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Circadian rhythm sleep disorders (CRSDs) include delayed 
sleep phase syndrome (DSPS), advanced sleep phase syn-

drome (ASPS), shift work sleep disorder (SWSD), irregular 
sleep-wake pattern, non–24-hour sleep-wake syndrome, and 
jet lag.1 These disorders are characterized most prominently 
by symptomatic disruption of sleep and wakefulness arising 
from an incompatible phase relationship between the endog-
enous circadian rhythm in sleep propensity and the desired 
sleep-wake schedule. In jet-lag and SWSD, circadian misalign-
ment arises from the imposition of an incompatible sleep-wake 
schedule. In the case of other CRSDs, such as ASPS and DSPS, 
the exact mechanisms underlying the circadian misalignment 
are not entirely known. However, recent evidence indicates that 
functional polymorphisms or mutations in one or more of the 
circadian clock genes may be responsible for altered phase in 
some cases.2-5

It has been estimated that as many as 2% to 3% of the pop-
ulation experience sleep disruption as a consequence of shift 
work, and jet lag affects millions of people each year.1 Other 
CRSDs are less common overall, but often occur at higher fre-
quencies in certain demographic groups. For example, delayed 

sleep phase syndrome has been estimated to occur in about 7% 
of adolescents,6 and non–24-hour sleep phase syndrome occurs 
in as many as 40% of blind persons.7

Current treatments for CRSDs include phototherapy, chro-
notherapy, and pharmacotherapy.8-10 Phototherapy involves 
using timed bright light exposure to reset the timing of cir-
cadian rhythms. This treatment has been shown to be effec-
tive for DSPS and ASPS, but may be difficult to implement 
clinically because patients must adhere to a strict schedule of 
light exposure, which may often conflict with work or social 
requirements.9,11,12 Chronotherapy is the progressive advanc-
ing or delaying (depending on the disorder) of the sleep-wake 
time until an optimal sleep schedule is attained. The length of 
treatment, as well as the strict sleep and wake schedules, have 
contributed to difficulties with adherence to chronotherapy for 
many patients.9,13

Pharmacotherapy has also been investigated as a potential 
treatment for CRSDs. Use of hypnotic medications (i.e., ben-
zodiazepines and the newer benzodiazepine receptor agonists) 
can improve the insomnia symptoms associated with CRSDs, 
but these medications do not address the underlying circadian 
rhythm disorder.10,14 Melatonin has also been studied as a po-
tential treatment for CRSDs with some success; however, the 
effects have been inconsistent.15-17 A more potent melatonin re-
ceptor agonist may provide an additional treatment option for 
inducing phase shifts, either alone or in combination with other 
therapies.
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the phase of the circadian rhythm as assessed by the time at which 
salivary melatonin concentrations declined below 3 pg/mL after morn-
ing awakening (dim-light melatonin offset [DLMoff]).
Results: After 4 days of once-daily treatment, participants receiving 
1, 2, or 4 mg ramelteon exhibited statistically significant phase shifts 
in DLMoff of –88.0 (16.6), –80.5 (14.8), and –90.5 (15.2) minutes 

respectively, versus –7.1 (18.6) minutes for placebo (least-squares 
mean(SEM), p = 0.002, p = 0.003, p = 0.001, respectively). Change in 
DLMoff for the 8 mg dose of ramelteon, –27.9 (16.4) minutes, was not 
significantly different than that for placebo (p = 0.392).
Conclusions: Ramelteon (1, 2, or 4 mg per day) administered before 
bedtime significantly advanced the phase of the circadian rhythm after 
a 5-h phase advance in the sleep-wake cycle. These findings suggest 
that ramelteon has potential as a specific therapy for circadian rhythm 
sleep disorders.
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Phase-Shifting Effects of Ramelteon

Ramelteon is a specific MT1 and MT2 melatonin receptor 
agonist that has been shown to have chronobiotic properties in 
preclinical studies.18 In a previous clinical study, a single dose 
of ramelteon administered in the evening produced a significant 
phase advance of the melatonin rhythm in humans.19 The cur-
rent study was designed to examine the efficacy of ramelteon 
to facilitate resynchronization following an acute 5-h phase ad-
vance of the sleep-wake cycle, and to determine the optimal 
dose of ramelteon.

METHODS

Study Participants

Participants in the study were healthy males or nonpregnant, 
nonlacting females between the ages of 18 and 45 years, and with 
a body mass index of 18 to 30 kg/m2. Eligible participants had a 
habitual bedtime between 22:00 and 01:00, a median subjective 
sleep latency of less than 30 min, and a median subjective total 
sleep time between 6.5 and 9 h as determined by a sleep diary 
maintained during a 7-day screening period (completed within 
the 21 days before randomization). Exclusionary criteria includ-
ed previous exposure to ramelteon or to another investigational 
drug (within the preceding 30 days or 5 half-lives), recent sleep 
schedule changes (such as shift work or air travel across ≥ 3 time 
zones), history of a primary sleep disorder or other condition af-
fecting sleep (including alcohol or drug abuse and psychiatric 
disorders), caffeine consumption > 500 mg per day, smoking > 3 
cigarettes per day or during nighttime awakenings, significant 
medical or psychiatric disease, or use of any medications known 
to affect sleep/wake functions. One day before randomization, 
potential study participants were screened using polysomnog-
raphy (PSG) in the sleep laboratory beginning at habitual sleep 
time (calculated from pre-study sleep diaries). Single-blind pla-
cebo was administered before the screening/baseline recording. 
Baseline DLMoff was determined by a saliva sample collected 
immediately upon awakening after 8 h of PSG-monitored sleep. 
Subjects were excluded from further participation if they exhibit-
ed an apnea-hypopnea index (calculated as the number of apnea-
hypopnea events per hour of sleep) > 10 or periodic limb move-
ment associated with an arousal index (calculated as the number 
of periodic movements with arousal per hour) > 10.

Study procedures and informed consent forms were approved 
by a central Institutional Review Board (Coast Independent Re-
view Board, San Clemente, CA), which was responsible for 
overseeing compliance with the Declaration of Helsinki, the In-
ternational Conference on Harmonization Guidelines for Good 
Clinical Practices, federal regulations (21 Code of Federal 
Regulations), and state and local regulations. Each subject who 
chose to participate in the study signed the Informed Consent 
Form before any study-related procedures were performed.

Study Design

This study was a randomized, double-blind, placebo-con-
trolled trial of 4 fixed doses of ramelteon administered once 
daily for 4 consecutive days. Investigators at 16 sites in the 
United States participated in the study (12 sites randomized 
participants) (Appendix 1). Participants remained in a sleep 

laboratory for 6 days and 5 nights. Dim lighting conditions (<20 
lux) were maintained throughout the treatment period to avoid 
photic interference with endogenous melatonin secretion. On 
treatment day 1, a 5-hour phase advance of the sleep cycle was 
induced and maintained for the duration of the study. PSG re-
cordings of sleep were performed for each sleep period.

The primary objective of the study was to examine whether 
oral ramelteon (1, 2, 4, or 8 mg once daily), in comparison to 
placebo, significantly improved the re-entrainment of circadian 
rhythms in healthy adults subjected to a 5-h phase advance in 
their sleep cycle. Circadian phase was measured using dim-light 
melatonin offset time (DLMoff), which is defined as the time at 
which falling-phase salivary melatonin concentrations declined 
below 3.0 pg/mL while participants were maintained in dim 
light.20 The selection of melatonin offset (rather than the more 
commonly used onset of melatonin secretion, DLMon) was nec-
essary in this study because salivary measurements would have 
occurred during the sleep phase (as a consequence of the induced 
phase advance) and would have caused sleep disruptions that 
would have interfered with the assessment of sleep parameters. 
Drug effect was measured as change in DLMoff from Baseline 
to Day 4, relative to the placebo group. The impact on sleep was 
quantified as PSG-derived latency to persistent sleep (LPS), total 
sleep time, sleep efficiency, wake time after sleep onset, number 
of awakenings after persistent sleep, percent of sleep time in dif-
ferent sleep stages, and latency to REM sleep. Subjective mea-
sures of sleep were measured by a post-sleep questionnaire.

Study Procedures

Subjects completed a 2-phase screening procedure (described 
above) to determine their eligibility for randomization. Eligible 
participants were admitted to the sleep laboratory 8 h before ha-
bitual bedtime and received a physical examination and assess-
ments of vital signs, clinical laboratory parameters, pregnancy 
status (women of childbearing potential), and screens for alco-
hol and drug use. Subjects were randomized to receive placebo 
or one of 4 doses of ramelteon (1, 2, 4, or 8 mg) and remained in 
a sleep clinic for the remaining 5 days of the study under dim-
light conditions (< 20 lux).

Bedtime for the double-blind portion of the study was estab-
lished as 5 h before habitual bedtime for each participant in order 
to induce a 5-h advance in the sleep-wake cycle. Study drug was 
administered 30 min (± 5 min) before bedtime. Ramelteon was 
administered during the phase-advance portion of the melatonin 
phase-response curve. Previous studies have determined that this 
is the optimal time to induce a phase advance in humans using 
exogenous melatonin.21,22 No food was to be given within 2 h of 
bedtime. Participants were put to bed for 8 h of PSG-monitored 
sleep. Each morning, a saliva sample was collected within 5 min 
of awakening, and subjects completed a post-sleep questionnaire 
as well as assessments of vital signs, adverse events, and con-
comitant medications. Additional saliva samples were obtained 
every 60 min (± 5min) during all waking hours.

Participants were fed meals in the sleep laboratory and had 
access to snacks, but were required to refrain from strenuous 
exercise and were not permitted to nap. On the final morning 
of the study, after awakening and the collection of study data, 
participants were again assessed by physical examination, mea-
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surement of vital signs, and clinical laboratory tests before be-
ing discharged.

Data Analysis

DLMoff was calculated by linear interpolation using the 
times and salivary melatonin concentrations bracketing the 
time when salivary melatonin concentration declined below 3 
pg/mL for at least 2 consecutive determinations. Saliva samples 
were analyzed for melatonin concentration by Bioanalytical 
Systems, Inc (West Lafayette, IN). Melatonin was extracted 
from the saliva by a 96-well automated solid phase extraction, 
using a LC/MC/MS system with a SIELC Primesep 200 reverse 
phase ion-exchange column in series with a Synergi Hydro-RP 
MercuryMS LC/MS Cartridge and a Synergi Max-RP C-12 col-
umn with an acetonitrile/water/glacial acetic acid mobile phase. 
The calibration range for melatonin was 1.00 pg/mL–100 pg/
mL. Calibration curves for melatonin were obtained using a 1/
concentration weighted linear squares regression of peak height 
vs concentration. Objective and subjective measures of sleep 
were obtained from PSG or a post-sleep questionnaire of sub-
jective sleep quality, respectively. PSG data were scored from 
digital recordings at a central site by qualified scorers blind to 
study condition. Standard safety variables were assessed using 
clinical laboratory tests, vital signs, physical examination, ECG 
recordings, and incidence of adverse events.

Statistical analyses were performed on an intent-to-treat ba-
sis using t-tests, least-square (LS) means, and standard errors 
obtained from an analysis of covariance (ANCOVA) model 
containing terms for study center and treatment group, and us-
ing the baseline value as a covariate. All statistical tests were 
2-sided and performed at the 0.05 significance level.

RESULTS

In total, 113 volunteers entered the screening phase; 75 satis-
fied the entry criteria and were randomized to receive study drug 
(38 male, 37 female). One participant (8 mg ramelteon arm) 
voluntarily withdrew consent during the study but is included in 
the intent-to-treat analysis. No participants were lost to follow 

up or withdrew because of adverse events. Demographic and 
baseline characteristics of randomized participants are shown 
in Table 1. There were no significant differences among the 5 
arms in any demographic or baseline characteristics.

Change in Dim-Light Melatonin Secretion Offset Time (DLMoff)

The changes from baseline in salivary dim-light melatonin 
secretion offset time (DLMoff) for Days 1-4 are shown in Fig-
ure 1. Four days after a 5-h advance in their sleep-wake cycle, 
participants receiving placebo exhibited a nonsignificant LS 
mean (SE) shift in DLMoff of –7.1 (18.63) min (i.e., 7.1 min 
earlier than baseline). In contrast, those receiving 1, 2, 4, or 8 
mg ramelteon exhibited respective LS mean (SE) shifts in their 
DLMoff of –88.0 (16.6), –80.5 (14.8), –90.5 (15.2) and –27.9 
(16.4) min. The 95% confidence intervals for changes at Day 4 
from Baseline were (–130.8, –30.9), (–120.0, –26.7), (–130.8, 
–35.9), and (–69.3, 27.7) for 1 mg, 2 mg, 4 mg, and 8 mg ra-
melteon, respectively. Compared to the placebo group, DLMoff 
changes from baseline were significantly different in the 1 mg 
(p = 0.002), 2 mg (p = 0.003), and 4 mg (p = 0.001) ramelteon 
groups, but not in the 8 mg group (p = 0.392).

During the course of the double-blind treatment period, LS 
mean DLMoff for participants in the 4 mg ramelteon group 
showed significantly greater change from baseline as compared 
to the placebo group as early as Day 1 (–51.6 minutes versus 
–9.6 minutes, respectively; p = 0.015). The 1 mg and 2 mg 
ramelteon groups were significantly different from placebo on 
Day 2 (p = 0.004 and 0.006, respectively). The LS mean differ-
ences from placebo continued to increase on subsequent days 
for participants in these three groups, suggesting a cumulative 
phase-shifting effect of ramelteon (1, 2, and 4 mg) administered 
during successive days. At no time did participants in the 8 mg 
group exhibit a DLMoff that was statistically significantly dif-
ferent than participants in the placebo group.

Polysomnography

No significant differences were observed with regard to any 
of the PSG-measured parameters in comparisons of the ramelt-

Table 1—Demographic and Baseline Characteristics of Subjects in All Groups

Characteristic	 Placebo (n = 15)	 Ramelteon
			   1 mg (n = 14)	 2 mg (n = 16)	 4 mg (n = 15)	 8 mg (n = 15)
Age (years), Mean (SD)	 26.9 (8.0)	 25.9 (6.3)	 29.6 (7.6)	 26.2 (7.0)	 26.1 (5.7)
Sex (N), M/F 	 5/10	 7/7	 8/8	 9/6	 9/6
Race (N)					   
	 White	 12	 12	 13	 9	 8
	 Black	 3	 1	 2	 6	 7
	 Asian or Multiracial	 0	 1	 1	 0	 0
Height (cm), Mean (SD)	 170.9 (10.3)	 170.4 (11.0)	 168.9 (11.4)	 171.1 (11.9)	 173.9 (11.2)
Weight (kg), Mean (SD)	 71.8 (11.7)	 74.1 (14.5)	 71.3 (12.1)	 72.1 (15.2)	 77.4 (15.1)
Caffeine Consumption					   
	 None	 1	 3	 2	 5	 0
	 ≤ 500 mg/day	 14	 11	 14	 10	 15
Baseline DLMoff (time), Mean (SD)	 8:50 (1:22)	 9:29 (1:13)	 9:08 (1:12)	 9:28 (1:06)	 8:50 (1:21)
Baseline LPS (minutes), Mean (SD)	 19.9 (19.1)	 18.4 (22.0)	 20.5 (17.8)	 14.3 (10.2)	 17.9 (18.2)
Baseline TST (minutes), Mean (SD)	 412.2 (58.9)	 421.8 (53.6)	 408.8 (47.3)	 429.6 (26.9)	 423.6 (22.9)

LPS = latency to persistent sleep; TST = total sleep time; SD = standard deviation
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groups, respectively, versus –1.6 minutes for placebo) although 
the differences were not statistically significant. Ramelteon 1 mg 
and 2 mg recipients also reported an increase in subjective to-
tal sleep time in comparison to placebo, but again the difference 
was not statistically significant. Likewise, there were no signifi-
cant differences across the treatment groups with respect to the 
subjective assessments of the number of awakenings, the ease of 
falling asleep, sleep quality, or the restorative nature of sleep.

Safety and Adverse Events

A total of 24 subjects (32.0%) experienced at least 1 adverse 
event (AE) during the study. The incidence of AEs was similar 
between the placebo (4) and the ramelteon 1 mg (5), 2 mg (6), 
4 mg (4), and 8 mg (5) groups. The majority of AEs were mild 
or moderate in intensity with headache and nausea most com-
monly reported. There were no serious adverse events reported. 
The overall safety profile of ramelteon 1 mg, 2 mg, 4 mg, and 8 
mg was similar to placebo.

DISCUSSION

The results of this study indicate that ramelteon 1, 2, or 4 
mg, taken nightly, can facilitate the re-entrainment of circadian 
rhythms after a 5-h phase advance in healthy adults. Such a 
phase advance is similar to that experienced during eastward 
jet travel across 5 time zones. Subjects who took low doses of 
ramelteon, 30 min before bedtime, exhibited phase advances 
in DLMoff that were significantly greater than placebo. Fur-
thermore, there was continued improvement in adaptation to 
the new sleep-wake cycle during successive days for subjects 
receiving ramelteon. In contrast, those receiving placebo ex-
hibited little or no adaptation of their circadian rhythm, with no 
evidence of an accumulating phase advance during the 4-day 
study period.

Unlike subjects receiving lower doses of ramelteon, those 
receiving 8 mg per day did not exhibit a statistically significant 
phase advance in DLMoff compared with placebo. The mecha-

eon groups with the placebo group from Baseline to Day 4 
(Table 2). In addition, ramelteon was not associated with any 
significant differences in sleep architecture, as determined by 
the percentage of sleep time spent in any sleep stage (stages 1, 
2, 3/4, REM sleep), or in latency to REM sleep.

Subjective Sleep Assessment

Several subjective measures of sleep were assessed using a 
post-sleep questionnaire administered each morning after awak-
ening. By the fourth day of treatment with study drug, partici-
pants receiving ramelteon reported a decrease in the average 
subjective sleep latency (LS mean change from baseline: –6.7, 
–10.3, –3.3, –4.9 minutes for the 1 mg, 2 mg, 4 mg, and 8 mg 

Figure 1—Changes from baseline in DLMoff during each of the 
4 days of double-blind administration of study drug for placebo, 
ramelteon 8 mg, ramelteon 4 mg, ramelteon 2 mg, and ramelteon 
1 mg. Values shown are the least-square means (SE) with standard 
error bars obtained from ANCOVA. The number of subjects with 
evaluable DLMoff data for each time point was: Day 1–placebo 
(9), 8 mg (10), 4 mg (13), 2 mg (14), 1 mg (11); Day 2–placebo 
(10), 8 mg (11), 4 mg (13), 2 mg (14), 1 mg (11); Day 3–placebo 
(10), 8 mg (11), 4 mg (11), 2 mg (13), 1 mg (11); Day 4–placebo 
(10), 8 mg (11), 4 mg (13), 2 mg (14), 1 mg (11).
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Table 2—Sleep Measurement Changes from Baseline to Day 4 for All Groups

Sleep Measurement			   Change from Baseline to Day 4
		  Placebo	 Ramelteon 1 mg	 Ramelteon 2 mg	 Ramelteon 4 mg	 Ramelteon 8 mg
		  n = 15	 n = 14	 n = 16	 n = 15	 n = 15
LPS (min)
	 LS Mean (SE)	 –6.99	 –8.60	 –6.11	 4.18	 –5.39
	 p value*		  0.829	 0.901	 0.132	 0.829
TST (min)
	 LS Mean (SE)	 8.82	 24.28	 12.08	 –13.11	 2.49
	 p value*		  0.369	 0.842	 0.198	 0.710
Sleep Efficiency (%)
	 LS Mean (SE)	 1.84	 5.06	 2.51	 –2.75	 0.52
	 p value*		  0.368	 0.843	 0.197	 0.711
WASO (min)
	 LS Mean (SE)	 –5.85	 –19.43	 –6.68	 8.03	 0.96
	 p value*		  0.404	 0.957	 0.387	 0.673
NWAK (count)
	 LS Mean (SE)	 –1.8	 –1.2	 –1.1	 –1.1	 –0.8
	 p value*		  0.624	 0.517	 0.542	 0.396

*p value compared with placebo; LPS = latency to persistent sleep; TST = total sleep time; WASO = wake after sleep onset; NWAK = number 
of awakenings; SE = standard error

Phase-Shifting Effects of Ramelteon
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melatonin circadian cycle. Additionally, the ability of ramelt-
eon to precipitate phase delays has not been evaluated. Because 
there is evidence that endogenous melatonin may lead to phase 
delays when given in the morning, this is another potential area 
for further research with ramelteon.22,28,29

Conclusion

In persons subjected to a 5-h phase advance in the sleep-
wake cycle, such as experienced by eastward jet travel across 
5 time zones, ramelteon (1, 2, or 4 mg per day) advanced the 
phase of the endogenous circadian rhythm significantly better 
than placebo. The higher dose of ramelteon (8 mg) did not re-
sult in a significant phase shift compared with placebo. These 
results suggest that low-dose ramelteon may be effective for 
the treatment of CRSDs, although further study is required to 
determine its efficacy for the treatment of specific clinical con-
ditions.

Abbreviations
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ANCOVA – analysis of covariance
ASPS – advanced sleep phase syndrome
CRSD – circadian rhythm sleep disorder
DLMoff - dim-light melatonin offset
DLMO – dim-light melatonin onset
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REM – rapid eye movement
SWSD – shift work sleep disorder
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