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been found for zopiclone,7-9 comparable to that observed with 
benzodiazepine hypnotics. In fact, Barbone et al.6 reported a 
four-fold increase in traffic accident risk for patients treated 
with zopiclone.

The other “Z-Drugs,” zolpidem and zaleplon, do not impair 
driving ability when used as recommended.9-11 However, with 
higher dosages and shortened time between drug use and driv-
ing, zolpidem may seriously compromise traffic safety.12,13 In 
addition to an increased risk of traffic accidents, hypnotic drugs 
may also have a negative effect on postural balance,14 increas-
ing the risk of falls and hip fractures, especially in the elderly.15 
This highlights a need for the development of new hypnotics 
without these unwanted residual effects.

Ramelteon is the first drug in a novel class of hypnotics cur-
rently licensed for the treatment of chronic insomnia in the US, 
Japan, Philippines, Indonesia, and Taiwan. Ramelteon is a se-
lective melatonin receptor agonist and exerts its effect through 
selectively binding to melatonin receptors 1 and 2 (MT1/2), 
thereby inducing sleep.16 Since the sleep-promoting effect of 
ramelteon does not incorporate the sedative effects associated 
with the GABA-benzodiazepine receptor agonists, clinically 
important sedative and performance-impairing effects of ra-
melteon are minimal.17-19 Ramelteon has minimal affinity for 
benzodiazepine, dopamine and opiate receptors, ion channels, 
and a number of receptor transporters.17 However, its active 
metabolite M-II has weak affinity for the serotonin 5-HT2B 
receptor.20 Until now, no clinically relevant next-morning re-
sidual effects on cognitive or memory functioning have been 

INTRODUCTION
The most commonly prescribed drugs in the treatment of 

insomnia are benzodiazepines and the “Z-drugs” (i.e., za-
leplon, zopiclone, and zolpidem). These hypnotics bind to the 
γ-aminobutyric acid-A (GABAA) receptor complex, which 
mediates a large number of physiological functions includ-
ing sedation, anxiolytic effects, and muscle relaxation.1 In this 
fashion, these drugs are able to initiate and maintain sleep. 
Unfortunately, they may also produce next-morning residual 
effects, including drowsiness and cognitive and psychomotor 
impairment. These unwanted residual effects are of specific 
concern to patients who want to drive a car the morning after 
having taken a sleep medication. On-the-road driving stud-
ies have shown that benzodiazepine hypnotics significantly 
impair driving performance.2,3 Consistent with these findings, 
epidemiological studies have demonstrated an increased risk 
of traffic accidents and related injuries in patients using benzo-
diazepine hypnotics.4-6 Significant driving impairment has also 
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evidence of clinically relevant diseases, each subject was medi-
cally examined before inclusion. This screening comprised 
clinical laboratory tests (hematology, serum chemistry, and uri-
nalysis), 12-lead electrocardiogram, urine pregnancy test (for 
women), urine drug screen, and an alcohol breath test. Subjects 
were excluded if they had abnormal findings in the laboratory 
tests; history or presence of any clinically significant physi-
cal or mental disease; history of alcohol or drug dependence; 
past or current drug use; excessive caffeine consumption (> 5 
cups/day), smoking (> 10 cigarettes per day), or alcohol intake 
(> 21 drinks per week). On the last visit, 1 week after the last 
experimental session, subjects underwent a post-study medical 
examination. The use of concomitant medication was prohib-
ited except for oral contraceptives and peripherally acting an-
algesics. Alcohol was prohibited from 24 h before each dose of 
study drug until the end of the test day. Smoking and caffeine 
were not permitted on test days. The study was conducted ac-
cording to good clinical practice as laid down in the Declaration 
of Helsinki and its latest amendments. The medical ethics com-
mittee approved the protocol, and participants provided written 
informed consent prior to enrollment.

Study Design and Procedure
This was a double-blind, double-dummy, randomized, pla-

cebo-controlled, 3-way crossover study in healthy adult volun-
teers examining the single-dose effects of ramelteon (8 mg), 
zopiclone (7.5 mg), and placebo.

Subjects participated in 1 training session and 3 experimen-
tal sessions, with wash-out periods ≥ 1 week between sessions. 
They were habituated to the sleep facility during a sleep re-
hearsal night. Subsequently, subjects’ eligibility to participate 
in the study was assessed during the training session. Partici-
pants were included if the standard deviation of the lateral 
position (SDLP) at the end of the training driving test did not 
exceed 24 cm. In addition, subjects were familiarized with the 
procedures and were trained on the tests (car driving, balance 
and psychometric test battery) to avoid learning effects in the 
experimental sessions.

Figure 1 displays the flow chart of a regular test day. Dur-
ing each experimental session, 2 subjects reported to the 
sleep residence at 21:00. At 23:00, a balance test was per-
formed. Immediately before bedtime and lights out, at 00:30, 
each subject received a single oral dose of ramelteon 8 mg, 
zopiclone 7.5 mg, or placebo administered with water. To en-
sure study blinding, treatment was administered in double-
dummy fashion. Subjects received one tablet of zopiclone or 
matching placebo and one capsule of ramelteon or matching 
placebo. At 02:00, 1.5 h after drug intake and at peak plasma 
concentration, the subjects were woken up for the balance 
test. After the test, subjects went back to sleep and were wo-
ken up at 08:00. A light, standard breakfast was provided, 
and at 08:20 subjects were taken to the institute where they 
received a medical check. At 09:00, 8.5 h after treatment ad-
ministration, one subject started the driving test, while the 
second subject started the laboratory tests. At 10:30, 10 h af-
ter treatment administration, the first subject started the labo-
ratory test and the second subject started the driving test. At 
12:00, subjects underwent a short medical check for adverse 
events and were brought home.

reported.18,19,21-27 Consequently, it is expected that ramelteon 
will not show the next-morning impairing effects that are com-
mon with benzodiazepine hypnotics. The aim of the present 
study was to examine the residual effects of ramelteon (8 mg) 
versus placebo on driving performance, memory, and cogni-
tive and psychomotor functioning. Because of its known im-
pairing effects on driving,2,3 zopiclone (7.5 mg) was included 
as positive control.

METHODS

Subjects
Thirty healthy volunteers (15 male, 15 female) were recruit-

ed by means of public advertisements on and around the cam-
pus of Utrecht University. Inclusion criteria for subjects were: 
age 21-55 years, body mass index 18-34 kg/m2, normal vision, 
and possession of a valid driver’s license ≥ 3 years with a re-
ported average annual mileage ≥ 5,000 km during the 3 years 
prior to inclusion in the study. To exclude subjects with any 

21:00 Arrival at sleep residence

23:00 Balance test

00:30 Treatment administration

00:30 Going to bed

02:00 Balance test

08:00 Waking up & Breakfast

08:20 Transportation to institute

08:30 Medical check
subjective assessments

Subject 1 Subject 2

09:00 Driving test lab tests

10:30 lab tests Driving test

12:00 Adverse effects
subjects brought home

Figure 1—Flow chart of each test day.
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ry performance measure was the change in center of pressure 
(CoP). Subjects performed the test approximately 5 min after 
waking up and returned to bed within 15 minutes.

Psychometric Test Battery
The psychometric test battery comprised 4 different tasks: 

Word Learning Test, Sternberg Test, Tracking Test, and Divided 
Attention Test, which were selected from a larger set of tasks 
predefined in ERTS 3.17 (Experimental Run Time System). 
Different versions of the tests were used at each training ses-
sion and test day. The test battery was carried out with subjects 
seated at a table in a sound-attenuated test room with constant 
luminosity during the entire study.

Word Learning Test (immediate and delayed recall)
The Word Learning Test (WLT) is the Dutch language ver-

sion of the standardized, clinically validated test for verbal 
memory. A list of 15 monosyllabic meaningful nouns was pre-
sented on a screen at a fixed rate of 2 sec per word. As soon as 
the presentation stopped, the subjects were given 1 min to write 
down as many words as they were able to remember. The high-
est separate test score of 5 subsequent trials was the Immediate 
Recall Score (WLT-IR). Following a 30-min delay in which the 
other psychometric tests were performed, subjects were asked 
to write down as many of the previously shown words as pos-
sible within 1 minute. The number of correct responses was 
the Delayed Recall Score (WLT-DR). Finally, a series of words 
were presented on the computer screen, including the original 
set and 15 distracter words in random order. Subjects indicated 
by button press whether the given word was part of the original 
set. The number of correct recognitions and the average speed 
(ms) of correct recognitions were recorded as the Recognition 
Score (WLT-RS) and the Recognition Time (WLT-RT).

Sternberg Memory Scanning Test (working memory)
Subjects were asked to memorize a list of successively pre-

sented digits (i.e., 0-9). Probe digits were subsequently pre-
sented on the computer screen. By pressing a button, subjects 
had to indicate whether a digit was part of the memory set. The 
mean reaction time (RT, ms) and percentage of errors were the 
outcome measures.

Tracking Test (motor control)
Participants were instructed to keep an unstable moving bar 

in the middle of a horizontal plane by using a computer mouse. 
The task consisted of 2 parts: a slow moving bar and a fast mov-
ing bar. The root mean square (RMS) deviation of the mouse 
movements was the primary response measure.

Divided Attention Test
The objective of this task was to memorize a fixed set of 

digits and subsequently perform 2 tasks simultaneously. After 
the presentation of the memory set, the subject had to keep an 
unstable slow moving bar in the middle of a horizontal plane. 
Simultaneously, probe digits were presented on the computer 
screen, on which the subject had to decide whether a digit was 
part of the initially presented memory set. Outcome measures 
were reaction time (ms), percentage of errors, and RMS devia-
tion of the mouse movements.

The On-the-Road Driving Test
A standardized method of measuring driving ability, the on-

the-road driving test28 was performed on a 100 km-primary 
highway circuit, i.e., the primary highway (A12) between the 
cities of Utrecht and Arnhem. To guard safety during the test, a 
licensed driving instructor who had access to dual controls ac-
companied the subject.

Subjects were instructed to drive with a steady lateral po-
sition between the delineated boundaries of the right (slower) 
traffic lane while maintaining a constant speed of 95 km/h. A 
camera mounted on the roof of the car continuously recorded 
the position of the car within the traffic lane, by measuring 
the relative distance of the car from the left lane delineation. 
The speed and lateral position of the car were continuously re-
corded, digitally sampled at 2 Hz, and edited off-line to remove 
data that were disturbed by extraneous events (e.g., overtaking 
maneuvers, traffic jam). The standard deviation of lateral posi-
tion (SDLP), i.e., the amount of weaving of the car, was the 
primary outcome measure. Standard deviation of speed (SDS, 
km/h) was the secondary outcome measure. Mean lateral posi-
tion (MLP, +/- cm) to the right (+) or left (-) of the lane center, 
and mean speed (MS, km/h) were control variables.

Subjective Assessments
After the driving test, subjects indicated the perceived qual-

ity of their driving performance on a visual analog scale, which 
ranged from “I drove exceptionally poorly” to “I drove excep-
tionally well” around a midpoint of “I drove normally.” The 
level of effort they had to invest in performing the task was 
indicated on a 15-cm equal-interval scale.

The ARCI-49 questionnaire29 was also completed after the 
driving test. It comprised 5 scales that indicated mood changes 
accompanying different drug classes: pentobarbital-chlor-
promazine-alcohol group scale (measuring sedation), Benze-
drine group scale (measuring intellectual efficacy and energy), 
morphine-Benzedrine group scale (measuring euphoria), am-
phetamine scale (measuring amphetamine-like effects), and 
the lysergic acid diethylamide scale (measuring dysphoria and 
somatic symptoms).

Sleep Quality
Each morning after waking up, quality of sleep was assessed 

using the 14-item Groningen Sleep Quality Scale (GSQS).30 
GSQS scores range from 0 to 14. The GSQS has previously 
been used in patients with seasonal affective disorder31 and 
shift-workers.32 In general, if sleep is unrestricted and undis-
turbed, subjects score 0 to 2 points. A higher score (6 to 7) indi-
cates disturbed sleep.

Balance Test
At presumed peak plasma concentration,18,33 i.e., 1.5 h af-

ter bedtime, subjects were woken to perform the balance test. 
Body sway was measured using the AccuSway Plus platform 
(Advance Medical Technology, Massachusetts, USA). Subjects 
were instructed to stand on the balance platform with their arms 
at their side. Subjects’ balance was recorded standing on the 
platform for 60 sec with their eyes open and then 60 sec with 
their eyes closed. Recordings took place in a quiet room, and 
speaking was not allowed during the recordings. The prima-
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RESULTS
A total of 31 subjects were screened. One subject voluntarily 

withdrew from the study. Thirty subjects completed the study. 
Their mean age was 25.9 (6.53 SD) years old. The mean (SD) 
sleep quality score was 3.96 (3.77) for placebo, 5.22 (3.67) for 
ramelteon, and 2.63 (1.55) for zopiclone. Neither hypnotic sig-
nificantly differed from placebo (P > 0.05). No significant order 
effects or gender effects were observed. Results of the driving 
test are summarized in Table 1 and Figure 2.

All subjects completed their driving tests. Relative to place-
bo, ramelteon (+2.2 cm) and zopiclone (+2.9 cm) significantly 
increased SDLP (P < 0.001). Standard deviation of speed, mean 
speed, and mean lateral position did not differ significantly be-
tween treatments. When compared to placebo, subjective driv-
ing quality was rated as significantly worse after ramelteon 
(P < 0.001), but not after zopiclone. Also, mental effort to per-
form the test was significantly higher after ramelteon (P < 0.01), 
whereas no differences were reported between zopiclone and 
placebo. A summary of performance on the psychometric and 
balance tests are presented in Table 2.

In the word learning test, immediate word recall was not af-
fected by any treatment. Also, no significant differences between 
treatments were found for word recognition. Delayed word re-
call was significantly impaired after ramelteon (P < 0.032) and 
zopiclone (P < 0.01). In the Sternberg Memory Scanning Test, 
mean reaction time was significantly higher after both ramelte-
on (P = 0.024) and zopiclone (P < 0.001) than after placebo. No 
differences from placebo were found in the percentage of errors 
in the Sternberg Memory Scanning Test. Ramelteon and zopi-
clone significantly impaired performance in the tracking test, 
in both the slow (P ≤ 0.007) and fast condition (P ≤ 0.010). In 
the Divided Attention Task, tracking was significantly impaired 
after both ramelteon and zopiclone (P < 0.001), and mean reac-
tion speed was significantly slower after zopiclone (P = 0.007) 
and ramelteon (P = 0.015). There were no statistically signifi-
cant differences between treatments in the percentage of errors. 
In the DSST, when compared to placebo, the number of correct 
pairs were significantly less after zopiclone (P < 0.001) but not 
after ramelteon (P = 0.084). On the balance test, ramelteon did 
not affect performance, whereas zopiclone increased postural 
sway in both eyes open and eyes closed conditions (P < 0.001).

Results from the ARCI-49 Questionnaire showed that 
when treated with ramelteon, subjects reported significantly 
less euphoria (P < 0.007), more dysphoric/somatic symptoms 
(P < 0.049), more sedation (P < 0.001), less intellectual effi-
ciency (P < 0.0001), and less activation (P < 0.006), compared 
to placebo. After zopiclone treatment, subjects did not report 
any significant differences from placebo.

Adverse Events
No serious adverse events were reported. Somnolence, 

disturbance in attention, and fatigue were most frequently re-
ported. Somnolence was reported by 20 subjects (66.7%) tak-
ing ramelteon, 22 subjects (73.3%) taking zopiclone, and 10 
subjects (33.3%) taking placebo. Disturbance in attention was 
reported by 12 subjects (40.0%) taking ramelteon, 7 subjects 
(23.3%) taking zopiclone, and 6 subjects (20.0%) taking place-
bo. Fatigue was reported by 11 (36.7%) subjects taking ramelt-
eon, 6 (20.0%) taking zopiclone, and 8 (36.7%) taking placebo.

Digit-symbol substitution test (DSST)
Subjects were presented with a code in which the numbers 

0 to 9 were matched with a simple symbol, and with a list of 
digits randomly arranged in rows. Subsequently, participants 
were asked to attempt as many correct symbol-for-digit sub-
stitutions as possible within 1.5 minutes. Outcome measures 
were the total number of correctly completed pairs and the per-
centage of errors.

Statistical Analysis
Statistical analysis was performed using SAS, Version 8.2. 

The treatment groups were compared using a 3-way crossover 
analysis of variance (ANOVA) model with treatment, sequence, 
and period as fixed factors, and subject within sequence as a 
random effect. A pairwise comparison between the active treat-
ments and placebo was conducted. Differences from placebo 
were considered significant if P < 0.05.

Table 1—Driving test results 

Ramelteon Zopiclone Placebo
sDlp (cm) 20.9 (0.7)* 21.6 (0.8)* 18.7 (0.7)
sDs (km/h) 2.7 (0.2) 2.6 (0.1) 2.5 (0.1)
Mlp (cm) 26.3 (3.0) 26.7 (3.0) 27.2 (3.1)
Ms (km/h) 93.5 (0.3) 93.8 (0.3) 93.8 (0.2)

Data are reported as mean (seM). sDlp, standard deviation of lateral 
position; sDs, standard deviation of speed; Mlp, mean lateral position; 
Ms, mean speed; seM, standard error of the mean. *p < 0.05 vs placebo.

Table 2—performance on the memory and psychomotor tests

Ramelteon Zopiclone Placebo
WlT-iR 13.5 (0.4) 13.1 (0.4) 13.5 (0.3)
WlT-DR 11.1 (0.6)* 10.1 (0.6)* 12.2 (0.5)
WlT-Rs 13.7 (0.3) 13.6 (0.2) 13.9 (0.2)
WlT-RT (ms) 722.1 (33.2) 767.4 (32.7) 713.6 (31.3)
sMsT-RT (ms) 565.6 (22.2)* 584.1 (19.3)* 536.1 (20.1)
sMsT- errors (%) 5.2 (0.8) 5.2 (0.9) 4.2 (0.6)
Tracking-slow 11.1 (1.5)* 11.0 (1.4)* 8.6 (1.3)
Tracking-Fast 26.1 (0.9)* 25.5 (1.0)* 23.8 (1.1)
DAT-tracking 14.0 (1.5)* 13.9 (1.5)* 10.8 (1.5)
DAT- errors (%) 4.3 (0.5) 4.1 (0.5) 6.7 (3.1)
DssT 67.0 (2.1) 64.3 (2.1)* 68.5 (2.0)
Cop-change from 
pre-dose (eyes 
open)

1.5 (0.3) 5.5 (1.1)* 1.5 (0.6)

Cop-change from 
pre-dose (eyes 
closed)

1.2 (0.3) 5.7 (1.5)* 1.4 (0.6)

Data are reported as mean (seM). WlT, Word learning Test; iR, 
immediate recall; DR, delayed recall; Rs, recognition score; RT, reaction 
time; sMsT, sternberg Memory scanning Test; DAT, Divided Attention 
Test; DssT, digit symbol substitution test; Cop, center of pressure. 
*p < 0.05 vs placebo.
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difference in weaving between placebo and the active sub-
stance) is considered to be the cut-off point for a clinically rele-
vant difference. This SDLP increment was found previously for 
a blood alcohol concentration (BAC) of 0.05%, the legal limit 
for driving a car in many countries.34 A BAC of 0.05% is the 
point at which the ability to perform skills necessary for driving 
becomes affected and at which the risk of being involved in a 
traffic accident increases substantially.35-37 The mean increase 
in SDLP after the intake of ramelteon (+2.2 cm) was just below 

DISCUSSION
Contrary to expectations, this study showed that on the morn-

ing following bedtime administration, ramelteon significantly 
impaired performance on driving, psychometric and memory 
tests and affected mood. In line with previous studies, zopi-
clone significantly impaired performance on most tests.

As established in studies on the effect of alcohol on driving 
performance, an increase in SDLP of 2.4 cm (i.e., the relative 

Figure 2—Driving test results. individual data for (A) standard deviation of lateral position (sDlp), (B) standard deviation of speed, (C) subjective driving 
quality, ranging from 0 meaning “i drove exceptionally poorly” to 20 “i drove exceptionally well” around a midpoint of 10 “i drove normally” and (D) mental effort 
to perform the test; examples of statements provided at anchorpoints along the VAs scale are displayed next to the dashed lines. same numbers represent 
same subjects. Group mean and 95% confidence interval are indicated for each treatment.
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battery including more complex psychomotor tests, e.g., Stern-
berg memory scanning, tracking, and divided attention. There is 
a possibility that impairments in daytime functioning after bed-
time intake of ramelteon cannot be revealed by simple tests of 
relative short duration. This would also explain why the night 
shift study, that also used an elaborate test battery, also reported 
significant impairment after administration of ramelteon.40 In 
the present study, duration of the driving test was about 1 hour, 
and most psychometric tests took about 8 to 10 minutes to com-
plete. It can therefore be assumed that in the present study men-
tal effort to perform the test battery and driving test was higher 
than tests performed in other clinical trials.

It is unlikely that performance of the middle-of-the night bal-
ance task (requiring a short disruption of sleep) may have influ-
enced next-morning test performance in this cross-over design. 
Since the balance test was performed approximately five min-
utes after being woken up, sleep inertia most likely had already 
disappeared and did not influence results. The fact that zopiclone 
and ramelteon have a different mechanism of action may explain 
why zopiclone does impair balance and ramelteon does not.

Due to its half-life of 0.83 to 1.90 hours,19 it seems unlike-
ly that ramelteon still had an effect in the morning. There is, 
however, a possibility that the active metabolite M-II, which 
has a half-life of 2.27 to 3.39 hours,19 caused the effects. Fu-
ture studies should examine the possible causes of the residual 
effects of ramelteon.

Limitations
The absence of polysomnography as objective measure of 

sleep parameters, or any other objective measure of sleep, may 
be seen as a limitation of the current study. An important ra-
tionale for not conducting polysomnography was that the pre-
vious studies that specifically examined sleep found either an 
improvement with ramelteon relative to placebo, or no differ-
ence. In fact, in no study did ramelteon impair sleep.22,26 Thus, 
there was no a priori reason to expect sleep disturbance associ-
ated with ramelteon use, or much less than the degree of sleep 
disturbance to impair next-day performance.

In retrospect, given the surprising nature of our results, data 
on sleep and circadian phase would have been helpful in ex-
plaining these results. However, it must be recognized that 
explanations would not negate the current finding of impaired 
driving with ramelteon use.

In the current study, healthy volunteers were included in-
stead of patients with insomnia. This was done on purpose. The 
vast majority of driving studies have been done in healthy vol-
unteers44; similarly, on-the-road studies examining the residual 
effects of hypnotic drugs have been performed in healthy vol-
unteers.2,3 These studies provide the most direct measure of drug 
effects, which also emphasizes the importance of our results. 
Studies in healthy volunteers are critical to understand the specif-
ic effects of drugs in the absence of disturbed sleep. In our study, 
disturbed sleep was an exclusion criterion, and all participants 
underwent a sleep rehearsal night. If studies in insomniacs would 
negate these residual effects, and if tolerance develops after daily 
use of ramelteon, are interesting topics for future research.

In summary, our data show that both ramelteon (8 mg) and 
zopiclone significantly impair next-morning driving perfor-
mance, memory, cognitive, and psychomotor functioning. In 

this limit. However, relative to placebo, one-third (10/30) of 
subjects receiving ramelteon had an SDLP increment of more 
than 2.4 cm. Zopiclone caused a mean SDLP increment of 2.9 
cm, and more than half (17/30) of the subjects drove worse than 
the BAC 0.05% limit. The mean effect of zopiclone is compa-
rable to that observed with a BAC between 0.05 and 0.08%.34

The clinical implication of these findings is that patients ini-
tiating treatment with ramelteon (and zopiclone) should be cau-
tioned when they want to drive a car, because there is a potential 
risk that driving may be impaired the morning following bed-
time administration. In this context, the VAS scales assessing 
subjective driving quality and mental effort to perform the driv-
ing test yielded important information. That is, whereas subjects 
acknowledged reduced subjective driving quality and increased 
mental effort to perform the driving test after using ramelteon, 
they did not after using zopiclone. Of concern, after using zopi-
clone subjects rated their driving quality as normal, whereas in 
fact driving was more impaired than after using ramelteon. Our 
findings for zopiclone were similar to those observed in previ-
ous on-the-road driving studies.38,39 In line with impairment on 
the driving test, both ramelteon and zopiclone produced signifi-
cant impairment on psychomotor, memory, and cognitive tests. 
Similar to previous studies,21,23 and in contrast to benzodiazepine 
hypnotics,14 body balance, assessed in the middle of the night at 
peak plasma concentration, was not affected by ramelteon. In 
contrast, zopiclone significantly increased postural sway.

Significant next-day residual effects on psychomotor perfor-
mance, memory, performance, and mood were found for both 
ramelteon and zopiclone. The effects of both hypnotics are com-
parable with those found in a study examining the effects of BAC 
0.05%, using the same driving test and psychometric test battery.12

The unexpected results of this study are difficult to explain 
when compared to most previous studies as well as the kinetics 
of the drug. Effects of ramelteon on memory functioning have 
not been demonstrated in most other studies.18,21-25,27 However, 
a study including a simulated night shift demonstrated signifi-
cant impairment on Probed Recall Memory recognition.40 Two 
studies using word learning tests similar to the one used here, 
also reported significant impairment, one in chronic insomni-
acs41 and one in subjects experiencing jet lag.42 The study in 
insomniacs demonstrated small decreases in delayed memory 
performance after one week of treatment with ramelteon (8 mg) 
and on immediate recall after three weeks of treatment. The jet 
lag study showed effects on immediate memory recall in all 
dosages (1, 4, and 8 mg) after four days of bedtime intake. In 
the present study, both immediate and delayed recall were test-
ed in the morning after bedtime intake. In other studies, words 
were presented in the evening before ramelteon administration 
and delayed memory was tested in the morning. The fact that 
subjects were asleep between learning and retrieval may have 
facilitated retention,43 and may thus explain differences with the 
current study. One study in patients with chronic insomnia did 
conduct a memory test in the morning after intake, but measure-
ments were performed not earlier than one week after treatment 
onset.24 It remains uncertain why pharmacodynamic studies 
performed during the day did not show negative effects.18,21,23

Regarding psychomotor functioning, no other study found 
an effect on DSST18,19,21,22,24-27,41 or on a circular lights test.21 In 
contrast to these studies, the present study used an elaborate test 
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Roszbach R, eds. Alcohol, Drugs and Traffic Safety - T86. Amsterdam: 
Excerpta Medica, 1987:183-92.

35. Moskowitz H, Fiorentino D. A review of the literature on the effects of 
low doses of alcohol on driving-related skills. Report DOT HS 809 028. 
Washington, DC: US Department of Transportation, National Highway 
Traffic Safety Administration, 2000.

36. Borkenstein RF, Crowther RP, Shumate RP, Zeil WW and Zylman R. The 
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Fiorentino D. Crash risk of alcohol impaired driving. In: Mayhew DR, 
Dussault C, eds. Proceedings of alcohol, drugs and traffic safety- T 2002: 
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38. Volkerts ER, Louwerens JW, Gloerich ABM, Brookhuis, KA, O’Hanlon 
JF. Zopiclone’s residual effect upon actual driving performance versus 
those of nitrazepam and flunitrazepam. VSC, Report 84-10, Traffic Re-
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39. Leufkens TR, Lund JS, Vermeeren A. Highway driving performance and 
cognitive functioning the morning after bedtime and middle-of-the-night 
use of gaboxadol, zopiclone and zolpidem. J Sleep Res 2009;18:387-96.

contrast to zopiclone, ramelteon had significant effects on next-
day mood but produced no impairment on the DSST or middle-
of-the night balance test. Future studies should aim at finding 
explanations for the residual effects of ramelteon by assaying 
both sleep and circadian phase.
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