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Abstract

Background: Insomnia is associated with the onset and development 
of diabetes. Melatonin affects sleep quality and glucose metabolism 
in diabetic patients with insomnia. We administered ramelteon, an 
agonist of melatonin, to type 2 diabetic patients and investigated its 
effects on glucose metabolism and insomnia.

Methods: This multicenter, prospective, randomized, and observa-
tional pilot study was performed between April 2014 and April 2015 
at three institutes in Japan. Patients were prescribed ramelteon 8 mg/
day for 3 months (first period). And patients were divided at random 
into the continuation group that continued taking ramelteon and the 
discontinuation group that discontinued taking ramelteon for 3 ad-
ditional months (second period). The primary endpoint was change 
in glycated hemoglobin (HbA1c) level. Secondary endpoints were 
changes in global Pittsburgh sleep questionnaire index (PSQI) score 
and other glucose metabolism makers.

Results: We enrolled 42 patients, and 32 patients completed the first 
period. Their mean HbA1c was 6.7%, and global PSQI score was 
8.1 on average. HbA1c level did not change but global PSQI score 
improved from 8.1 to 7.2 by ramelteon (P = 0.030). Thirty-one pa-
tients completed the second period. HbA1c level did not change in the 
continuation group, but it increased from 6.7% to 6.9% (P = 0.003) in 
the discontinuation group. Global PSQI score did not change in each 
group. There was no rebound insomnia.

Conclusion: Treatment with ramelteon did not change the HbA1c 

level but improved sleep quality in type 2 diabetic patients with in-
somnia. Discontinuation of ramelteon slightly increased the HbA1c 
level and did not worsen sleep quality.

Keywords: Type 2 diabetes mellitus; Insomnia ramelteon; Pittsburgh 
sleep questionnaire index; Short form 36

Introduction

Insomnia is frequently observed in patients with diabetes [1]. 
Insomnia leads to insulin resistance and promotes obesity 
because insomnia impairs daytime activities of daily living 
(ADL), and decreases leptin secretion while increasing ghrelin 
secretion [2, 3]. Insomnia is also a cause of oxidative stress 
[4]. Insomnia with short sleep duration is reportedly associated 
with increased odds of diabetes [5]. Therefore, insomnia is as-
sociated with diabetes. Besides, the long-term persistence of 
changes in the living environment and aging lead to decreased 
melatonin secretion [6-8].

Although a main role of the neurohormone melatonin is 
its participation in the adjustment of sleep, a decrease in me-
latonin is a risk factor for the onset of diabetes [9]. Recently, 
various research findings regarding the effects of melatonin on 
glucose metabolism have been reported. Namely, insulin re-
sistance has been observed in pinealectomized rats [10]. Blood 
melatonin level was found to be lower in patients with diabetes 
[11]. Furthermore, melatonin improved insulin resistance in 
type 2 diabetic rats and glycated hemoglobin (HbA1c) levels 
in type 2 diabetic patients [12-14].

In Japan, the Pharmaceutical Affairs Law has banned the 
sale of melatonin itself, including supplement forms. Howev-
er, ramelteon, a melatonin agonist, was approved for patients 
with insomnia in 2010 in Japan [15]. Ramelteon is currently 
under investigation as an alternative to conventional gamma-
aminobutyric acid receptor A (GABAA) activators. Ramelteon 
has a 5.8-fold higher affinity for melatonin MT1 receptor and a 
3.4-fold higher affinity for melatonin MT2 receptor compared 
with melatonin [16]. Although there have been reports on the 
effect of melatonin on glucose metabolism [12, 17, 18], that of 
ramelteon has not been discussed. In addition, the efficacy and 
safety of ramelteon in patients with type 2 diabetes are yet to 
be researched.
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These conditions inspired us to investigate the effects of 
ramelteon in type 2 diabetic patients with insomnia.

Materials and Methods

Study design

This pilot study was performed as a multicenter, prospective, 
randomized, and observational study between April 2014 and 
April 2015 at three institutes in Japan: Yokohama Sakae Kyo-
sai Hospital, Chigasaki Municipal Hospital, and Yokohama 
City University Hospital. The study was approved by the eth-
ics committee of each institute. This study was registered with 
the UMIN Clinical Trial Registry (UMIN 000010074).

Subjects

Type 2 diabetic patients with untreated chronic insomnia 
who regularly visited the hospital were assessed for eligibil-
ity for this study. Patients were included if their sleeplessness 
state satisfied the criteria of the International Classification of 
Sleep Disorders (second edition). The exclusion criteria were: 
1) poor glycemic control (HbA1c ≥ 8.0%), 2) change in the 
HbA1c level ≥ 0.5% in the past 3 months, 3) hepatic failure, 
4) treatment for depression, 5) age < 20 years, 6) history of 
sleep medication, 7) shift work, 8) treatment for sleep apnea 
syndrome, and 9) physician’s designation as inappropriate for 
inclusion. As no previous trials have reported the effects of 
ramelteon on glucose metabolism and sleep quality, we could 
not calculate the sample size. Most type 2 diabetic patients 
with insomnia who regularly visited the hospital were already 
using a sleep medication, and we expected the target sample 
size of 50 subjects.

Methods

We analyzed the effect of administration and discontinuation 
of ramelteon. All of the patients who signed the informed con-
sent were prescribed 8 mg of ramelteon to be taken every night 
for 3 months. And then patients were divided, by random per-
muted blocks, into the continuation group that took ramelteon 
and the discontinuation group that discontinued taking ramelt-
eon for 3 additional months. We defined the first 3 months as 
the first period and the second 3 months as the second period. 
During the first period, there was no change or addition of 
drugs for the treatment of diabetes. In case of exacerbation of 
insomnia in the discontinuation group, patients would receive 
a sleep medication, including ramelteon, and be excluded from 
the analysis of data.

Blood samples and questionnaires were obtained three 
times, before and after each 3-month period. The primary 
endpoint was changes in HbA1c level at the end of the each 
administration period. The secondary endpoints were as fol-
lows: changes of other glucose metabolism markers including 
fasting plasma glucose (FPG), immunoreactive insulin (IRI), 

serum C-reactive peptide (s-CPR), lipid metabolism includ-
ing total cholesterol (TC), low-density lipoprotein cholesterol 
(LDL-C), high-density lipoprotein cholesterol (HDL-C), and 
triglycerides (TG), hepatic function parameters, inflammation 
markers including ferritin, high-sensitivity C-reactive pro-
tein (hs-CRP), sleep quality, and health-related quality of life 
(QOL). Sleep quality was assessed using the Pittsburgh sleep 
questionnaire index (PSQI). Health-related QOL was assessed 
using short form 36 (SF-36). Safety was assessed on the basis 
of all and blood parameters.

Biochemical measurements

Blood samples were obtained after overnight fasting. HbA1c 
was measured by HPLC (Adams Alc HA-8160; Arkray Inc., 
Kyoto, Japan) and plasma glucose was measured using the 
glucose oxidation method (chemical reagent and Glucose 
AUTO, and STAT GA-1160 analyzer; Arkray Inc.). TC, LDL-
C, HDL-C, and TG were measured by standard enzymatic 
methods (Kyowa Medex, Tokyo, Japan). Glycated albumin 
(GA), IRI, s-CPR, ferritin, and hs-CRP were measured by SRL 
Central Laboratory Testing for Clinical Trials (SRL, Inc., To-
kyo, Japan).

Insulin resistance was estimated by the modified homeo-
static model of assessment of insulin resistance (HOMA-IR) 
and the quantitative insulin sensitivity check index (QUICKI). 
Beta cell function was estimated by the CPR index. These in-
dexes were calculated according to the following formula [19-
22]: HOMA-IR = IRI (µU/mL) × FPG (mg/dL)/405. QUICKI 
= 1/(log fasting insulin (μU/mL) + log fasting glucose (mg/
dL)). CPR index = fasting CPR (ng/mL)/FPG (mg/dL) × 100.

We excluded patients with an FPG > 140 mg/dL to calcu-
late the HOMA-IR. We defined insulin resistance as HOMA-
IR ≥ 2.5 and QUICKI ≤ 0.337.

PSQI

Sleep quality was measured using PSQI. PSQI is a self-rated 
questionnaire containing seven components: sleep quality, 
sleep latency, sleep duration, sleep efficiency, sleep distur-
bance, use of sleep medication, and daytime dysfunction [23]. 
Each component is scored on a range of 0 - 3, for a possible 
total score range of 0 - 21 (global PSQI score). A higher global 
PSQI score indicates poorer sleep quality. A global score of > 
5 is indicative of poor sleep quality. As this study was to assess 
the effect of ramelteon intervention in type 2 diabetic patients 
with insomnia who did not use any sleep medication, we ex-
cluded question component 6: use of sleep medication of the 
PSQI [24, 25].

SF-36

Subjective health-related QOL was measured using SF-36. 
SF-36 is a self-rated questionnaire containing 36 items that 
measure eight health concepts. These health concepts include 
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physical functioning, role functioning-physical, bodily pain, 
general health perceptions, vitality, social role functioning, 
role functioning-emotional, and mental health [26, 27]. Three 
summary scores, i.e., physical component summary (PCS), 
mental component summary (MCS), and role/social compo-
nent summary (RCS), were calculated from the scores of these 
eight components using a designated calculation program [28]. 
Each component has a possible score range of 0 - 100 points, 
with a median value of 50 points.

Statistical analysis

Statistical analyses were performed using SPSS version 11.0.1 
J (SPSS Inc., Armonk, NY, USA). Results were expressed as 
mean ± SD. Differences in continuous variables within each 
group were compared using the paired t-test when the vari-

able showed a normal distribution, or Wilcoxonsigned-rank 
test when it did not. Differences in continuous variables be-
tween the two groups were compared using the unpaired t-test 
and two-way analysis of variance (ANOVA) when the variable 
showed a normal distribution or Mann-Whitney’s U test when 
it did not. Categorical variables were compared between the 
two groups using the Chi-square test. The relations between 
values at baseline and those at the end of each study period 
were evaluated using Pearson’s rank correlation when the vari-
able showed a normal distribution or Spearman’s rank correla-
tion when it did not. The level of statistical significance was 
set at P < 0.05.

Results

Details of enrolled subjects are shown in Figure 1. Of the 42 
patients enrolled, 31 patients completed all control visits dur-
ing the study. Eleven patients discontinued the study because 
of the following reasons: two patients suffered lightheaded-
ness and two patients suffered daytime sleepiness when tak-
ing ramelteon, both of which subsided after discontinuation 
of ramelteon, two patients withdrew their informed consent 
before the start of the administration of ramelteon, one patient 
was diagnosed with breast cancer and another was diagnosed 
with prostate cancer soon after giving their informed consent, 
one patient was diagnosed with depression after registration, 
and one patient was excluded due to poor treatment compli-
ance. In continuation group, one patient had a medical history 
of paroxysmal atrial fibrillation and withdrew from the study 
because of cardiogenic cerebral infarction 4 months later. 
Therefore, we analyzed the effect of ramelteon in 32 patients 
in the first period and 31 patients in the second period.

The patients’ baseline characteristics are shown in Table 
1. Seventeen of the 32 patients were men, with a mean age of 
68.9 years old, body mass index (BMI) of 25.7 kg/m2, diabetes 
duration of 9.8 years, and mean HbA1c of 6.7%. Four patients 
were not treated with hypoglycemic agents. Sulfonylureas, bi-
guanides, thiazolidines, incretin-based drugs and insulin were 
used by 11, 16, five, 16 and three patients, respectively (some 
of them used more than one drug). Eighteen patients used anti-
hypertensive agents, and 20 patients used lipid-lowering drugs.

The changes of all clinical parameters in the first period 
are shown in Table 2. No changes were observed in HbA1c. In 
addition, no changes were observed in GA, FPG, IRI, s-CPR, 
CPR index, HOMA-IR, and QUICKI. No factor was found to 
correlate with the change in HbA1c after ramelteon treatment. 
Moreover, although we performed subgroup analyses using 
the baseline values or the percentage change of HbA1c, CPR 
index, HOMA-IR, QUICKI, and PSQI, no effect of ramelteon 
on the evaluated parameters was observed.

Regarding sleep quality, the global PSQI score improved 
from 8.1 to 7.2 points (P = 0.030). The scores of sleep qual-
ity (C1) and sleep latency (C2) among PSQI components also 
improved significantly from 1.6 to 1.3 points (P = 0.010) and 
from 1.7 to 1.2 points (P = 0.010), respectively. In fact, time 
of sleep latency decreased from 23.6 to 18.8 min (P = 0.039). 
A correlation was observed between the baseline global PSQI 

Figure 1. Diagram of patient flow. 



Articles © The authors   |   Journal compilation © J Clin Med Res and Elmer Press Inc™   |   www.jocmr.org 881

Tsunoda et al J Clin Med Res. 2016;8(12):878-887

score and the changing rate of this score (R = -0.588, P = 0.001 
in Fig. 2); specifically, a greater improvement in sleep quality 
was observed in patients with poor sleep quality. On the other 
hand, no changes in MCS, PCS, and RCS components of the 
SF-36 were observed.

Regarding lipid metabolism, only the LDL-C level de-
creased slightly from 105 to 100 mg/dL (P = 0.048). No chang-
es were observed in hepatic function parameters, inflammation 
markers or physiological findings, including blood pressure, 
body weight, and BMI.

The values of all clinical parameters obtained in the second 
period are shown in Table 3. At the end of the first 3 months, no 
differences were observed in their medications, physiological 
findings, glucose metabolism, lipid metabolism, hepatic func-
tion, and inflammation marker levels in each group. Similarly, 
no differences were observed in the scores of global PSQI and 
PSQI components and SF-36 components.

The level of HbA1c remained at 6.8% in the continuation 
group (P = 0.702), whereas it increased from 6.7% to 6.9% in 
the discontinuation group (P = 0.003). There was slight dif-
ference in change of the HbA1c level by two-way ANOVA 
between the continuation group and the discontinuation group 
(P = 0.047). Similarly, the level of GA almost did not change 
in the continuation group (17.1-17.3%; P = 0.672) and it in-
creased from 17.1% to 17.6% in the discontinuation group (P = 

0.027). But, there was no difference in change of the GA level 
by two-way ANOVA between the continuation group and the 
discontinuation group (P = 0.539). No differences were ob-
served in other glucose parameters.

Regarding sleep quality, no change in the global PSQI 
score was observed in continuation and discontinuation groups 
during the second period in each group (P = 0.69 and P = 0.32, 
respectively). Similarly, no changes were observed in the PSQI 
components and the score of any SF-36 component. There 
were no rebound insomnia due to discontinuation of ramelt-
eon, and none of the patients required sleep medication includ-
ing ramelteon.

No differences were observed in physiological findings, 
lipid metabolism, hepatic function, and inflammation marker 
levels.

Discussion

This is the first study to investigate the effect of ramelteon on 
glucose metabolism and sleep quality in type 2 diabetic pa-
tients with untreated insomnia.

Effect on glucose metabolism

The primary objective of this study was to investigate the ef-
fect of ramelteon on glucose metabolism. In this study, taking 
ramelteon for 3 or 6 months did not change the level of HbA1c, 
but discontinuing taking ramelteon for 3 months increased the 
level of HbA1c from 6.7% to 6.9%.

Ramelteon is an agonist of melatonin. The mechanisms of 
action of melatonin with respect to glucose metabolism have 
been investigated in various basic studies. As a result, it has 
been shown that melatonin reduces both blood glucose levels 
and insulin secretion. Melatonin induces GLUT-4 expression 
in skeletal muscles through an IRS-1 or PI-3 kinase-mediat-
ed pathway and enhances glucose transportation [29, 30]. 
Melatonin binds to MT1 and MT2 receptors on pancreatic β 
cells, and reduces cAMP and cGMP levels, respectively [17], 
thereby inhibiting insulin secretion. In diabetic rats, it was also 
shown that melatonin improves insulin resistance by inhibit-
ing inflammatory cytokine production and oxidative stress and 
reducing the level of free fatty acids [12, 31].

In addition to those basic studies, it has been reported that 
melatonin improves glucose metabolism in patients with type 
2 diabetes. Hussain et al observed a decrease of HbA1c from 
7.63% to 7.13% in patients after 3 months on high dose of 
melatonin [13]. Besides, Garfinkel et al reported a decrease of 
HbA1c from 9.13% to 8.47% in patients who took prolonged-
release melatonin for 5 months [14].

Regarding the effect of a sleep intervention on glucose 
metabolism, it was reported that treatment with 5 - 10 mg of 
zolpidem for 3 months significantly improved the HbA1c level 
by 0.4% from 6.5% in 14 Japanese patients with type 2 diabe-
tes complicated by insomnia [32]. Sleep improvement of glu-
cose metabolism might be mediated by sympathetic nerve’s 
activity.

Table 1.  Baseline Characteristics

Age (years) 68.9 ± 8.1
Gender (male/female) 17/15
Height (cm) 162.3 ± 9.3
Body weight (kg) 68.1 ± 14.5
BMI (kg/m2) 25.7 ± 4.3
Diabetes duration (years) 9.8 ± 3.5
HbA1c (%) 6.7 ± 0.4
Medications
  Anti-diabetes (%) 28 (88)
    Sulfonylureas (%) 11 (34)
    Biguanides (%) 16 (50)
    Thiazolidines (%) 5 (16)
    Incretin-based drugs (%) 16 (50)
    Insulin (%) 3 (9)
  Anti-hypertension (%) 18 (56)
    Angiotensin II receptor blockers (%) 15 (47)
    Calcium channel blockers (%) 13 (41)
    β-blockers (%) 5 (16)
  Anti-dyslipidemia (%) 20 (63)
    Statins (%) 18 (56)
    Fibrates (%) 2 (6)
    Ethyl icosapentate (%) 3 (9)

Data are expressed as the mean ± SD or number (%). BMI: body mass 
index.
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Table 2.  Effects of Ramelteon in the First Period

Baseline 3 months P value
Gender (male/female) 17/15
Body weight (kg) 68.1 ± 14.5 68.4 ± 14.4
BMI (kg/m2) 25.7 ± 4.3 25.8 ± 4.3
Systolic blood pressure (mm Hg) 138 ± 21 135 ± 20
Diastolic blood pressure (mm Hg) 79 ± 11 81 ± 11
HbA1c (%) 6.7 ± 0.4 6.7 ± 0.5
GA (%) 17.1 ± 2.6 17.2 ± 2.4
FPG (mg/dL) 120 ± 18 125 ± 23
IRI (μU/mL) 8.01 ± 6.80 8.01 ± 7.30
s-CPR (ng/mL) 2.19 ± 1.23 2.12 ± 1.16
HOMA-IR 2.08 ± 1.59 1.92 ± 1.40
QUICKI 0.35 ± 0.04 0.35 ± 0.04
CPR index 1.84 ± 1.01 1.72 ± 0.96
Total cholesterol (mg/dL) 177 ± 33 171 ± 29
LDL-C (mg/dL) 105 ± 27 100 ± 24 0.048
HDL-C (mg/dL) 60 ± 17 58 ± 15
LDL-C/HDL-C 1.9 ± 0.6 1.8 ± 0.6
Triglyceride (mg/dL) 131 ± 76 117 ± 63
Non-HDL-C (mg/dL) 117 ± 29 112 ± 27
Cre (mg/dL) 0.82 ± 0.22 0.83 ± 0.23
eGFR (mL/min) 65.4 ± 13.4 65.6 ± 14.0
UAE (mg/g.Cre) 28.6 ± 49.6 42.8 ± 87.3
AST (U/L) 24 ± 8 25 ± 9
ALT (U/L) 25 ± 13 25 ± 9
γGTP (U/L) 30 ± 16 30 ± 16
Ferritin (ng/mL) 140 ± 149 127 ± 102
hs-CRP (ng/mL) 1,060 ± 2,358 1,383 ± 2,569
PSQI (0 - 18) 8.1 ± 4.1 7.2 ± 2.8 0.030
  C1 (0 - 3) 1.6 ± 0.8 1.3 ± 0.7 0.010
  C2 (0 - 3) 1.7 ± 2.1 1.2 ± 1.8 0.040
  C3 (0 - 3) 1.8 ± 1.0 1.6 ± 0.9
  C4 (0 - 3) 0.8 ± 1.0 0.8 ± 1.0
  C5 (0 - 3) 1.0 ± 0.4 0.9 ± 0.3
  C7 (0 - 3) 1.5 ± 1.1 1.5 ± 0.8
    Sleep latency (min) 23.6 ± 25.7 18.8 ± 17.6 0.039
    Total sleep time (h) 6.1 ± 2.4 6.2 ± 2.1
SF-36
  PCS (0 - 100) 47.3 ± 13.5 50.1 ± 12.3
  MCS (0 - 100) 54.1 ± 9.7 53.3 ± 8.7
  RCS (0 - 100) 36.7 ± 10.5 38.5 ± 8.6

Data are expressed as the mean ± SD or number (%). BMI: body mass index; GA: glycated albumin; FPG: fasting 
plasma glucose; IRI: immunoreactive insulin; s-CPR: serum C-peptide immunoreactivity; HOMA-IR: homeostatic model 
of assessment of insulin resistance; QUICKI: quantitative insulin sensitivity check index; LDL-C: low-density lipoprotein 
cholesterol; HDL-C: high-density lipoprotein cholesterol; eGFR: estimated glomerular filtration rate; UAE: urinary albu-
min excretion; hs-CRP: high-sensitivity C-reactive protein; PSQI: Pittsburgh sleep questionnaire index; SF-36: short 
form 36; PCS: physical component summary; MCS: mental component summary; RCS: role/social component sum-
mary.
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The level of HbA1c was not changed by ramelteon; how-
ever, the level of HbA1c increased after discontinuation of 
ramelteon. The level of HbA1c in patients with type 2 diabetes 
increases during the natural course of the disease or due to 
seasonal change even if for a short term [33-38]. Although we 
could not set a placebo group, the increase of HbA1c in the 
discontinuation group was possibly the result of the natural 
course of type 2 diabetes or of seasonal change. There has been 
no previous report on the potential effects of ramelteon on glu-
cose metabolism. The subjects in two previous reports about 
melatonin were administered either a high dose of melatonin 
(10 mg) or prolonged-release melatonin with a half-life of 8 
h [13, 14]. The mean HbA1c level attained in these studies 
was 7.63% and 9.13%, respectively and with poor glycemic 
control. In contrast, ramelteon is a melatonin receptor agonist, 
not melatonin itself, and the half-life of ramelteon is as short 
as 1 h [39]. Patients in this study had a relatively stable glyce-
mic control with a mean HbA1c level of 6.7%. We excluded 
patients with an HbA1c level of ≥ 8.0% indicative of poor 
glycemic control from this study because they had to receive 
treatment for diabetes prior to a sleep intervention. Therefore, 
differences in the drugs dosages and half-lives and glycemic 
control of the study population at baseline might have con-
tributed to the difference in glycemic control improvement be-
tween the present study and those previously reported.

Effect on sleep

The secondary objective of this study was to investigate the 
effect of ramelteon on sleep quality. In this study, ramelteon 
improved sleep quality in the type 2 diabetic patients with un-
treated insomnia. The sleep quality attained with ramelteon 
has been maintained even after discontinuing ramelteon.

Ramelteon has MT1 and MT2 receptor affinities 5.8-fold 
and 3.4-fold, which are higher than those of melatonin itself 
[16]. Ramelteon is not expected to induce rebound insomnia or 
withdrawal effects, or to cause abuse or addiction [40].

Compared with healthy individuals, patients with type 2 
diabetes frequently experience insomnia [1]. One of the rea-
sons might be decreased melatonin secretion. Decreased blood 
melatonin level and urinary 6-sulfatoxymelatonin level have 
been observed in diabetic patients [41]. Another reason might 
be the nocturnal awakening and unrefreshing sleep due to a 
neurogenic bladder and painful diabetic neuropathy.

Regarding the features of sleep disturbance among pa-
tients in this study, we observed difficulty in falling asleep with 
a mean sleep latency of 23.6 min. Besides, nocturnal awaken-
ing onset was often noted as a reason for sleep difficulties. Ad-
ministration of 8 mg of ramelteon for 3 months reduced sleep 
latency to 18.8 min, and improved the subjective sleep quality 
and sleep latency in PSQI component scores and the global 
PSQI score. The quality of sleep improved by ramelteon has 
been maintained even after discontinuing taking ramelteon. 
Many previous studies reported changes in sleep quality after 
the administration of ramelteon. Sleep quality improved in re-
sponse to the administration of ramelteon in patients with pri-
mary insomnia, gastroesophageal reflux disease, generalized 
anxiety disorder, and sleep apnea syndrome, and postmeno-
pausal women [40, 42-45]. This is the first study undertaken to 
assess the effect of ramelteon in patients with type 2 diabetes. 
The results of this study suggest that ramelteon might be also 
useful for diabetic patients with insomnia.

The incidence of adverse events associated to the admin-
istration of ramelteon was reported to be approximately 10% 
[46]. In this study, four of the 34 patients withdrew from the 
study because of lightheadedness or daytime sleepiness; how-
ever, no other adverse events were observed during the study. 

Figure 2. The correlation between baseline global PSQI and changing rate of global PSQI in the first period. 
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Table 3.  Effects of Continuating or Discontinuating Ramelteon in the Second Period

Continuation group Discontinuation group Inter group in 6  
months (P value)3 months 6 months P 3 months 6 months P

Age 68.7 ± 8.2 68.8 ± 8.3
Gender (M/F) 7/8 9/7
Body weight (kg) 69.1 ± 14.6 69.5 ± 14.6 67.9 ± 15.0 67.9 ± 15.0
BMI (kg/m2) 26.1 ± 4.7 26.3 ± 4.8 25.6 ± 4.1 25.6 ± 4.2
SBP (mm Hg) 132 ± 19 131 ± 15 138 ± 22 135 ± 24
DBP (mm Hg) 80 ± 11 77 ± 14 82 ± 12 79 ± 16
HbA1c (%) 6.8 ± 0.6 6.8 ± 0.5 6.7 ± 0.5 6.9 ± 0.6 0.003 0.047
GA (%) 17.1 ± 2.3 17.3 ± 2.9 17.1 ± 2.7 17.6 ± 2.7 0.027
FPG (mg/dL) 126 ± 21 124 ± 16 125 ± 25 128 ± 26
IRI (μU/mL) 9.43 ± 9.52 11.30 ± 12.30 6.9 ± 4.61 6.07 ± 3.06
sCPR (ng/dL) 2.41 ± 1.37 2.78 ± 1.91 1.88 ± 0.93 1.62 ± 0.56
HOMA-IR 1.77 ± 1.23 2.29 ± 2.41 2.14 ± 1.80 1.87 ± 0.76
QUICKI 0.35 ± 0.05 0.34 ± 0.04 0.35 ± 0.03 0.36 ± 0.03
CPR index 1.85 ± 0.84 2.19 ± 1.35 1.63 ± 1.10 1.31 ± 0.5
TC (mg/dL) 171 ± 30 175 ± 35 173 ± 28 177 ± 30
LDL-C (mg/dL) 105 ± 26 106 ± 31 98 ± 20 104 ± 23
HDL-C (mg/dL) 55 ± 15 58 ± 17 61 ± 14 61 ± 14
LDL-C/HDL-C 2.0 ± 0.6 1.9 ± 0.7 1.7 ± 0.5 1.8 ± 0.4
TG (mg/dL) 129 ± 65 127 ± 59 109 ± 62 121 ± 63
Non-HDL-C (mg/dL) 116 ± 28 117 ± 31 112 ± 23 116 ± 20
Cre (mg/dL) 0.89 ± 0.29 0.87 ± 0.25 0.77 ± 0.14 0.75 ± 0.16
eGFR (mL/min) 61.3 ± 18.1 61.8 ± 17.5 68.7 ± 7.6 71.3 ± 9.7
UAE (mg/g.Cre) 39.6 ± 70.1 32.7 ± 41.4 47.6 ± 107.6 35.8 ± 51.7
AST (U/L) 26 ± 11 24 ± 7 23 ± 7 24 ± 5
ALT (U/L) 26 ± 8 25 ± 9 24 ± 10 25 ± 9
γGTP (U/L) 32 ± 14 32 ± 17 28 ± 17 28 ± 17
Ferritin (ng/mL) 161 ± 111 175 ± 121 107 ± 87 105 ± 96
hs-CRP (ng/mL) 2,071 ± 3,628 1,641 ± 3,957 766 ± 733 627 ± 648
PSQI (0 - 18) 7.5 ± 3.4 7.2 ± 4.0 7.2 ± 2.3 6.5 ± 3.2
  C1 (0 - 3) 1.1 ± 0.5 1.1 ± 0.7 1.4 ± 0.8 1.3 ± 1.0
  C2 (0 - 3) 1.4 ± 1.8 1.8 ± 2.0 1.0 ± 1.8 0.8 ± 1.5
    Sleep latency 20.9 ± 20.0 27.6 ± 27.4 15.9 ± 15.6 15.3 ± 12.7
  C3 (0 - 3) 1.6 ± 0.7 1.5 ± 1.1 1.7 ± 1.0 1.6 ± 1.0
  C4 (0 - 3) 1.0 ± 0.9 0.7 ± 0.8 0.8 ± 1.1 0.7 ± 0.9
  C5 (0 - 3) 1.0 ± 0.4 0.9 ± 0.5 0.9 ± 0.3 0.9 ± 0.3
  C7 (0 - 3) 1.5 ± 1.0 1.4 ± 0.9 1.4 ± 0.6 1.4 ± 0.7
SF-36
  PCS (0 - 100) 52.9 ± 9.7 54.0 ± 9.8 49.6 ± 13.3 48.6 ± 13.3
  MCS (0 - 100) 52.4 ± 9.0 53.2 ± 7.7 53.5 ± 9.7 53.8 ± 10.8
  RCS (0 - 100) 38.3 ± 7.2 39.5 ± 8.6 37.6 ± 10.1 38.5 ± 10.5

Data are expressed as the mean ± SD or number (%). BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; GA: 
glycated albumin; FPG: fasting plasma glucose; IRI: immunoreactive insulin; s-CPR: serum C-peptide immunoreactivity; HOMA-IR: homeostatic 
model of assessment of insulin resistance; QUICKI: quantitative insulin sensitivity check index; TC: total cholesterol; LDL-C: low-density lipoprotein 
cholesterol; HDL-C: high-density lipoprotein cholesterol; TG: triglyceride; eGFR: estimated glomerular filtration rate; UAE: urinary albumin excretion; 
hs-CRP: high-sensitivity C-reactive protein; PSQI: Pittsburgh sleep questionnaire index; SF-36: short form 36; PCS: physical component summary; 
MCS: mental component summary; RCS: role/social component summary.
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The rate of adverse events did not differ from that found in 
previous reports.

Although problems such as rebound insomnia, drug with-
drawal symptoms, abuse and addiction, have been reported 
with the use of some sleep medications [47], such problems 
have not been reported with the use of ramelteon. As for ad-
verse events due to the discontinuation of ramelteon, sleep 
quality problems did not become exacerbated after discontinu-
ation of ramelteon, and no adverse events such as rebound or 
withdrawal symptoms were observed either. In other words, 
discontinuation of ramelteon is unlikely to cause any disad-
vantage.

Association with health-related QOL

SF-36 was used in this study as a conventional index of health-
related QOL. Some studies reported changes of the scores of 
SF-36 components after the administration of melatonin. Me-
latonin was reported to improve QOL, as assessed using the 
SF-36, in patients with primary insomnia and delayed sleep 
phase syndrome [48, 49], whereas no improvement in the QOL 
was observed in patients with tetraplegia and chronic fatigue 
syndrome [50, 51]. There have been no previous reports on the 
effects of ramelteon on health-related QOL of patients, regard-
less of diabetes; accordingly, this is the first report on the effect 
of ramelteon assessed using SF-36. However, no changes were 
observed in PCS, MCS, or RCS scores. Although global PSQI 
score, sleep quality and sleep latency improved, no improve-
ment was observed in other parameters such as total sleep time 
or sleep efficiency, and therefore this might not have led to 
improvement in QOL.

Protocol

As there is no precedent for ramelteon administration to type 
2 diabetic patients with untreated insomnia, it was unknown 
when the beneficial effect of ramelteon on glucose metabolism 
would appear in this population.

A 6-month observation period was set to prevent the ef-
fect of seasonal changes in diet and exercise that would have 
profoundly affected the results if a longer had been set. In 
contrast, an observation period of < 6 months would have not 
allowed the examination of the effect of discontinuation of 
ramelteon on HbA1c. To determine this period, we referred to 
two previous melatonin studies with 3- and 5-month observa-
tion periods.

In the present study, all patients were administered ramelt-
eon at the start of the study. For an accurate evaluation of the 
effect of ramelteon, it would have been preferable to assign pa-
tients initially to two groups (administration or discontinuation 
of ramelteon) and to set a placebo group. However, as patients 
can subjectively determine the effect of sleep medication, pa-
tients in the placebo group may experience a loss of trust in 
their physicians because they are not experiencing any im-
provements in sleep. Moreover, patients in the non-ramelteon 
group might insist on consent withdrawal. Therefore, ramelt-

eon was administered to all patients.

Limitations of this study

This study has some limitations. First, most type 2 diabetic 
patients with insomnia who regularly visited the hospital were 
already using a sleep medication. The rest of patients had not 
complained of or had not been asked from a doctor about 
sleeplessness. As only a few patients were satisfied with the 
conditions of untreated chronic insomnia, the number of regis-
tered patients was smaller than expected. Second, patients with 
an HbA1c level of ≥ 8 % were excluded and thus, few patients 
exhibited inadequate or poor glycemic control. We expected 
similar outcomes by administrating ramelteon to patients 
whose glycemic control was stable. However, ramelteon did 
not improve glucose metabolism in them. Ramelteon would 
likely have improved glucose metabolism in patients with a 
poor glycemic control.

Conclusion

Treatment with ramelteon did not change the HbA1c level 
but improved sleep quality in type 2 diabetic patients with in-
somnia. Discontinuation of ramelteon slightly increased the 
HbA1c level and did not worsen sleep quality.
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