12.9 321.0 � 20.7 310.0 � 14.1 0.681
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Patients with an ESS score of over “10” are generally referred for
treatment. Contingency analysis indicated that a higher percentage of
subjects scored greater than “10” during ramelteon state compared to
placebo state. (Fisher’s exact test, two-sided, p � 0.047). Figure 2
demonstrates that the percentage of subjects in the clinical range for
excessive sleepiness more than doubled while on ramelteon compared to
placebo. No evidence of difference between medication, baseline and
placebo state was noted for any other subjective sleep assessment tools
or ADHD measures.

All adverse events are recorded in Table 5. No serious adverse events
occurred during the study. No subjects dropped out of the study due to
adverse events; all reported events were mild. Verbalized complaints of
drowsiness were the most frequent event but occurred with equal or
higher frequency in the placebo and washout periods. One subject
developed hives during the medication period, but this was mild and
transient and did not require medication discontinuation. Overall, the
medication state was well tolerated.
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EPWORTH SLEEPINESS SCALE SCORES. BAR GRAPH DEPICTING THE PERCENTAGE OF

SUBJECTS WITHIN EACH TREATMENT GROUP THAT HAD AN ESS SCORE GREATER

THAN 10, A CRITERION WHICH IS COMMONLY USED TO DIAGNOSE EXCESSIVE

DAYTIME SLEEPINESS

FIGURE 2
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DISCUSSION

This study is the first controlled trial to examine the effects of
ramelteon, on subjects with ADHD and insomnia. Ramelteon treat-
ment resulted in a significantly earlier mid-sleep time, an indicator of
circadian phase, compared to placebo in a population with delayed cir-
cadian clock function. Ramelteon induced a 7-min phase advance on
average compared to baseline state while placebo group had on average
a 39-min phase delay compared to baseline state, a 46-min difference.
It is improbable that placebo actually induced a delay in sleep onset; our
interpretation of the above results is that ramelteon enabled subjects to
stick more consistently to a desirable bedtime than placebo. The mag-
nitude of the advance was maximal, 40 minutes, when the medication
was taken approximately 1.5 hours before bedtime. Our results, though
less robust, agree with the one similar study by Richardson demonstrat-
ing ramelteon improved circadian parameters in healthy adult
subjects.19

Ramelteon has shown positive results in many, varying trials in non-
human animals, healthy adults, insomnia patients and the
elderly.20,30,34,50–53 While ramelteon demonstrated efficacy over
placebo in maintaining an earlier circadian cycle over a two-week time
span as measured by mid-sleep time, drug state simultaneously exacer-
bated sleep fragmentation and worsened daytime sleepiness in this
study population. The percentage of patients scoring over 10 on the
ESS, the clinically significant range for this scale, more than doubled
during ramelteon versus placebo state. Of note, study subjects experi-
enced these changes without an increase in complaints of adverse events
or sleepiness. ADHD patients are known to be poor at self observation
and possibly did not notice a significant difference from their chroni-
cally sleep deprived state. One recent study also showed paradoxical
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ADVERSE EVENTS ASSOCIATED WITH RAMELTEON ADMINISTRATION

ACTIVE PLACEBO WASHOUT

Drowsiness 2 3 4
Headache 0 0 2
Hives 1 0 0
Dizziness 0 1 0
Jitteriness 0 0 1

Numbers indicate the frequency of each complaint.

TABLE 5
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findings with ramelteon; based on ramelteon’s high tolerability,
Cohen et al. gave healthy subjects 8 mg of ramelteon, 30 minutes prior
to a 2 hour nap before a simulated 8 hour night shift.54 Results showed
that ramelteon state demonstrated little benefit in altering sleep
efficiency but significantly worsened neurobehavioral performance on
EEG and psychometric assessments during the 12 hours following the
nap.54 The authors hypothesize that the high homeostatic sleep pres-
sure of nighttime, which already predisposes to poor performance coin-
cided with active ramelteon metabolite presence in the circulation,
resulting in intensification of performance deficits.54 In a similar
fashion, in our study we speculate that the presence of ramelteon and/or
its metabolites during the daytime in the circadian phase delayed sub-
ject who is already fighting high sleep pressure in the morning and even
early afternoon, significantly worsened daytime alertness and function
as measured by ESS. While the half-life of ramelteon is only
1.36 hours; its one active metabolite, monohydroxylated ramelteon has
a half-life of 2.62 hours.28,29 Monohydroxylated ramelteon is less
potent and has less binding affinity for MT receptors; however expo-
sure to receptor sites is much longer than to the parent drug.28,29

Elimination response curves demonstrate that some ramelteon and
more monohydroxylated ramelteon are present in early morning
hours.28,29 Previous studies suggest that healthy and primary insomnia
subjects who lack circadian rhythm abnormalities and are on a normal
sleep-wake schedule will lack high sleep pressure during daytime and
may have better tolerance small daytime levels of ramelteon.19,30,33,34

Similar conflicting results are paralleled in the much larger melatonin
literature and demonstrate the extremely complicated nature of pharma-
codynamic action at the melatonin receptor. A very high inter-subject
variability in melatonin receptor sensitivity explains variations in-group
studies of melatonin agonists regardless of dose.28,29 Subjects in this
study responded with wide inter-subject and intra-subject variability. In
addition, some evidence exists that melatonin agonists more effectively
alter sleep parameters in melatonin-depleted individuals such as the eld-
erly.27,44,52,55 In summary, mostly unknown differences operating in the
neuropsychiatrically and circadian rhythm challenged ADHD patient
may account for differences in responsivity to ramelteon.

A significant increase in sleep fragmentation, irrespective of drug
state, was noted over the course of the study. While sleep hygiene often
improves initially during sleep studies as a result of keeping daily sleep
logs, it may not have been sustainable over the course of 8 weeks,
particularly for ADHD patients known for enthusiastic beginnings but
poor follow through. In addition, subjects had significantly worsened

PSYCHOPHARMACOLOGY BULLETIN: Vol. 44 · No. 2

RAMELTEON FOR INSOMNIA RELATED

45
Fargason, Gamble,
Avis, et al.

FARGASON  1/17/12  5:41 PM  Page 45



sleep fragmentation accompanying increased sleepiness during
ramelteon period, indicative of restless sleep. One explanation is that
the presence of even physiological doses of melatonin at the MT
receptor in the morning is known to delay rather than advance circa-
dian rhythms, and ramelteon has a 3–16 fold greater affinity than
melatonin for the receptor.28,56,57 Two studies by Burgess, et al. have
carefully examined the timing of two different doses of melatonin and
how they altered the circadian cycle by either advancing or delaying
sleep in a predictable fashion according to a phase response curve.25,26

Melatonin at 0.5 mg was shown to phase advance the sleep maximally
(1.5 hours) when it was taken 9–11 hour before sleep midpoint and
maximally delay sleep 1.3 hours when given 13.6 hours after dim light
melatonin onset (DLMO) in the early morning.25 A similar curve was
produced for the 3 mg dose but the maximal advances occurred when
it was taken even earlier, 11–12 hours before sleep midpoint.25 As
3 mg is already a supra-therapeutic dose, it is not known if higher
doses or more potent melatonergic agents such as ramelteon would
require an even earlier time of administration. In addition, the 3 mg
dose on the phase-response curve shows a “dead zone” of no response
from about the time of the baseline DLMO (about 3 hours before bed-
time) to the mid-sleep point.25 Dosing after this point in time will
delay sleep onset.26,56 Clinical trials with ramelteon determined that
the high tolerability and flattened dose response curve seen in very
large groups of subjects allowed all patients to be given the 8 mg dose
without a need for adjustment.32,58 For this reason we elected to
administer the medication according to standard Physician Desk
Reference (PDR) recommendations for our study subjects; 8 mg
Ramelteon 30 minutes prior to sleep in the “dead zone” for phase
response. (Unfortunately, the important Burgess et al phase response
paper describing this phenomenon was only recently published after
our trial was complete).25 Figure 2 shows a similar phase response
curve in our subjects when the change in mid-sleep time from baseline
is plotted against time before bed at which drug was taken. Optimal
advance occurred when medication was taken about 1.5 hours before
bedtime but low power, lack of statistical significance and the limited
time span for which drug was taken (within 3 hours of bed) limits the
conclusions that can be drawn from this result. However, most positive
studies for use of melatonin in CRSDs show timing of melatonin
1.5–6 hours before bedtime, consistent with these results.22,32,38,40

Dosing ramelteon too close to bedtime may have had initial salutary
hypnotic effects58; however, active metabolite lingering from the phase
advance zone, past the dead zone, into the delay zone of the phase
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response curve25 may have disrupted the circadian cycle, resulting in
fragmented sleep and next day fatigue.

Studies of exogenous melatonin suggest that for the MT-1 action,
the soporific effect of melatonin is such that the higher the dose, the
more profound the effect,59 therefore, when the dose is too high,
chronobiological effects may be lost and only the hypnotic actions
remain.16,29,57 Ramelteon’s stronger potency and much greater affinity
for MT-1 receptors than that of melatonin make it an extremely potent
initial soporific.28,50 However, improper timing and excessive dosing
can be problematic for MT-2 receptor activation involved in circadian
entrainment.28,29 While ramelteon has not been studied in ADHD or
in CRSDs, one study demonstrated significant circadian phase shift-
ing effects in healthy adults but only at the lower doses of 1.0, 2.0, or
4.0 mg and not at the 8.0 and 16.0 mg doses.19 In blind individuals,
for whom lack of light signals can lead to free-running circadian
rhythms, physiological doses of melatonin such as 0.3 mg may be more
effective for entrainment than doses greater than 2.0 mg.57 From a
clinical standpoint the more neuropsychiatrically challenged ADHD
patient with primary insomnia (a third of our study population), a dose
8 mg or higher just before bed may be required to activate MT-1
receptors and induce somnolence. For the other two-thirds of ADHD
patients with a circadian rhythm disorder, careful timing of 1, 2 and
4 mg doses for the MT-2 receptor activation might be more efficacious
for entraining an earlier rhythm. Differentiating dosing and timing of
ramelteon based on the typing of the insomnia should be explored in
future studies.

Consistent with other studies of ADHD and insomnia, ADHD
parameters for this study did not change during drug state over
placebo.4,7,8,42 Previous studies with standard hypnotics have also
shown improved sleep but not ADHD symptoms.13,60 The time at
which subjects took their medication ranged from 6:00 pm to 12:40 am,
but averaged 10:00 pm, a wide range which demonstrates the irregular
habits and inconsistency ADHD patients show in following directions.
This factor can affect clinical and study outcomes. Another incidental
finding was that clinical history from an ADHD patient does not
always reveal the true sleep disorder or the level of sleepiness and day-
time function. ADHD patients were better at quantifying their sleepi-
ness by functional scales and actigraphy than subjective spontaneous
history. Three of our 36 patients who initially met criteria for a CRSD
or primary insomnia were found to have other diagnosis by actigraphy.
Clinicians should have a low threshold to refer ADHD-insomnia
patients for a sleep study when faced with a poor treatment responder.
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LIMITATIONS OF STUDY

One important factor that affected analysis was the large placebo
effect for most measures over baseline, a phenomenon common in
insomnia studies.49 No clear paradigm to define a true response in the
face of extremely high placebo effect has been agreed upon by sleep
experts.

Actigraphy has limitations in validity for determining sleep onset
latency as it only detects movement, not sleep state. Removal of the
Actiwatch when swimming or bathing may not be accurately reported.
Other complications were the loss and destruction of the study
Actiwatches due to the impulsive and forgetful nature of patients with
ADHD. The advantage of examining naturalistic behavior by actigra-
phy was also a disadvantage; all subjects’ sleep became more fragmented
as the study progressed over time, complicating the evaluation of
change.

A shortcoming of the study design affected the collection of baseline
actigraphy data needed for the sleep timing (but not sleep quality) meas-
urements. Baseline data was collected for all study parameters during the
baseline week with the exception of actigraphy data which started simul-
taneously with week 1 drug period and continued through week 8.
Actigraphy data obtained during washout weeks 3 and 4 served as base-
line data for the placebo-active group as no active medication had been
given previously, but could not be used for the active-placebo group due
to the potential lingering circadian effects of drug. For the active-placebo
group, week 7 and 8 washout period data was available as baseline data,
but the separation of the active drug and baseline by four weeks render
timing comparisons unreliable due to potential changes in season, light,
daylight savings and personal schedules Hence, changes in sleep timing
due to drug were only examined for the second trial period, the placebo-
then-active group, reducing the statistical power for that measure and
excluding half of participants from these measurements.

Adults with ADHD have very limited tolerance for sustained activity
on repetitive tasks such as paperwork. A sleep study, which requires
nightly logs over a period of weeks, is inherently challenging for
ADHD patients. It is likely the patients may have completed some of
the logs from memory after missing a night or two, decreasing their
accuracy. Imprecision in sleep log times can significantly affect latency
estimates. One motivated patient sat for 3 hours in the waiting room
trying to complete paperwork; at least one other was less motivated.
Rybak had poor compliance with ongoing diaries in a 4-week study,
a problem noted in other studies.61 The length of the study was selected
to allow the Ramelteon two weeks to entrain the circadian rhythm;

PSYCHOPHARMACOLOGY BULLETIN: Vol. 44 · No. 2

RAMELTEON FOR INSOMNIA RELATED

48
Fargason, Gamble,

Avis, et al.

FARGASON  1/17/12  5:41 PM  Page 48



unfortunately the extended length of the study allowed enough time to
go by for the subjects’ sleep to fragment over time. Also the chaotic
behavioral patterns that can translate into poor sleep habits and odd
insomnia medication dosing times complicate the assessment and treat-
ment of the ADHD insomnia subject. Five of our subjects demon-
strated that they regularly stayed up either to complete tasks or perform
an enjoyable activity on the UAB insomnia questionnaire even when
they felt tired enough from “study medication” to sleep. A behavioral
program would have to precede pharmacologic management for a pos-
itive response in these types of patients.

CONCLUSION

This study confirms that the majority of adults with insomnia related
to ADHD have a CRSD and that ramelteon is effective in maintaining
an earlier mid-sleep time in this population but can also fragment sleep
and exacerbate daytime sleepiness. Initial positive and later negative
effects of ramelteon on sleep in this study population suggests that the
CRSD population may be particularly vulnerable to the residual pres-
ence of the potent melatonin agonist, leaving subjects with restless,
fragmented sleep at night (as if it was day-time) and intensifying the
already strong daytime sleepiness and impairment due to the existing
delay in sleep pressure into daytime hours (as if it were night-time).

Ramelteon has a novel mechanism of action as a hypnotic agent; its
circadian rhythm entraining properties, make it worthy of further
research in ADHD patients. More controlled studies furthering an
understanding of how best to work with melatonergic agents, specifi-
cally with attention to dosing, timing, typing of the insomnia and day-
time blood levels of ramelteon and its metabolites will increase the
utility of these agents. DLMO levels may eventually be available for
clinical use; these would provide useful information to assist in more
individualized timing of medication in relation to bedtime, allowing the
medication to be given at the appropriate point on each persons phase
response curve. Actigraphy is useful in this study population in typing
the different subtypes of insomnia and even identifying a small group
of more impaired subjects who did not separate out by clinical history
and standardized scales. ADHD patients form a large clinical popula-
tion sorely in need of a well-tolerated, non-addictive medication,31

which can be safely given on a chronic basis without alteration of the
sleep architecture. From a clinical standpoint, the authors recommend
careful sub-typing of the insomnia. When a CRSD is present,
ramelteon should be prescribed initially at doses of 1 to 4 mg per day
and worked up as necessary at a time 1.5–3 hours before sleep time and
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with careful attention to functional factors indicating daytime sleepi-
ness. Compliance with timing recommendations for insomnia medica-
tion should be explored regularly. Pharmacologic treatment should be
combined with behavioral treatments to strengthen the circadian
rhythm and heighten synchronizing cues, such as sleep hygiene princi-
ples, exercise and exposure to early morning bright light. ✤
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Do you lie down to sleep later than you should?

To what extent is your going to bed late due to:
a. Not tired/too keyed up to sleep
b. Participating in alternate enjoyable activities (i.e. TV, computer, text
 messaging)
c. Wanting to complete more goal oriented tasks (time management issues)
 (i.e. work, housekeeping, paperwork)

What type of thoughts pass through your head between lying down and falling asleep:
a. Worries
b. Negative or self berating thoughts
c. Random thoughts about life, similar to daytime thoughts (i.e. what are
 plans for weekend, etc.)
d. Anticipation about future events

Do your ADHD medications delay your ability to sleep or reduce the quality
of your sleep?

How often is going back to sleep when you awaken in the middle of the night
a problem for you?

How often is it difficult to become fully alert in the morning?

Do you make mistakes or hurt yourself related to being tired

How often is lateness/missing work, class, or appointments a problem in the
morning?

How often does being an evening type or a night owl cause you to get
inadequate sleep?

How often are the following driving behaviors a problem?
a. Impulsive when driving, weaving, pulling out in front of other cars,
 aggression or easily frustrated when driving
b. Not paying attention when driving, missing turns or exits or doing other
 things or getting distracted when driving
c. Traffic violations (i.e. wrecks, running red lights, stop signs or speeding
 [whether “caught” or not])

How often were the following behaviors a problem this week?
a. Temper loss/disputes
b. Offended without meaning to, had a misunderstanding with someone
c. Forgot or lost something important
d. Neglected my personal health (forgot medicine, missed doctor’s appt.,
 poor grooming, poor diet, or lack of exercise)
e. Poorly thought out choices or risky or dangerous behaviors

How often have you not accomplished goals?
a. Home front
b. Work/school

UAB Insomnia Questionnaire
Circle each items for the last week on a scale of 0−3, 0 being absent or poor, 3 being present to
maximum extent.

What time would you like to go to bed on workdays? (i.e. bedtime at which you go to sleep easier and perform
best the next day if going to sleep at this time?)

What time do you typically get in bed with the intent to sleep?

Could the study drug substitute for other “sleep aides” such as alcohol, marijuana, benadryl, sedatives?

Yes No
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