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Effects of Add-on Ramelteon on Cognitive Impairment in Patients with 
Schizophrenia: An Open-label Pilot Trial
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Objective: This open-label study examined the effects of ramelteon on cognitive functions in 10 outpatients with schizophrenia.
Methods: Ramelteon (8 mg/day) was administered to 10 patients with schizophrenia for six months. The verbal fluency test, 
Trail-Making Test, the Wisconsin Card Sorting Test, the Stroop Test, the Digit Span Distraction Test, Iowa Gambling Task, the 
Rey Auditory Verbal Learning Test were evaluated at baseline and 6 months after treatment with ramelteon.
Results: Ramelteon improved significantly the scores of Rey Auditory Verbal Learning Test. Additionally, ramelteon exerted im-
provements in the verbal fluency and Iowa Gambling Task in 4 patients.
Conclusion: Ramelteon could be a potential therapeutic drug, in adjunctive treatment of learning and memory deficits seen 
in patients with schizophrenia.
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INTRODUCTION

Patients with schizophrenia showed verbal memory def-
icits,1,2) although cognitive impairment is a core feature of 
schizophrenia.3-5) The effect of atypical antipsychotic drugs 
on cognitive function in schizophrenia is controversial.6) A 
previous open-label study demonstrated that aripiprazole 
improved more favorably deficits in verbal learning of pa-
tients with schizophrenia over olanzapine.7) 

Ramelteon is a melatonin selective agonist used to treat 
insomnia. Recent clinical studies reported that ramelteon 
was effective in maintaining mood stability for patients 
with bipolar disorder,8) that ramelteon was associated with 
an improvement in the rating of depressive symptoms,9) 
that ramelteon administered elderly patients admitted for 
acute care provided protection against delirium,10) and 
that ramelteon produced a decrease in total cholesterol and 
the cholesterol to high-density lipoprotein ratio in patients 
with schizophrenia.11) In a recent study, melatonin amelio-
rated cognitive impairment induced by sleep deprivation.12) 
A recent study with healthy volunteers reporting a rela-

tionship between melatonin and prepulse inhibition of the 
startle reflex, which is demonstrated to be impaired in pa-
tients with schizophrenia.13) However, there are no reports 
on the effects by ramelteon on cognitive impairment in 
schizophrenia. Here, we have conducted an open-label 
study of ramelteon, added to ongoing atypical antipsy-
chotic drug therapy, in patients with schizophrenia.

METHODS

Subjects
The participants consisted of 10 schizophrenic patients 

(age: 42.5±7.3 years [mean±standard deviation]). All pa-
tients were recruited from the outpatient clinic of Teikyo 
University Chiba Medical Center. All participants met the 
the Diagnostic and Statistical Manual of Mental Disorders 
4th edition criteria for schizophrenia, residual type, and 
had no other psychiatric disorders. Their psychiatric 
symptoms were stable for at least 3 months prior to the 
examination. Thus, we did not see any positive symptoms 
in the patients in the current study. The age at onset was 
34.6±7.3 years. The duration of illness was 94.5±64.2 
months. All participants were receiving second-gen-
eration neuroleptics, namely risperidone, quetiapine, 
olanzapine, blonanserin and aripiprazole (chlorpromazine 
equivalent dose, 760±425 mg/day).14) Five participants 
were being treated with anticholinergic drug biperiden 
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Table 1. Cognitive test scores at baseline and 6 months

Cognitive tests Baseline 6 Months p value

TMT part A 34.7±13.0 35.7±17.5 0.699

TMT part B 95.7±40.5 88.8±51.6 0.603

WCST (category) 4.80±2.09 4.70±1.63 0.757

WCST (perserverative error) 2.10±3.57 0.80±1.87 0.140

Verbal fluency test (letter) 26.0±7.1 25.7±7.2 0.828

Verbal fluency test 

(category)

35.5±7.7 39.4±7.5 0.094 

Stroop Test (C-D) 7.10±4.67 5.87±3.22 0.237

DSDT (without distractor) 76.8±18.7 80.3±15.9 0.513

DSDT (with distractor) 79.7±18.1 79.3±21.9 0.937

IGT (1-100) (total) −6.5±15.0 3.0±22.4 0.282

IGT ([41-100]-[1-20]) 

(improvement)

−4.6±12.3 5.4±20.3 0.170

RAVLT (total learning) 37.2±8.8 43.6±9.2 0.046*

RAVLT (delayed recall) 7.4±2.6 9.7±2.9 0.055†

RAVLT (recognition) 14.3±0.9 15.0±0.0 0.044*

Values are presented as mean±standard deviation.
*p＜0.05 (paired Student’s t-test).
†A trend for significance.
TMT, Trail-Making Test; WCST, Wisconsin Card Sorting Test; DSDT, 
Digit Span Distraction Test; IGT, Iowa Gambling Task; RAVLT, Rey 
Auditory Verbal Learning Test.

(mean dose, 1.8±1.0 mg/day). Seven were being treated 
with benzodiazepine drugs for anxiolytic or hypnotic 
effects. Participants received ramelteon at 8 mg/day for 
six months. Clinically, there were no changes in symp-
toms between baseline and the 6-month follow up. This 
research was approved by the ethics committee of Teikyo 
University Chiba Medical Center (study #11-32). Written 
informed consent was obtained after the procedure had 
been fully explained to each participant.

Clinical Measures
Intelligence quotient scores (IQ) were estimated from 

the scales of information, digit span and picture com-
pletion, using the short version of the Wechsler Adult 
Intelligence Scale-Revised. The mean estimated IQ was 
91.0±13.5. To assess cognitive function in the prefrontal 
cortex, six neuropsychological tests, the Trail-Making 
Test (TMT; part A and part B), the Wisconsin Card Sorting 
Test (Keio version; 48 cards), the verbal fluency test, the 
Stroop Test, the Digit Span Distraction Test (DSDT), and 
the Iowa Gambling Task (IGT) were administered. One 
memory test, the Rey Auditory Verbal Learning Test 
(RAVLT) was administered. Cognitive tests were eval-
uated at baseline and six months after treatment with 
ramelteon.

Statistical Analysis
The data were analyzed using paired Student’s t-test. 

Differences were set to be significant when p＜0.05. 
GraphPad Prizm 5 for Mac OS X (GraphPad Software, 
Inc., LA Jolla, CA, USA) was used.

RESULTS

The summary of cognitive function tests is shown in 
Table 1. The RAVLT scores of both total and recognition 
were significantly increased after ramelteon treatment. 
The RAVLT score (delayed) showed a trend for improve-
ment: the condition of six patients improved while one pa-
tient worsened. A sample size of 10 achieves 52% power 
to detect a difference of −6.4 between the baseline and 
endpoint RAVLT (total learning) with an estimated stand-
ard deviation of 9.0 and with a significance level (alpha) of 
0.05.

Other cognition tests showed no statistical change after ra-
melteon treatment. However, in the verbal fluency (catego-
ry), four patients improved, and one patient worsened. In the 
IGT, for both total and improvement, four patients showed 
ameliorated symptoms, while one worsened.

DISCUSSION

In this open-label study with 10 outpatients with schiz-
ophrenia, we found that ramelteon improved significantly 
the scores of RAVLT. RAVLT examines hippocampus- re-
lated memory functions. A recent study reviewed hippo-
campal dysregulation as a pathophysiological basis for 
psychosis in schizophrenia.15) Next, ramelteon exerted 
improvements in the verbal fluency test and Iowa 
Gambling Task in 4 patients, but without beneficial effects 
on other cognitive tests such as the TMT, the Wisconsin 
Card Sorting Test, the Stroop Test, and the DSDT. This 
suggests that ramelteon exerts more effects on verbal 
learning and memory rather than cognitive function tests 
of the prefrontal cortex in patients with schizophrenia. In 
addition, we found that these cognitive tests were not al-
tered by two measurements in four healthy subjects (data 
not shown). Therefore, it is unlikely that the improvement 
induced by ramelteon on cognitive function in schizo-
phrenic patients were due to practice effects.

The biological mechanisms underlying the effect of ra-
melteon on memory functions in schizophrenia may be 
partially explained by past reports, which noted that schiz-
ophrenic patients present with lower night-time melatonin 
levels than healthy controls.16,17) A recent study reported 
that melatonin and agomelatine, a melatonergic agonist 
with 5-HT2C antagonist properties, induced memory en-
hancing effects in the novel object test.18) This paradigm 
presents a potential animal model for atypical antipsy-
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chotic activity, in the amelioration of cognitive deficits in 
schizophrenia.19) Furthermore, melatonin MT2 receptor- 
deficient mice showed learning and memory deficits in the 
elevated plus-maze.20) Therefore, it is likely that ramelteon, 
a melatonergic agonist, works at melatonin receptor to re-
cover impaired learning and memory on the RAVLT.

A recent study reported that aripiprazole improved ver-
bal learning from baseline to the 8th and 26th week of as-
sessment when compared with olanzapine.7) Therefore, 
we have not ruled out the possibility that second gen-
eration antipsychotic drugs could show delayed effective-
ness, although we found no difference in efficacy between 
the aripiprazole group, olanzapine group and other groups 
of antipsychotics in this study (data not shown). Future 
studies using larger sample sizes will be needed to address 
this issue. 

This study has a number of limitations. First, the stat-
istical power of is relatively small and the study lacks a 
control group. Additionally, practice effects can not be ruled 
out due to limited sample size and therefore limited power.

In conclusion, this open-label study suggests that ra-
melteon could be a potential therapeutic drug, in ad-
junctive treatment of learning and memory deficits seen in 
patients with schizophrenia.
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