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Objective: This study was a systematic review and meta-analysis of double-blind, rando-

mized, placebo-controlled trials, investigating the efficacy and tolerability/safety of melato-

nin receptor agonists, such as ramelteon and melatonin, for patients with bipolar disorder.

Methods: We carried out a literature search through PubMed and the Cochrane Library

from the date of inception to January 6, 2019. The risk ratio (RR), number needed to treat

(NNT), and standardized mean difference (SMD) ±95% CI were calculated. The primary

outcome was all-cause discontinuation.

Results: We identified three ramelteon (n=746) and two melatonin (n=53) studies. One of

these two melatonin studies reported only data on all-cause discontinuation, whereas the

other study did not report data relevant for a meta-analysis. We found no significant

differences between the treatment and placebo groups regarding all-cause discontinuation,

neither individually (p: ramelteon=0.86, melatonin=1.00) nor pooled together (p=0.85).

Although we found no significant differences between ramelteon and placebo regarding the

relapse due to mania/hypomania or mixed episode; Pittsburgh Sleep Quality Index scores;

depression scales scores; Quality of Life Enjoyment and Satisfaction Questionnaire – Short

Form scores; and the incidence of individual adverse events, such as headaches, insomnia,

somnolence, anxiety, and dizziness, ramelteon was associated with a lower incidence of

relapse due to depression than placebo (RR=0.67, 95% CI=0.48–0.94, p=0.02, NNT=14).

Conclusion: Ramelteon might prevent relapse due to depression in patients with bipolar

disorder. However, because of the small number of studies included in the present systematic

review and meta-analysis, further studies comparing ramelteon and placebo with larger

samples of patients with bipolar disorder are warranted. We also did not evaluate the efficacy

and safety of melatonin for patients with bipolar disorder in detail.
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Introduction
Bipolar disorder is a common psychiatric disease,1 with a lifetime prevalence of

approximately 1%.2 It is a potentially lifelong and disabling condition characterized

by acute episodes of mania (or hypomania) and depression.3,4 Recent treatment guide-

lines for bipolar disorder recommend pharmacotherapy (eg, lithium, some anticonvul-

sants, and several antipsychotics) for the acute phase.5,6 Because patients with bipolar

disorder tend to relapse repeatedly,1 pharmacotherapy (especially lithium7) is recom-

mended to be continued during the maintenance phase.5,6 A previous cohort study has
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reported that only approximately 10% of patients with bipo-

lar I disorder maintain remission for 5 years.8 Few patients

achieve lifelong remission with continued existing pharma-

cological treatment.

A recent cohort study reported that 50% of patients

with bipolar disorder exhibit abnormal sleep, with 50%

presenting circadian rhythm disturbances.9 A cross-

sectional study revealed that in patients with bipolar

disorder, circadian rhythm disturbances are associated

with an increased risk of relapse.10 A recent review

has suggested the occurrence of melatonin secretion

abnormalities associated with the pathophysiology of

bipolar disorder.11 Melatonin is a hormone secreted pre-

dominantly by the pineal gland under circadian varia-

tion, which is regulated by the central circadian

pacemaker in the suprachiasmatic nuclei (SCN) of the

hypothalamus.11 A previous cross-sectional study has

demonstrated that patients with bipolar disorder present

significantly lower serum melatonin levels than healthy

controls.12 The recent cohort study has reported that

patients with abnormal sleep present lower melatonin

levels over 24 hrs of secretion than both controls and

patients with normal sleep.9 Therefore, we hypothesized

that melatonin receptor agonists, such as melatonin and

ramelteon, are beneficial for the treatment of the symp-

toms of bipolar disorder, including insomnia. Ramelteon

is a melatonin receptor full agonist with both high

affinity for melatonin MT1 (which inhibits the arousal

signals coming from the SCN that maintain wakeful-

ness) and MT2 (which synchronize the circadian clock

to the day–night cycle) receptors located within the

SCN.13,14 The activity of ramelteon at the MT1 and

MT2 receptors exerts sleep-promoting properties

because these receptors, which are acted upon by endo-

genous melatonin, are involved in the maintenance of

the circadian rhythm underlying the normal sleep–wake

cycle.13

To date, three randomized placebo-controlled trials (RCTs)

have been conducted to investigate the use of ramelteon for the

treatment of bipolar disorder.17 However, these provided

inconsistent efficacy outcomes. For example, the RCT con-

ducted by Mahableshwarkar (2017) reported that ramelteon

was superior to placebo in terms of the Quality of Life

Enjoyment and Satisfaction Questionnaire short-term version

(Q-LES-Q)18 score,15 whereas that conducted by McElroy

(2011) did not detect an effect by ramelteon

(Table 1).16 Although one RCT reported that ramelteon was

associated with a longer time to relapse than placebo,17 two

RCTs did not report a significant difference between the

groups in terms of the relapse rate (Table 1).15,17 Such results

might be caused by type II errors related to an insufficient

sample size. In fact, the statistical power of relapse rate due to

depression in each RCTwas small (ie, approximately 30% in

the study by Norris and 50% in that by Mahableshwarkar).

A meta-analysis can increase the statistical power for group

comparisons, thereby overcoming the limitations of sample

size in underpowered studies.19 Therefore, the results of

a systematic review and meta-analyses present a higher level

of evidence than individual RCTs.19 Here, we conducted the

systematic review and meta-analysis of RCTs comparing the

efficacy and tolerability/safety of ramelteon in relation to

placebo in patients with bipolar disorder. Moreover, to

increase the statistical power of our study, we conducted this

meta-analysis, combining data from ramelteon and melatonin

RCTs, as melatonin receptor agonists. We defined all-cause

discontinuation as the primary outcome because it contained

various elements needed to evaluate the efficacy, safety, and

tolerability of the treatment.

Materials and methods
We conducted this meta-analysis according to the Preferred

Reporting Items for Systematic Reviews and Meta-analyses

(PRISMA) guidelines (Table S1).20 This study was registered

with PROSPERO (CRD42018118292, https://www.crd.york.

ac.uk/prospero/).

Search strategy and studies’ inclusion
criteria
Three authors (T.K., I.N., and K.S.) identified relevant

RCTs by independently searching MEDLINE, the

Cochrane Library, and Scopus without language restrictions

from the date of inception to January 6, 2019, using the

following search strategy: (ramelteon OR melatonin) AND

(bipolar OR affective OR mood OR mania OR manic OR

depressi*) AND (random*). The three authors (T.K., I.N.,

and K.S.) assessed the inclusion/exclusion criteria and inde-

pendently selected the studies. References of included

RCTs and review articles were also searched for citations

of additional relevant published and unpublished studies,

such as conference abstracts. The clinical trial registries

(ClinicalTrials.gov [http://clinicaltrials.gov/] and WHO

International Clinical Trials Registry Platform [http://

www.who.int/ictrp/search/en/]) were also searched to

include as many RCTs as possible, thereby minimizing the

possibility of publication bias.
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Data extraction, synthesis and outcome

measures
The three authors (T.K., I.N., and K.S.) independently

extracted data from the included articles. Our meta-analysis

was based on either an intention-to-treat (ITT) or a modified

ITT analysis. Although we planned to contact the RCTs’

authors and request unpublished data whenever data required

for the meta-analysis were missing, this was not done because

unpublished data were not required for the meta-analysis.

We defined all-cause discontinuation as the primary out-

come. Secondary outcomes were the study-defined relapse

rate due to manic/hypomania, mixed episode, or depression;

YoungMania Rating Scale (YMRS) score21 depression scales

(ie, the Montgomery–Åsberg Depression Rating Scale22 used

in the study by Norris17 and the Inventory for Depressive

Symptoms23 used in the study by McElroy16); the Pittsburgh

Sleep Quality Index (PSQI)24 or Q-LES-Q-SF at the study

endpoint; discontinuation due to adverse events; and

Table 1 Details of the study, patients, and treatment regimens used in the double-blind, randomized, placebo-controlled trials included

in the present systematic review and meta-analysis

Study, coun-
try, funding

Study
design

Inclusion criteria Drug (mg/
d)/n

Mean age
(years)/
male (%)

Efficacy outcomes1,2

Mahableshwarkar

2017, USA and

Latin America,

industry

12 months,

DBRPCT

Adult (18–75 years) op with BDI (DSM-IV

-TR) taking various MS, AAP, and/or AD.

Patients were clinically stable (≥8 weeks

before baseline, with the most recent

mood episode between 8 weeks and

9 months before screening. MADRS≤12,

YMRS≤10, CGI-S≤2, HAMA≤21 at both

screening and baseline visits).

RAM-SL0.8/

154

41.7±12.5/41.6 Time to relapse, relapse rate

(mania, depression, mixed epi-

sode): RAM-SL0.8=PLA, RAM-

SL0.4=PLA, RAM-SL0.1=PLA,

Q-LES-Q-SF: RAM-SL0.8>PLA,

RAM-SL0.4>PLA, RAM-SL

0.1>PLA

RAM-SL0.4/

160

42.9±11.7/42.5

RAM-SL0.1/

164

43.0±13.3/45.7

PLA/164 44.2±12.2/41.5

McElroy 2011,

USA, industry

8 weeks,

DBRPCT

Adult (18–65 years) op with BDI (DSM-

IV-TR based on MINI) taking various MS,

AAP, and/or AD. Patients experienced

mild-to-moderate manic symptoms

(YMRS=10–25) and had clinically signif-

icant sleep disturbance (PSQI>5).

RAM8/10 35.9±2.8/30.0 PIRS, PSQI, YMRS, IDS, HAMA,

Q-LES-Q-SF: RAM8=PLA
PLA/11 35.0±3.5/45.5

Norris 2013,

USA, industry

24 weeks,

DBRPCT

Adult (18–65 years) op with euthymic

BDI (DSM-IV-TR based on MINI) taking

various MS, AP, and/or AD. Patients had

clinically significant sleep disturbance

(PSQI≥5). Patients were clinically stable

(MADRS≤12 and YMRS≤12 at both

screening and baseline visits).

RAM8/42 46.6±11.0/38.1 Time to relapse: RAM8>PLA

PSQI, YMRS, MADRS, relapse

rate (mania, depression, mixed

episode): RAM8=PLA

PLA/41 45.2±10.8/36.6

Leibenluft 1997,

USA, non-

industry

12 weeks,

DBRPCCT

Adult op with rapid-cycling BD (based on

SCID). Patients had at least 4 affective

episodes within the past year.

Number of

patients

included in this

study were 5

47.2±3.8/0.0 Daily self-rating scale and sleep

log, HAMD, hypomania inter-

view: MEL10=PLA

Mostafavi 2014,

Iran, non-industry

12 weeks,

DBRPCT

Adolescent (11–17 years) op with BDI

(DSM-IV-TR). 18≤BMI≤25. All patients

received OLA+lithium during the study.

MEL3/24 14.4±1.7/57.9 SBP, T-chol: MEL3>PLA,

DBP, FBS, TG, BMI: MEL3=PLAPLA/24 14.5±1.3/47.4

Notes: 1Primary outcomes in each study are underlined. 2A > B: A was superior to B, A = B: A was similar to B

Abbreviations: (A)AP. (atypical) antipsychotic; AD, antidepressant; BD(I), bipolar (I) disorder; BMI, body mass index; CGI-S, Clinical Global Impressions-severity illness

scale; DBP, diastolic blood pressure; DBRPCT, double-blind, randomized, placebo-controlled trial; DBRPCCT, double-blind, randomized, placebo-controlled crossover trial;

DSM(-III or IV)(-TR), Diagnostic and Statistical Manual of Mental Disorders (3rd or 4th Edition) (Text Revision); FBS, fasting blood sugar; HAMA, Hamilton Anxiety Rating

Scale; HAMD, Hamilton Depression Rating Scale; IDS, Inventory for Depressive Symptoms; MADRS, Montgomery Åsberg Depression Rating Scale; MEL, melatonin; MINI,

Mini International Neuropsychiatric Interview; MS, mood stabilizer; n, number of patients; OLA, olanzapine, op: outpatient; PIRS, Pittsburg Insomnia Rating Scales (65-item

version); PLA, placebo; PSQI, Pittsburgh Sleep Quality Index; Q-LES-Q, Quality of Life Enjoyment and Satisfaction Questionnaire – Short Form; RAM(-SL), ramelteon(-

sublingual administration); SBP, systolic blood pressure; SCID, Structured Clinical Interview for DSM-III-R; T-chol, total cholesterol; TG, triglyceride; USA, United States of

America; YMRS, Young Mania Rating Scale.
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individual adverse events. For four-arm studies (ie, those

including sublingual administration of ramelteon at 0.1 mg,

0.4 mg, 0.8 mg, and placebo),15 data pertaining to all ramel-

teon treatment doses were combined into the ramelteon group

to avoid a unit-of-analysis error.19 The pharmacokinetic study

showed that the exposure (measured as the area under the

concentration–time curve) attained with sublingual ramelteon

at 0.5 mg was similar to that attained with an oral formulation

of ramelteon at 8 mg.15

Meta-analytic methods
We conducted meta-analyses using the Review Manager

(RevMan) (Computer program). Version 5.3. The Nordic

Cochrane Centre, The Cochrane Collaboration, 2014;

Copenhagen, Denmark. A random-effects model was selected

because of potential heterogeneity across studies. For each

meta-analysis, we estimated the risk ratio (RR) along with its

95% CI. Whenever the RR revealed significant differences

between the groups in terms of efficacy or adverse events, we

calculated the number needed to treat (NNT) from the risk

difference (RD) using the following formula: NNT=1/RD. For

continuous data, we calculated standardized mean differences

(SMDs).25 We investigated study heterogeneity using the Chi-

square test of homogeneity (p<0.05) together with the I2 sta-

tistic, considering a level of I2≥50% as indicative of consider-

able heterogeneity.26 Our meta-analysis showed that the effect

of ramelteon was superior to that of placebo regarding relapse

rate due to depression. Although we included

Mahableshwarkar’s study15 in this meta-analysis, it concerned

the administration of sublingual ramelteon at 0.8 mg/day

(equivalent to an oral administration of 12.8 mg/day), which

was estimated to exceed the approved dose (ie, oral ramelteon,

8mg/day). Because the sublingual administration of ramelteon

at 0.8 mg/day might influence the results of relapse rate due to

depression, we added a subgroup meta-analysis, which

excluded the arm receiving sublingual ramelteon at 0.8 mg/

day from Mahableshwarkar’s study. We assessed the metho-

dological quality of the included articles using the Cochrane

risk-of-bias tool.19 We did not explore potential publication

bias because there were more than 10 studies to examine

publication bias using funnel plots.

Results
Details of the RCTs included in the

current study
Among the 1,403 results retrieved by the search, we

removed 1,394 as duplicates or articles excluded based on

information provided by the abstract or title. Additionally,

we excluded four articles after full-text review, including

three review articles27-29 and one study30 is the same as

Mostafavi 2014 study,31 which resulted in five included

RCTs (Figure S1).15–17,31,32 Moreover, we did not retrieve

any additional RCTs by searching review articles and clin-

ical trial registries; therefore, we conducted the meta-

analysis with only five RCTs (three ramelteon [n=746]

and two melatonin [n=53] RCTs). Details of each study

are presented in Table 1. The methodological quality of

each RCT, based on the Cochrane risk-of-bias tool, is pre-

sented in Figure S2. All RCTs were double-blind. The study

duration ranged from 8 weeks to 12 months. Although all

ramelteon RCTs were industry sponsored, they used either

an ITT or a modified ITT analysis. Mahableshwarkar;’s

study (2017) used sublingual ramelteon, which was an off-

label formulation.15 Three RCTs included only adult out-

patients with bipolar I disorder.15–17 Another RCT

(Mostafavi 2014) included adolescent outpatients with

bipolar I disorder and reported only data pertaining to all-

cause discontinuation.31 The remaining one RCT

(Leibenluft’s study) including adult outpatients with rapid-

cycling bipolar disorder was a crossover RCT of melatonin

and did not report any relevant available data to be included

in a meta-analysis.32 Patients included in all five RCTs took

psychotropic drugs, such as mood stabilizers, antipsycho-

tics, and/or antidepressants, at the study baseline.

Results of the meta-analysis
Neither pooled nor individualmelatonin agonists differed from

the placebo in terms of the primary outcome (Figure 1).

Although we found no significant differences between the

ramelteon and placebo groups regarding the relapse due to

mania/hypomania or mixed episode; PSQI scores; depression

scale scores; Q-LES-Q-SF scores; and the incidence of indivi-

dual adverse events, such as headache, insomnia, somnolence,

anxiety, and dizziness, ramelteon was associated with a lower

incidence of relapse due to depression than placebo (RR=0.67,

95% CI=0.48–0.94, p=0.02, NNT=14) (Table 2), which was

consistent with results of a subgroup meta-analysis excluding

the arm receiving sublingual ramelteon at 0.8 mg/day in

Mahableshwarkar’s study (RR=0.63, 95% CI=0.44–0.91,

p=0.01, NNT=13).

Discussion
The present study constitutes the first meta-analysis of

RCTs examining the efficacy and safety of melatonin

receptor agonists (ramelteon and melatonin) compared
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with placebo for the treatment of bipolar disorder. The

meta-analysis was focused on a single outcome (ie, all-

cause discontinuation) obtained from pooled data from

ramelteon and melatonin RCTs. Although ramelteon and

placebo had similar relapse rates due to mania/hypomania

or mixed episodes, ramelteon was superior to placebo in

preventing depression relapse. Two RCTs were included in

relapse due to depression, each of which failed to

Table 2 Meta-analysis results: ramelteon versus placebo

Efficacy

Outcome N n I2 Effect size 95% CI p

Relapse rate due to mania/hypomania 2 705 0% RR=1.05 0.43–2.59 0.91

Relapse rate due to mixed episodes 2 705 5% RR=0.95 0.34–2.67 0.92

Relapse rate due to depression 2 705 0% RR=0.67 0.48–0.94 0.02*

Depression scales 2 102 0% SMD=0.07 −0.32 to 0.46 0.71

PSQI 2 102 61% SMD=−0.04 −0.83 to 0.74 0.91

Q-LES-Q-SF 2 641 0% SMD=−0.04 −0.22 to 0.13 0.63

Safety

Outcome N n I2 Effect size 95% CI p

Discontinuation due to adverse events 3 744 0% RR=0.90 0.62–1.29 0.57

Abnormal dream 2 104 68% RR=0.67 0.03–15.76 0.80

Anxiety 2 723 46% RR=1.54 0.19–12.78 0.69

Dizziness 2 723 0% RR=1.08 0.32–3.64 0.90

Fatigue 2 723 3% RR=0.64 0.23–1.81 0.40

Headache 3 744 0% RR=1.00 0.56–1.78 0.99

Insomnia 2 723 0% RR=0.82 0.42–1.61 0.57

Somnolence 3 744 0% RR=1.45 0.63–3.32 0.39

Diarrhea 3 744 0% RR=0.92 0.42–2.04 0.84

Nausea 2 661 22% RR=0.62 0.17–2.32 0.48

Upper respiratory tract infection 2 661 0% RR=0.71 0.36–1.39 0.31

Notes: *Number need to treat=14, p=0.04.
Abbreviations: N, Number of studies; n, number of patients; PSQI, Pittsburgh Sleep Quality Index; Q-LES-Q-SF, Quality of Life Enjoyment and Satisfaction Questionnaire –

Short Form; RR, risk ratio; SMD, standardized mean difference.

Figure 1 All-cause discontinuation.

Abbreviation: M-H, Mantel–Haenszel.
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demonstrate that ramelteon was superior to placebo in

terms of this outcome.15,17 Therefore, the positive effect

of ramelteon on relapse due to depression was detected by

raising the statistical power through the use of a meta-

analysis. Because we failed to detect significant heteroge-

neity in this outcome, they were considered similar in

terms of study design (the long duration of double-blind,

randomized, placebo-controlled trial) and participants’

characteristics (clinically stable adults patients with bipo-

lar I disorder). Because we found no significant differences

between the ramelteon and placebo groups regarding

adverse events, ramelteon was considered to be well-

tolerated. Given the above evidence, we suggested that

ramelteon is useful to prevent relapse due to depression

in adult patients with clinically stable bipolar I disorder.

Although ramelteon is a hypnotic agent, our study

showed that it did not improve the PSQI score compared

with placebo. Unfortunately, our study did not evaluate

other outcomes related to sleep disturbances because data

available were insufficient to conduct a meta-analysis. In

fact, only two RCTs on ramelteon included patients with

sleep disturbances.16,17 Moreover, the sample size in these

RCTs was small. Recent systematic reviews have reported

that melatonin receptor agonists decrease diastolic blood

pressure, fat mass, and blood triglycerides among psychia-

tric patients using atypical antipsychotics.27,29 However,

our study did not examine whether melatonin receptor

agonists were beneficial for these outcomes because no

relevant data were available in RCTs including only

patients with bipolar disorder. Therefore, further studies

using larger samples are needed to investigate whether

melatonin receptor agonists improve sleep disturbances

and antipsychotic induced metabolic side effects in

patients with bipolar disorder.

The present study had other limitations. First, the total

number of included studies and patients was small; second,

the efficacy of melatonin was not evaluated; third, because

all RCTs on ramelteon were industry sponsored, the results

might reflect an industry-sponsored bias19 fourth, because

funnel plots are generally used only if 10 or more studies

are included in the meta-analysis, these were not used to

explore potential publication bias19 fifth, the duration of

RCTs included in the present study was relatively short

(ie, the longest study lasted 12 months); and finally, the

study conducted by Mahableshwarkar used sublingual

ramelteon,15 which is a formulation lacking approval world-

wide. Further studies using larger samples are needed to

examine whether oral ramelteon prevents relapse due to

depression in adult patients with clinically stable bipolar

I disorder. It also needs to examine whether ramelteon has

a benefit for the treatment of other types of bipolar disorder

(eg, bipolar II or cycling patients) and gender of patients. In

addition, a study using actigraphy is needed to examine

whether ramelteon influences circadian activity and sleep

patterns in bipolar disorder.

Conclusion
In conclusion, ramelteon may exert a benefit in preventing

relapse due to depression in adult patients with clinically

stable bipolar I disorder. However, further RCTs of melato-

nin versus placebo using larger samples of patients with

bipolar disorder are needed to confirm this potential benefit.
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