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Abstract
The purpose is to evaluate the effect and safety of ramelteon 8 mg/day for 8 weeks in the treatment of insomnia in patients 
with concurrent depression in an exploratory manner. This phase 4, open-label, exploratory study included outpatients aged 
20 to < 65 years with sleep-onset insomnia and major depressive disorder taking stable antidepressant medication. Following 
a 1-week run-in, 26 eligible patients received ramelteon 8 mg/day plus their usual antidepressants for 8 weeks. Outcomes 
included sleep parameters measured by actigraphy and sleep diary, 3-Dimensional Sleep Scale (3DSS), 17-item Hamilton 
Rating Scale for Depression (HAM-D17), Patient Global Impression (PGI), adverse events, and body weight. Actigraphy- and 
diary-measured sleep latency improved at the end of ramelteon treatment (mean decrease − 6.8 and − 11.5 min, respectively), 
but neither change reached statistical significance in this exploratory study. Other subjective measures indicated improved 
sleep, including diary-measured total sleep time (mean change + 41.2 min; p = .0220) and number of nocturnal awakenings 
(− .4; p = .0420), and 3DSS total scores for sleep quality and quantity (p < .01). Most patients (88.5%) reported improve-
ment in PGI. HAM-D17 total scores improved at end of treatment (mean change − 4.0; p < .0001). One patient discontinued 
ramelteon due to moderate somnolence. Ramelteon coadministered with antidepressants was well tolerated. Results from 
this exploratory study suggest that ramelteon may be effective and well tolerated in the treatment of sleep-onset insomnia in 
patients with concurrent depression.
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Introduction

Insomnia is a common medical condition in Japan, with 
clinical and social consequences [1]. The prevalence of 
depression in Japan is rising, partly in association with 
increasing workplace demands, and poses a social and eco-
nomic burden [2–4]. Insomnia and depression often coexist 
[5], and treatment of insomnia symptoms has been reported 
to improve the response to antidepressants [6]. Insomnia is 
more prevalent with increasing age and lifestyle factors such 

as obesity, but is also associated with an altered circadian 
rhythm due to an irregular sleep schedule, and anxiety about 
sleep expectations. Depression, which is typically associ-
ated with anxiety, is now known to also be exacerbated by 
an irregular sleep schedule. Thus, insomnia and depression 
have some common risk factors, which may explain the fre-
quent comorbidity of these conditions [7, 8].

The benzodiazepine and nonbenzodiazepine hypnotics, 
which act as gamma-aminobutyric acid (GABA)A recep-
tor agonists, have long been the treatments of choice for 
insomnia [9, 10]. However, both classes exert sedative and 
anxiolytic effects, and are associated with next-day seda-
tion, cognitive deficits such as anterograde amnesia, rebound 
withdrawal symptoms of anxiety and insomnia, and risk of 
dependence [10, 11]. Ramelteon is a novel melatonin recep-
tor agonist with high selectivity for the melatonin MT1/
MT2 receptors [12]. Preclinical and clinical studies have 
shown that ramelteon is associated with sleep promotion 
and can accelerate circadian rhythm re-entrainment, leading 
to the improvement of both transient and chronic insomnia 

 * Keisuke Nakatome 
 keisuke.nakatome@takeda.com

1 Department of Neuropsychiatry, Kurume University School 
of Medicine, Kurume, Japan

2 Japan Medical Office, Takeda Pharmaceutical Company 
Limited, 1-1 Nihonbashi-Honcho 2-chome, Chuo-ku, 
Tokyo 103-8668, Japan

3 Department of Psychiatry, Nihon University School 
of Medicine, Tokyo, Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s41105-019-00230-3&domain=pdf


398 Sleep and Biological Rhythms (2019) 17:397–405

1 3

without sedative or anxiolytic effects [12–17]. Ramelteon 
is approved in Japan and used for the treatment of insomnia 
characterized by difficulty falling asleep [18]. Ramelteon’s 
lack of sedative and anxiolytic properties may be clinically 
important, particularly in the treatment of patients with 
insomnia and concurrent depression.

There are limited reports on the efficacy and safety of 
ramelteon in patients with insomnia and depression or 
other psychiatric diseases [19, 20], and none of the reported 
studies used objective measures. The present study is thus 
designed to evaluate the efficacy of ramelteon in the treat-
ment of insomnia in patients with concurrent depression, 
using both objective and subjective measurements in an 
exploratory manner.

Materials and methods

Study design

This was a phase 4, multicenter, single-arm, open-label, 
exploratory study to measure the effect of ramelteon using 
actigraphy and a sleep diary in patients with insomnia and 
major depressive disorder. The study included a 1-week run-
in period when patients continued their usual antidepressant 
medication and were instructed to keep a daily sleep diary 
and continuously wear an actigraph device. Patients who 
were eligible at the end of the run-in period then entered 
the 8-week treatment period and received 8 mg ramelteon 
once daily in addition to their usual antidepressant medica-
tion, and continued to keep a sleep diary and wear an acti-
graph. The use of fluvoxamine and insomnia medications 
other than ramelteon was prohibited during the study. Patient 
visits occurred at the start of the run-in period, at the start of 

the treatment period (baseline), and at weeks 4 and 8 of the 
treatment period (Fig. 1).

The study was conducted at 7 medical institutions 
throughout Japan between May 2017 and January 2018. 
The study was approved by the ethics committees of each 
study site and conducted in compliance with Japanese Ethi-
cal Guidelines for Medical and Health Research Involving 
Human Subjects, the International Conference on Harmo-
nisation guidelines defining Good Clinical Practice, and 
the Declaration of Helsinki. All patients provided written 
informed consent. The study was sponsored by Takeda Phar-
maceutical Company Limited, and is registered at clinical-
trials.gov (NCT02669082) and the Japan Pharmaceutical 
Information Center (JapicCTI-163143).

Study population

Eligible patients were male and female outpatients aged 20 
to < 65 years, with sleep-onset insomnia on at least 3 days 
per week for at least 4 weeks before giving informed con-
sent, with a routine sleep schedule defined as bedtime 
between 21:00 and 01:00 on at least 4 days per week. Eli-
gible patients also had depression, diagnosed according to 
Diagnostic and Statistical Manual of Mental Disorders Fifth 
Edition (DSM-5), and were on stable antidepressant medica-
tion, with no change of antidepressant medication or dosage 
for at least 4 weeks before the run-in period.

At the start of the run-in period and the start of the treat-
ment period, patients were to have a total score of ≤ 16 on 
the 17-item Hamilton Rating Scale for Depression (HAM-
D17), indicating mild depression, as well as either an HAM-
D17 “Insomnia Early” score of 2, or an HAM–D17 score of 
1 for “Insomnia Early” and subtotal score of ≥ 3 for “Insom-
nia Middle” and “Insomnia Late”. During the run-in period, 
patients were to have sleep latency of ≥ 30 min and total 

Fig. 1  Study design. Wk week Run-in 
Period Treatment Period
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nocturnal sleep time of ≤ 6.5 h on ≥ 3 days, measured by 
actigraphy.

Patients were ineligible to enter the study if they had 
psychiatric or neurological diseases other than depres-
sion that could affect sleep status; were shift workers or 
night workers; took oral ramelteon within 4 weeks before 
informed consent; or took any oral insomnia medications 
within 2 weeks before the treatment period. Patients were 
also ineligible if they had an HAM-D17 “Suicide” score 
of ≥ 1 at the start of the run-in period or treatment period, or 
had made any suicide attempts within 24 weeks prior to or 
during the run-in period. Patients were excluded if they had 
severe liver disorder, or were pregnant, nursing, or planning 
to become pregnant or donate eggs up to 4 weeks after the 
end of the study.

Treatment protocol

Patients who were eligible at the end of the run-in period 
received ramelteon  (Rozerem®; Takeda Pharmaceutical 
Company Limited), a novel melatonin receptor agonist 
approved for the treatment of insomnia characterized by 
difficulty with sleep onset. Patients were to take one 8 mg 
ramelteon tablet once daily at bedtime for 8 weeks.

Patients were also to continue their usual oral antidepres-
sant medication without any change to the dosage regimen 
during the study. The addition of antidepressants was not 
allowed from 4 weeks before the run-in period.

Insomnia medications other than ramelteon were not to 
be used and non-pharmacological insomnia treatments were 
not to be added or changed during the study.

Outcome measures

Patient rest and physical activity were measured objectively 
with an FS-750 actigraph (Acos Company Limited, Nagano, 
Japan) worn throughout the study. The device was worn at 
the waist, as it was less affected by movement artifacts than 
actigraphs worn at the wrist [21]. Actigraphy data analysis 
software (SleepSign Act; Kissei Comtec Company Limited, 
Nagano, Japan) was used to calculate sleep latency, total 
sleep time (TST; total time in bed minus sleep latency, wake 
after sleep onset [WASO], and time from waking to leav-
ing the bed), WASO, the number of nocturnal awakenings, 
sleep efficiency ([TST/total time in bed] × 100), and daytime 
activity level (step counts). For each of these parameters, 
the validity of the measured data was checked according to 
pre-specified procedures. Sleep parameters were calculated 
for baseline, week 4, and week 8 using the mean value from 
the previous 7 days.

Sleep parameters were assessed subjectively using a sleep 
diary in which patients recorded sleep latency, bedtime 
hour, awakening hour, and number of nocturnal awakenings 

throughout the study. The TST was calculated as total time 
in bed (awaking hour minus bedtime hour) minus sleep 
latency; thus, TST based on the sleep diary included time 
awake during the night and, therefore, differed from TST 
using actigraphy, which excluded WASO and time from 
waking to leaving the bed.

The 3-Dimensional Sleep Scale (3DSS), a patient-admin-
istered questionnaire developed in Japan, was used to assess 
sleep dimensions and phases [22]. The 3DSS consists of 
15 questions that assess 3 sleep dimensions: sleep phase (i.e., 
regularity), sleep quality, and sleep quantity. Each question 
is answered using a four-point scale (0–3), providing a total 
score ranging from 0 to 15 for each dimension, with higher 
scores indicating better sleep. Additional outcomes included 
the HAM–D17 questionnaire, used to rate the severity of 
depression based on an interview with the patient [23], and 
the Patient Global Impression (PGI) scale, completed by the 
patient to rate improvement or worsening of their condition. 
The 3DSS and HAM-D17 questionnaires were completed at 
baseline, and weeks 4 and 8 of the treatment period, and the 
PGI was completed at the end of treatment. Safety assess-
ments included adverse events and body weight.

Statistical analysis

All patients who received at least one dose of ramelteon 
were included in the full analysis set, which was used for 
the analysis of efficacy and safety data. The target sample 
size of 30 patients was based on feasibility. No formal power 
calculation was performed, because no hypothesis was being 
tested.

Data were summarized using descriptive statistics. The 
primary endpoint was change in actigraphy-measured sleep 
latency from baseline (defined as the start of the treatment 
period) to end of treatment, using the mean value from the 
previous 7 days. Observed and percentage changes from 
baseline were analyzed using the 1-sample t test. Second-
ary outcomes measured by actigraphy or sleep diary were 
analyzed in the same way as the primary endpoint. Cor-
relation between actigraphy-measured and diary-measured 
values was calculated using the Spearman correlation coef-
ficient for sleep latency and TST at end of treatment. Sub-
group analyses for the primary endpoint were performed 
for the previous use of hypnotics (benzodiazepine, non-
benzodiazepine, other hypnotic, or none), concomitant use 
of benzodiazepine anxiolytics (yes, no), concomitant use of 
selective serotonin reuptake inhibitors (SSRIs) or serotonin 
and norepinephrine reuptake inhibitors (SNRIs; yes, no), 
duration of insomnia (< 3 and ≥ 3 years), duration of depres-
sion (< 3 and ≥ 3 years), and 3DSS sleep phase total score 
at baseline (< 9 and ≥ 9). Observed and percentage changes 
from baseline to end of treatment were also summarized 
for HAM-D17 (total, sleep-related, and non-sleep-related 
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scores) and 3DSS scores, and analyzed using the 1-sample t 
test. Missing data were not imputed or replaced.

Results

Demographic and baseline clinical characteristics

Of 36 patients who were screened in the run-in period, 26 
patients entered the treatment period. Of these, 25 patients 
completed the study and 1 patient discontinued ramelteon 
due to an adverse event. All 26 patients were included in the 
full analysis set.

Most patients (73.1%) were male, the mean age was 
36.9 years, and the mean duration of insomnia and depres-
sion was 4.6 and 3.6  years, respectively (Table  1). At 

baseline, mean sleep latency was 44.8 min measured by 
actigraphy and 51.2 min by sleep diary. Mean HAM-D17 
total score was 9.2 and 69.2% of patients had previously 
used hypnotic medication. All patients took at least one 
concomitant antidepressant during the study; the most com-
monly used were SSRIs (42.3%), benzodiazepine anxiolytics 
(42.3%), and SNRIs (38.5%).

Sleep parameters

Improvements in sleep latency at end of treat-
ment were measured by both actigraphy (mean ± SD 
decrease − 6.8 ± 32.50  min; p = .2955) and sleep diary 
(− 11.5 ± 38.09 min; p = .1358), but the decreases did not 
reach statistical significance (Table 2). Improvements in 
TST at end of treatment were measured by both actigraphy 
(mean ± SD increase 24.2 ± 87.47 min; p = .1706) and sleep 
diary (41.2 ± 85.97 min; p = .0220), with the improvement 
in diary-measured TST reaching statistical significance. 
Improvements were evident by week 4 with both methods 
for sleep latency (mean ± SD decrease − 7.2 ± 31.73 min by 
actigraphy [p = .2561] and − 12.7 ± 37.11 min by sleep diary 
[p = .0934]) and TST (mean ± SD increase 32.5 ± 77.41 min 
by actigraphy [p = .0422] and 32.2 ± 94.18 min by sleep 
diary [p = .0933]), with the change in actigraphy-measured 
TST at week 4 reaching statistical significance. Most patients 
(65.4%–69.2%) had improvements in sleep latency or TST 
of ≥ 1 min at the end of treatment, whether measured by 
actigraphy or sleep diary (Table 2).

There was a positive correlation between the actigra-
phy and sleep diary methods for the measurement of sleep 
latency (Spearman r = .5319 [p = .0051]) and TST (r = .3600 
[p = .0708]). However, the mean (± SD) number of noctur-
nal awakenings was consistently higher when measured by 
actigraphy (6.1 ± 2.62 at baseline and 6.6 ± 2.63 at end of 
treatment) than by sleep diary (1.9 ± 1.08 and 1.4 ± 1.03, 
respectively), and showed a mean (± SD) increase from 
baseline to end of treatment by actigraphy (.5 ± 1.34; 
p = .0534) compared with a decrease (− .4 ± 1.05; p = .0420) 
by sleep diary.

Sleep efficiency and WASO were measured only by 
actigraphy. Sleep efficiency improved at the end of treat-
ment (mean ± SD increase 1.83 ± 11.20%), whereas WASO 
increased (10.1 ± 38.74 min), but neither change was statis-
tically significant. Daytime activity level, based on actigra-
phy-measured step count, showed a numerical increase at 
the end of treatment (mean ± SD increase 111.1 ± 2418.19 
steps) that was not statistically significant.

Sleep latency subgroup analysis

Subgroup analyses were performed for sleep latency 
measured by actigraphy (Fig.  2). Improvement in 

Table 1  Baseline characteristics

Variables are presented as n (%) or mean ± standard deviation
HAM-D17 17-Item Hamilton Rating Scale for Depression, SNRI sero-
tonin and norepinephrine reuptake inhibitor, SSRI selective serotonin 
reuptake inhibitor
a Actigraphy-measured total sleep time was calculated as total time in 
bed minus sleep latency, wake after sleep onset, and time from wak-
ing to leaving the bed. Sleep diary-measured total sleep time was 
calculated as total time in bed (awaking hour minus bedtime hour) 
minus sleep latency

Variable Ramelteon 8 mg
(N = 26)

Age, years 36.9 ± 8.04
Male, n (%) 19 (73.1)
Duration of insomnia, years 4.6 ± 5.35
Duration of depression, years 3.6 ± 4.58
Previous use of hypnotics, n (%) 18 (69.2)
 Benzodiazepine 6 (23.1)
 Nonbenzodiazepine 6 (23.1)
 Other hypnotic 8 (30.8)

Concomitant antidepressants, n (%) 26 (100)
 Tricyclic antidepressant 4 (15.4)
 SSRI 11 (42.3)
 SNRI 10 (38.5)
 Noradrenergic and specific serotonergic antide-

pressant
3 (11.5)

 Other antidepressant 4 (15.4)
 Atypical antipsychotic 4 (15.4)
 Benzodiazepine anxiolytic 11 (42.3)

Sleep latency, minutes
 Actigraphy 44.8 ± 20.29
 Sleep diary 51.2 ± 51.96

Total sleep time,  minutesa

 Actigraphy 314.9 ± 74.29
 Sleep diary 408.0 ± 72.15

HAM-D17 total score 9.2 ± 2.12
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actigraphy-measured sleep latency was largest in the sub-
group of patients with regular sleeping habits at baseline, 
indicated by a 3DSS phase scale total score of ≥ 9 at base-
line (mean ± SD decrease − 25.0 ± 21.78 min; p = .0055), 
and in patients with previous use of hypnotics other than 
benzodiazepines or nonbenzodiazepines (suvorexant, 
n = 5; etizolam, n = 1) (− 30.4 ± 20.49 min; p = .0149).

Other sleep assessments

Based on 3DSS scores, patients reported statistically signifi-
cant mean improvements from baseline to end of treatment 
in sleep quality and sleep quantity, but no change in sleep 
phase (i.e., regularity) (Table 3). The majority of patients 
(23 patients; 88.5%) reported an improvement in their condi-
tion at end of treatment based on the PGI (1 patient [3.8%] 
very much improved; 16 patients [61.5%] much improved; 

Table 2  Change in sleep latency 
and total sleep time

Variables are presented as mean ± standard deviation or n (%)
a One-sample t test for change from baseline to end of treatment
b Improvement in sleep latency was defined as a decrease of ≥ 1  min from baseline to end of treatment; 
improvement in total sleep time was defined as an increase of ≥ 1 min from baseline to end of treatment
c Actigraphy-measured total sleep time was calculated as total time in bed minus sleep latency, wake after 
sleep onset, and time from waking to leaving the bed. Sleep diary-measured total sleep time was calculated 
as total time in bed (awaking hour minus bedtime hour) minus sleep latency

Endpoint Ramelteon 8 mg (N = 26)

Baseline End of treatment Change from baseline p  valuea Patients with 
improvement n 
(%)b

Actigraphy-measured parameters, minutes
 Sleep latency 44.8 ± 20.29 38.0 ± 37.03 − 6.8 ± 32.50 .2955 18 (69.2)
 Total sleep  timec 314.9 ± 74.29 339.1 ± 84.62 24.2 ± 87.47 .1706 17 (65.4)

Diary-measured parameters, minutes
 Sleep latency 51.2 ± 51.96 39.7 ± 37.18 − 11.5 ± 38.09 .1358 18 (69.2)
 Total sleep  timec 408.0 ± 72.15 449.2 ± 83.98 41.2 ± 85.97 .0220 18 (69.2)

No, n = 8

-60 -50 -40 -30 -20 -10 0 10 20 30 40

Mean ± 95% CI change from baseline, minutes

Yes, n = 11

Other, n = 6

Yes, n = 18

No, n = 15

< 3 years, n = 14

< 3 years, n = 17

≥ 3 years, n = 12

≥ 3 years, n = 9

≥ 9, n = 10

< 9, n = 16

Previous hypnotic use

Concomitant SSRI or SNRI

Concomitant BZD anxiolytic

Duration of depression

3DSS phase scale total score

-30.4 *
None, n = 8

Non-BZD, n = 6

BZD, n = 6

Duration of insomnia
*

*

-3.0

2.1

1.4
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Fig. 2  Change in actigraphy-measured sleep latency by subgroup. 
Mean changes from baseline and 95% confidence intervals are plotted 
[median changes from baseline are shown in square brackets]. *One-
sample t test for mean change from baseline; p < .05. 3DSS 3-Dimen-

sional Sleep Scale, BZD benzodiazepine, CI confidence interval, 
SNRI serotonin and norepinephrine reuptake inhibitor, SSRI selective 
serotonin reuptake inhibitor
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6 patients [23.1%] a little improved); 2 patients (7.7%) 
reported no change and 1 patient (3.8%), who discontinued 
ramelteon due to an adverse event of somnolence, consid-
ered their condition to be a little worse.

Depression

Although only patients with mild depression (HAM-
D17 total score of ≤ 16) were enrolled, mean HAM-D17 
total scores improved from baseline to end of treatment 
(mean ± SD decrease − 4.0 ± 2.71; p < .0001) (Table 4). Sta-
tistically significant improvements were seen whether con-
sidering only sleep-related HAM-D17 scores (mean ± SD 
decrease − 2.7 ± 1.82; p < .0001) or non-sleep-related HAM-
D17 scores (− 1.3 ± 2.11; p = .0051).

Safety

Nine patients (34.6%) experienced an adverse event 
(Table 5). The most common events were viral upper res-
piratory tract infections (19.2%) and somnolence (15.4%). 
One patient experienced moderate somnolence which led 
to discontinuation of ramelteon; the event was considered 
study drug-related and was resolving by the end of the 
study. All other adverse events were of mild intensity and 
resolved without intervention. There were no deaths or seri-
ous adverse events.

There were no clinically significant changes in weight 
or body mass index during the study. No pregnancies were 
reported.

Discussion

This is the first study to objectively and subjectively measure 
the efficacy of ramelteon in the treatment of insomnia in 
patients with concurrent depression. Patients experienced 
significant improvements in TST and number of noctur-
nal awakenings when assessed subjectively using the sleep 
diary, as well as significant improvements in PGI and 3DSS, 
suggesting patient benefit. Improvements in sleep latency, 
whether measured subjectively by sleep diary or objectively 
by actigraphy, did not achieve statistical significance; how-
ever, this exploratory study was not powered to detect statis-
tically significant improvements in sleep parameters.

Table 3  3DSS total score

Variables are presented as mean ± standard deviation
3DSS 3-Dimensional Sleep Scale
a One-sample t test for change from baseline to end of treatment

3DSS category Ramelteon 8 mg (N = 26)

Baseline End of treatment Change from baseline p  valuea

Phase scale total score 7.2 ± 3.12 7.2 ± 2.80 .0 ± 2.09 .9259
Quality scale total score 5.4 ± 2.43 8.5 ± 3.40 3.1 ± 3.25 <  .0001
Quantity scale total score 4.8 ± 2.69 7.0 ± 3.61 2.3 ± 3.21 .0013

Table 4  HAM-D17 total score

Variables are presented as mean ± standard deviation
HAM-D17 17-item Hamilton Rating Scale for Depression
a One-sample t test for change from baseline to end of treatment

HAM-D17 category Ramelteon 8 mg (N = 26)

Baseline End of treatment Change from baseline p  valuea

Total score 9.2 ± 2.12 5.2 ± 3.20 − 4.0 ± 2.71 <  .0001
Total score, not sleep-related 4.8 ± 1.98 3.5 ± 2.44 − 1.3 ± 2.11 .0051
Total score, sleep-related 4.4 ± .90 1.7 ± 1.52 − 2.7 ± 1.82 <  .0001

Table 5  Adverse events

MedDRA Medical Dictionary for Regulatory Activities

MedDRA preferred term Ramelteon 
8 mg (N = 26)
n (%)

Any adverse events 9 (34.6)
 Viral upper respiratory tract infection 5 (19.2)
 Somnolence 4 (15.4)
 Dizziness 1 (3.8)
 Pyrexia 1 (3.8)
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Both actigraphy and sleep diary showed mean decreases 
in sleep latency after 8  weeks of ramelteon treatment 
(6.8 min and 11.5 min, respectively), but neither change 
reached statistical significance. Sleep latency showed high 
day-to-day variability for most patients, suggesting incon-
sistent sleep–wake cycles in these non-hospitalized patients 
which may have impacted the efficacy endpoints. In a phase 
2/3 study in Japanese adults with chronic insomnia, ramelt-
eon 8 mg demonstrated statistically significant efficacy in a 
subgroup analysis of patients whose fluctuation in subjective 
sleep latency at baseline was within ± 30 min [16]. This may 
indicate that the assessment of sleep parameters in patients 
with significant fluctuation in sleep latency at baseline might 
be unreliable, and therefore, excluding these patients could 
improve detection of treatment effects. The population in 
the current study also exhibited relatively mild difficulty in 
falling asleep, with a mean sleep latency at baseline that was 
shorter (44.8 min by actigraphy; 51.2 min by sleep diary) 
compared with Japanese patients with chronic insomnia in 
a phase 2 ramelteon study using objective and subjective 
measurements (61.8 min by polysomnography; 74.1 min 
by sleep diary) [14]. Nevertheless, a significant improve-
ment in actigraphy-measured sleep latency (mean decrease 
25.0 min; p = .0055) was seen in the subgroup of patients 
with a 3DSS total phase score of ≥ 9, a score indicating a 
regular sleep pattern. This improvement in sleep latency in 
patients without a disturbed sleep rhythm emphasizes the 
role of ramelteon (8 mg/day) in sleep induction rather than 
sleep rhythm re-entrainment.

Other subjective assessments used in this study indicated 
statistically significant mean improvements in sleep param-
eters at the end of ramelteon treatment, including diary-
measured TST and number of nocturnal awakenings, and 
3DSS total scores for sleep quality and quantity. In addition, 
88.5% of patients reported improvement in the PGI. Only the 
3DSS total phase score showed no change following ramelt-
eon treatment, which may be because a high proportion of 
patients (10 of 26 patients) already had “good” phase scores 
of ≥ 9 at baseline.

Objective actigraphy assessments of change in sleep 
latency and TST produced similar results to those obtained 
using the subjective sleep diary method, as supported by 
the positive Spearman correlation coefficients. However, 
in contrast to the sleep diary method, the actigraphy-
measured mean increase in TST did not reach statistical 
significance. Moreover, changes in the mean number of 
nocturnal awakenings measured by actigraphy were not 
consistent with the results obtained using the sleep diary. 
Actigraphy-derived sleep data are highly correlated with 
polysomnography data [21]; however, actigraphy has been 
shown to provide more consistent sleep measurements in 
a sleep laboratory setting than at home [24]. We consider 
the outpatient setting of this study as a strength in that it 

was designed to reflect real-world experience. However, 
the outpatient setting may have influenced the precision 
of the actigraphy assessments. In addition, despite being 
worn at the waist to reduce artifacts from movements in 
the extremities, the actigraph may have been influenced 
by exacerbations of restless legs syndrome and periodic 
limb movement disorder, which have been associated with 
some antidepressants [25]. The study is also limited by 
the small number of enrolled patients, and the lack of a 
placebo or active comparator group means that changes in 
symptoms due to expectancy, regression to the mean, or 
the Hawthorne effect cannot be excluded.

The statistically significant improvement in HAM-D17 
total score is meaningful for this population of patients 
with insomnia and concurrent depression, particularly 
as the improvement remained significant when exclud-
ing sleep-related scores, suggesting that improved sleep 
may have beneficial effects for depression. The addition 
of the nonbenzodiazepine eszopiclone in patients receiv-
ing fluoxetine for major depressive disorder has also been 
shown to reduce HAM-D17 scores, as well as improve 
sleep [6].

Owing to the association between depression and insomnia, 
any residual sleep disruption after the treatment of depression 
may increase the likelihood of depressive symptom recurrence. 
Both shortened and extended sleep duration have been associ-
ated with an increased risk of depression, although no causal 
relationship has been established [26, 27]. In elderly subjects 
in Japan, those with sleep-onset insomnia were more likely to 
experience depression 3 years later [28]. Benzodiazepines are 
often used concomitantly with antidepressants to treat anxiety, 
and have been reported to be as effective as monotherapy in the 
treatment of anxious depression [29]. As sleep-onset insom-
nia often correlates with anxiety, anxiolytic benzodiazepines 
may potentially shorten sleep latency. However, the sedative 
and anxiolytic effects of benzodiazepine and nonbenzodiaz-
epine hypnotics limit their use in some patients with depres-
sion. Insomnia in depression requires long-term treatment, but 
benzodiazepine dependency can develop quickly and so should 
be used cautiously as a long-term option [30]. No dependency 
was observed with ramelteon after 24 weeks of use in a long-
term clinical trial in Japan. Hypnotics are also associated with 
rebound worsening of anxiety and insomnia following their 
discontinuation, as well as a withdrawal syndrome character-
ized by feelings of malaise [11]. An alternative option, the 
orexin receptor antagonist suvorexant, has a long half-life and 
is associated with challenging residual next-day somnolence 
in some patients [31]. Our study did not reveal any major con-
cerns relating to residual effects with ramelteon. One patient 
discontinued ramelteon use due to moderate somnolence; all 
other adverse events were mild and resolved without inter-
vention. Ramelteon 8 mg once daily was well tolerated when 



404 Sleep and Biological Rhythms (2019) 17:397–405

1 3

coadministered with antidepressants for an 8-week period and 
no new safety signals were detected.

The use of benzodiazepine and nonbenzodiazepine hyp-
notics might be inappropriate in those depressive patients 
who are vulnerable to their muscle relaxant or amnesic side 
effects. There is limited evidence for the use of ramelteon to 
treat insomnia in patients with mental disorders. Although 
this was an exploratory study, the results suggest that ramelt-
eon may be efficacious for sleep-onset insomnia in this 
patient population.
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