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Abstract

Introduction: Current hypnotic agents have next-day residual effects. The new orexin
antagonist, suvorexant, has little muscle relaxation effect on the physical and cogni-
tive function in the following morning and daytime. In this study, the effects of suvo-
rexant, zolpidem, ramelteon and placebo in elderly subjects were evaluated.
Methods: Six men and eight women aged 63-75years received a single tablet and
lights were then turned off. Subjects were instructed to sleep from 23:00-6:00 with
an interruption from 4:00-4:30 for evaluations. Suvorexant 10 mg, zolpidem 5 mg,
ramelteon 4 mg or placebo was administered single time in a randomized, double-blind
and crossover design with a one-week drug holiday in between each drug. Measures
of objective parameters and subjective ratings were obtained every 2h from 4:00 to
16:00.

Result: No subjects showed serious side effects from physical observations and vital
sign checks before and after hypnotics were taken. During the first sleep period, the
REM sleep time with suvorexant was especially longer than that with zolpidem. During
the second sleep period, suvorexant had shorter sleep latency and longer stage?2 sleep
time than ramelteon and zolpidem, respectively. During the whole entire sleep, the
REM sleep time with suvorexant was longer than zolpidem and placebo. For the body
sway test with closed eye, the main effects of the medicines and zolpidem were sig-
nificantly better than suvorexant and ramelteon.

Conclusion: The changes of physical and cognitive functions in healthy elderly after
taking hypnotics were not remarkable. Therefore, these three hypnotics maybe ap-

propriate for the elderly people with insomnia for single-time low dose administration.
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1 | INTRODUCTION

It has been reported that the prevalence of insomnia among the
adults in Japan is 17.3%-21.5%, of which the frequency of use of
hypnotics is 3.5%-5.4%.7% It has been pointed out that the use of
hypnotics is associated with falls*” and cognitive impairments® of
the elderly. Under these circumstances, appropriate guidelines were
provided recently on the use of hypnotics for the elderly in Japan.’?
The GABAa agonists, benzodiazepines and non-benzodiazepines
(e.g., zolpidem), have a muscle-relaxing action and are therefore con-
sidered to have a high risk of falls.’°12 The above Japanese guide-
lines currently recommend the melatonin agonist, ramelteon, and
the orexin antagonist, suvorexant.” Ramelteon has the advantage of
little muscle relaxant effect.'®'* Suvorexant has a long half-life (10h)

1516 and is considered to have a

with little muscle-relaxing action,
low risk of falls due to muscle relaxation during mid-sleep awaken-
ing. It is also considered to be advantageous for sleep disturbances
such as wake after sleep onset (WASO) and early morning wakeful-
ness, which are common among elderly people.

Several studies have examined the motor and cognitive functions
of the elderly after taking hypnotics.”’20 Furthermore, few studies
have been conducted on the psychomotor function at night or in
the early morning when the fall is likely to occur due to the residual
effect of hypnotics.?%22

Previously, we conducted research on a group of GABAa agonists,
zolpidem, eszopiclone, triazolam, rilmazafone, zaleplon and the mel-
atonin agonist, ramelteon (not published yet).22'26 As a result, single
use of these hypnotics was useful for young and elderly subjects.n’26

In this study, we conducted an experiment using EEG, and phys-
ical and cognitive functions tests with the recommended hypnotics
with a weak muscle relaxant effect. Then, we investigated hypnotics
for safety in the elderly subjects using melatonin agonist ramelteon,

orexin antagonist suvorexant and GABAa agonist zolpidem.

2 | METHODS

21 | Design

We conducted a single-blind pharmacokinetic assessment of 5 mg
zolpidem (half-life: 2.6 h), 10 mg suvorexant (12h) and 4 mg ramelt-
eon (1-2.5 h)?” in the same subjects (Figure 1) in a randomized,
double-blinded, active- and placebo-controlled manner for 4 weeks.
We were approved by Akita University Ethics Committee. This
study was carried out in accordance with the principles based on the
Declaration of Helsinki, and written informed consent was obtained
from all subjects.

2.2 | Subjects

We recruited healthy 60-75years old Japanese subjects who fell
asleep between 20:00 and 24:00 (Table 1), confirmed by their
physical examination, medical history and hematology, and clinical
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biochemical tests. Any subject who took hypnotics within the previ-
ous year are addicted to drugs or alcohol or had a history of repeated
falls or a fracture within the past two years was excluded from our
study. In total, six men and eight women were enrolled following the
inclusion and exclusion criteria. The subjects were advised to refrain
from strenuous or unaccustomed exercise during the day.

We advised the subjects to refrain from prescribed and non-
prescribed medications and supplements. They were also advised to
limit their alcohol consumption to two glasses of wine or two small
bottles of beer per day. They abstained from alcoholic drinks two
days before the admission to the unit or before prestudy and post-
study visit. Caffeine and nicotine were prohibited 1 day before each
visit. Four subjects had difficulty falling asleep, two woke up during

sleep and one woke up early among 14 subjects.

2.3 | Procedure

The medication sequences were randomized when administered to
the subjects; however, the amounts were kept the same: suvorexant
10 mg, ramelteon 4 mg and placebo with a 6-day washout period
in between each medication. The subjects took the hypnotics or
placebo at bedtime (23:00) and lights were then turned off. In the
morning following the administration, lights were turned on at 4:00
and 6:00 (5 and 7 h post administration) (Figure 1). On Day 1, we
measured the objective parameters and subjective parameters 1h
before the medication at 22:00. The subjects stayed in a local hotel
room, from early evening until 17 h after the administration. They
all ate the same breakfast. The bedroom temperature was kept at
23°C; the humidity 38%; and the illumination 200-300 Lux before
bedtime. Subjects were instructed to sleep from23:00 to 6:00 with
an interruption from 4:00 to 4:30. We prepared the same sleepwear

and bedding for them every evening.

2.4 | Sleep evaluation

Before the experiments, we evaluated their sleep based on the
Japanese version of the Pittsburgh Sleep Quality Index (PSQI-J)?82?
and confirmed that subjects had no sleep disorders. We also evalu-
ated their sleep schedule cycle and chose the intermediate type,
based on the Morningness-Eveningness Questionnaire (MEQ)®°
which subjects had completed in advance.

All patients underwent an overnight polysomnography (PSG) mon-
itoring on experimental nights (Figure 2), which was obtained using a
single-channel electroencephalogram (EEG) (MOOMIN-KEI; Sleep
Well Co., Osaka, Japan,) as previously described.*! According to pro-
tocol,3? the recorded nights were divided into 30s sequential periods
and manually classified into rapid eye movement (REM) sleep and non-
REM sleep, which was further classified into light sleep (N1, N2) or slow
wave sleep (N3). Total sleep time (TST) was calculated as the total sleep
period minus the wake time after sleep onset (WASQ). Sleep onset was
defined by the first occurrence of stage 2 sleep, which was followed
by 5 min of continuous sleep composed of stage 1, 2, 3, or REM sleep.
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FIGURE 1 Overview of protocol subjects were randomized to treatment sequences including zolpidem 5 mg, suvorexant 10 mg, and
ramelteon 4 mg, and placebo administered in a crossover fashion, with a 6-day washout period between each treatment. Hypnotics

or placebo were orally administered to each subject at bedtime (23:00) and lights were then turned off. On the morning following the
administration, lights were turned on at 04:00 and 06:00 (5 and 7 h post medication). Measurement of objective parameters and subjective
parameters were obtained beginning at 22:00 (1 h pre-medication) on Day 1. Subjects remained in the recording room from early in

the evening of administration until 17 h post-dose. All subjects took the same breakfast. The experiment was conducted in a local hotel
room. The bedroom temperature was 23°C, the humidity was 38%, and the illumination was 200-300 lux before bedtime. Subjects were
instructed to sleep from 23:00 to 6:00 with interruption from 4:00 to 4:30. We prepared the same sleepwear and bedding for them every
evening. Dynamic and static balance indexes, objective assessment (CFF, FRT, TUG, body sway test, SDR, STM) and subjective (SSS, VAS)
evaluations were performed. Please refer to the method section for details

2.5 | Objective assessments
Dynamic and static balance indexes, cognitive and subjective evalua-
tions were performed. It has been confirmed that the dynamic balance
indicators TUG and FRT reflect falls in the elderly.>*3* The following
results are depicted in the supplementary figures S2 and S3.
[Correction added on 12 August 2022, after first online publica-
tion: In the objective assessments section, the text were corrected
from “This is depicted to Fig. 4” to “The following results are de-

picted in the supplementary Figures S2 and S3".]

2.51 | Thetimed up and go test (TUG test)
The TUG test was performed according to the method described
by Podsiadlo and Richardson.3* Participants had to stand up from a

sitting position (height of chair = 40cm) and walk 3 m along a line,

perform a 180° turn, and walk back to the chair and sit down; this
was timed. The TUG tests were conducted twice, and the best time
(where appropriate) was used. Smaller values were better results for
TUG.

2.5.2 | Functional reach test (FRT)

In the FRT, the protocol described by Duncan et al.®

was applied
and a GB-200R (OG giken) was used. Each participant was posi-
tioned with one arm raised at 90° and fingers extended. A yardstick
was mounted on the wall at shoulder height.

The distance that a participant could reach while extending for-
ward from the initial upright posture to the maximal anterior leaning
posture without moving or lifting the feet was visually measured in
centimeters (cm), according to where the middle fingertip was po-

sitioned on the mounted yardstick. The distances were measured
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TABLE 1 Demographic date of subjects

List Average+SD

age 68.0+3.4years old (63 -75years
old)

gender 6 Males, 8 Females

Body Mass Index (BMI) 22.65+2.6 kg/m?

high 158.7+10.3 cm

Weight 57.2+9.4kg

medication Antihypertensive(6) - Analgesic(2)

- No medication(6)
11:37pm
5:51am
Yes(4) - No(10)
Yes(2) - No(12)
Yes(1)

Regular bedtime

Regular awakening hours
Difficulty getting to sleep
Arousal during sleep

Early morning awaking

Sleep quality Good(2) - Not bad (4) - No
response (8)
Well-being Good(5) - Fair(3) - not bad(1) - No

response (5)

for two attempts, and these were averaged to obtain the FR score.
Larger values were better results for FRT.

2.5.3 | Bodysway test

Body sway test (cm) reflects the standing balance using a stabilo-
metric platform [Zebris WinFDM system (platform), Zebris Medical
GmbH, Isny imAllgau, Germany; Foot Print for WindowsR (soft-
ware), Inter Reha, Tokyo, Japan]. Subjects stood on the platform
for 30 seconds (s) in bare feet and with their vision fixed at a point
2 m in front of them at eye level (eyes open) or with their eyes
closed.

The sum of the tracks of the center of gravity is the body sway
test; the extent of movement of the center of pressure directly re-
lates to the subject’s ability to maintain static balance. For the body
sway test, smaller values were better in terms of functionality of the

subject.

2.54 | Critical flicker fusion test (CFF)

This test is believed to assess the integrative capacity of the cen-
tral nervous system (CNS) under the influence of psychoactive
compounds. Subjects were required to discriminate flicker from
fusion, and vice versa, of four light-emitting diodes arranged in a
1 cm square on a black background. Individual thresholds were de-
termined by the psychophysical method of limits on two ascending
(flicker to fusion) and two descending (fusion to flicker) scales.%> The
mean of these two ascending and two descending presentations was
used as the threshold frequency in Hz. A decreased threshold was
indicative of impairment.

REPORTS

2.5.5 | Simple discrimination reaction (SDR) test

The SDR test is included in a performance test software program
(Human Response Checker, NoruPro Light Systems, Inc., Tokyo,
Japan) to measure the reaction time and hand-eye coordination
skills of the subjects.

Subjects were required to right click on a mouse when a blue
circle was lit, or left click when a white circle was lit, as quickly as
possible. The mean total reaction time (s) and the rate of correct an-
swer (%) of 60 trials were recorded. An increase (slowing) in reaction
time was indicative of impairment. The test has been shown to be
sensitive to psychoactive compounds. Smaller values were better,
in terms of functionality of the subject for SDR reaction time, while

larger values were better for SDR accuracy rate (%).

2.5.6 | Short-term memory (STM) test

The STM test has been shown to reflect the retention of short-term
memory. Prior to the study, the subjects underwent an extensive
training session to preclude learning effects.

This test is included in the performance test software program:
Human Response Checker (NoruPro Light Systems, Inc.). Subjects
were required to click the right mouse button when the same num-
ber that was displayed three times before the current one appeared
or click the left mouse button when a different number appeared.
The rate (%) of correct answers in 60 trials was recorded. A decrease

in correct answers was indicative of impairment.

2.6 | Subjective assessments
2.6.1 | Stanford sleepiness scale (SSS) and visual
analog scale (VAS)

The subjects' sleepiness was evaluated using the $55.3¢ Alertness,
well-being, and fatigue were evaluated with a VAS at 22:00 (Day 1)
and every 2 h from 4:00 to 16:00 (i.e., 4:00, 6:00, 8:00, 10:00, 12:00,
14:00, 16:00) (Day 2). The scale’s extremes were “very drowsy- very

»n o«

alert,” “very bad-very good,” and “very tired-very rested.” In terms
of functionality of the subject for the SSS, smaller values were bet-

ter, while larger values were better for the VAS.

2.7 | Safety

Physical examinations, vital sign measurements, laboratory tests
to ensure safety, and 12-lead electrocardiograms (ECGs) were per-
formed prestudy and poststudy. In addition, laboratory tests to
ensure safety were performed prior to dosing, and vital signs were
measured during each treatment period. Subjects were monitored
for adverse experiences throughout the study. For each adverse
event, the investigator indicated whether or not they thought the
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FIGURE 2 (A) Cumulative display of sleep architecture in all 14 subjects. The percentage of subjects in each sleep stage is shown. Wake
(W) is indiated in black; REM (R), red; stage 1 (N1), gray; stage 2 (N2), light blue; and stage 3 (N3), dark blue. We instructed the subjects to go
to bed at 23:00 after taking the medication. Then, the subjects were forced awake at 04:00 for various tests, allowed to go back to sleep at
04:30 and finally woken up at 6:00. (B) Percentage of sleep stages in both sleep periods. Suvorexant had longer REM sleep time during 1st

periods (23:00-4:00, p=0.001, indicated in red bar) than zolpidem

event was drug related. This determination was made while the in-
vestigator was blinded to the treatment.

2.8 | Statistical methods

For statistical analysis, a two-way ANOVA was used, with hypnotics
and time as factors. After checking for interaction, a multiple com-
parison was performed using Bonferroni for the main effects of the
medicines or times. Since SDR and sleep evaluations scores were not

normally distributed, non-parametric analysis (Freedman) and a post
hoc test (Steel-Dwass) were used for the statistical calculation. The
statistical significance level was P <0.05.

3 | RESULTS

Throughout this study, no subjects showed serious side effects from
physical observations and vital sign checks performed before and
after hypnotics were taken.
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Cumulative display of sleep architecture in all 14 subjects is pre-
sented (Figure 2). The percentage of subjects in each sleep stage is
shown. We instructed the subjects to go to bed at 23:00 after taking
the medications. Then, the subjects were forced awake at 04:00 for
various tests, allowed to go back to sleep at 04:30 and finally woken
up at 6:00.

During 23:00-4:00 period, the main effects of medicines were
seen for the REM latency (P = 0.049) with no significant differences
between each compound (Table 2; Figure 3A). For the REM sleep
time, the main effects of all the medicines (P = 0.001) were seen. The
REM sleep time with suvorexant were especially longer than that
with zolpidem (P = 0.001) (Table 2; Figure 2B; Figure 3B). In 23:00-
6:00 periods, the REM sleep time with suvorexant were especially
longer than that with zolpidem and placebo (P = 0.002, P = 0.017,
respectively, Figure 3B; Table S1).

For the stage3 NREM sleep, the main effects of medicines were
found (P = 0.006); however, the significant differences were not
found between each compound (Table 2; Figure 2B; Figure S1A).
The time in bed, total sleep time, sleep latency, and sleep efficiency
were not significantly different among all the conditions from 23:00
to 4:00 (Table 2).

During 4:30-6:00 period, the main effects of medicines were
seen for TST (P = 0.039), with no significant differences between
each compound (Table 3; Figure 2B). The main effects of medicines
were seen for SL (P = 0.011), SL of suvorexant was significantly
shorter than of ramelteon with post hoc test (P = 0.036, Table 3;
Figure 4). The main effects of medicines were seen for the N2 sleep
stage time (P = 0.035), with no significant differences between each
compound (Table 3; Figure 2B; Figure S1B).

As for the objective indexes, the main effect in time was ob-
served from all the hypnotics; especially at 4:00 and 6:00, the time
main effects were observed in TUG (P = 0.002), Body sway test Eyes
open (P=0.002),CFF (P = 0.0001), SDR-time (P = 0.01) and STM
(P = 0.02) examination without variance among the medications
(Table 4; Figure S3). For the body sway test (closed eyes), we found
the main effects of the medicine (P = 0.012) (Table 4; Figure 5),

TABLE 2 EEG results (23:00-4:00)

REPORTS

which showed body sway movements after zolpidem administration
were significantly less than after suvorexant and ramelteon admin-
istrations (P = 0.03, P= 0.04). The other parameters showed no sig-
nificant differences from the main effects of the medicine (Table 4;
Figures S2 and S3).

As for the subjective indexes, the main effect in time was ob-
served from all the hypnotics and placebo (P <0.01) (Tables S2 and
Figure S4). However, the subjective index measurements from the

hypnotics were below the significant level.

4 | DISCUSSION

In the present study, to enhance the assay sensitivity for residual
effects, forced awakening at 4:00 was targeted when the elderly
subjects tend to go to rest room. After waking up, all subjects main-
tained a wakeful state to complete the tests (4:00-4:30).

During first period, suvorexant had short REM latency and long
REM sleep time, as previously reported (P = 0.049, P = 0.001, re-
spectively, Table 2; Figure 3), which suggested that the mechanism
of action is vastly contributed by orexin antagonism.37 For the N3
NREM sleep during first sleep period, the main effects of medicines
were found (P = 0.006); however, significant differences were not
found between each compound, ramelteon had shortest N3 sleep
time (Table 2; Figure S1). Ramelteon is a melatonin receptor agonist
that acts on the melatonin receptors, and regulates sleep and circa-
dian rhythm; thus, continuous administration is reported to be more
effective. Therefore, a single administration as in this study would
have weak effect on sleep, especially stage3 NREM sleep.’® The time
in bed, TST, SL, and sleep efficiency were not significantly different
among all the conditions from 23:00 to 4:00 (Table 2).

During second period, the main effects of medicines were seen
for TST (P = 0.039, Table 3). The main effects of medicines were
seen for SL and N2 sleep time (P = 0.011, P = 0.035). SL of suv-
orexant was significantly shorter than that of ramelteon with post
hoc test (P = 0.036, Table 3; Figure 2B; Figure 4). However, there

Zolpidem Suvorexant Ramelteon Placebo
R-ANOVA /

Mean SEM Mean SEM Mean SEM Mean SEM freedman test, P Post-hoc test
TST (m) 269.8 6.8 274.6 4.9 273.2 4.2 270.3 5.5 ns
SL (m) 13.0 1.8 14.8 2.2 14.8 2.8 13.3 2.2 ns
REML (m) 114.3 14.2 73.6 6.1 86.6 14.2 100.2 11.4 0.049 ns
WASOT (time) 4.5 0.7 5.8 0.8 6.6 1.2 5.9 1.2 ns
WASO (m) 5.6 1.4 8.6 2.6 9.9 21 13.8 3.6 ns
SE (%) 89.2 2.2 90.0 1.4 89.7 1.3 88.4 1.8 ns
REM (m) 36.9 4.0 61.4 29 47.6 4.4 46.4 5.2 0.001 Z<S

(0.001)

N1 (m) 68.1 7.9 59.3 5.8 79.3 9.9 78.4 11.4 ns
N2 (m) 137.8 7.0 127.8 6.2 127.7 6.1 117.3 7.8 ns
N3 (m) 27.0 6.7 26.1 6.1 18.6 5.0 28.1 6.7 0.006 ns
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FIGURE 3 PSG results of REM sleep in 4 conditions, (A) for the REM Latency (23:00-4:00), the main effects of all the medicines

(P = 0.049) were seen. (B) The REM sleep time with suvorexant were especially longer than that with zolpidem (23:00-4:00, P = 0.001). The
main effects of all the medicines (P = 0.001) were seen (23:00-6:00). The REM sleep time (min) with suvorexant was longer than those with
zolpidem and placebo using post hoc test (P = 0.002, P = 0.017, respectively)

TABLE 3 EEG results (4:30-6:00)

Zolpidem Suvorexant Ramelteon Placebo
Freedman test /

Mean SEM Mean SEM Mean SEM Mean SEM R-ANOVA, P Post-hoc test
TST (m) 48.0 59 66.8 4.6 56.6 4.8 52.5 5.8 0.039 ns
SL (m) 19.2 3.9 10.3 1.6 24.8 4.2 21.2 3.6 0.011 S<R

(0.036)
REM (m) 5.0 2.0 11.5 3.0 5.0 2.1 5.1 2.0 ns ns
N1 (m) 25.8 4.0 24.8 1.6 28.0 2.8 26.8 8.3 ns ns
N2 (m) 171 4.2 30.5 2.5 23.5 34 20.3 3.6 0.035 ns
(Z<S; 0.065)

Notes: Mean time of each sleep stage in 14 subjects. The time of subjects in each sleep stage is shown. The subjects were forced awake at 04:00
and went back to sleep at around 04:30. During this 30 min period, the subjects took objective and subjective examinations.TST: The main effects of
medicines were seen for TST, with no significant differences between each compound (P = 0.039).

Stage 2 sleep: The main effects of medicines were seen for stage2 sleep time (P = 0.035). Suvorexant was marginally longer than zolpidem with post

hoc test (P = 0.065).

were no significant differences between each compound in N2
sleep time (Table 3).

Asignificant difference was observed in REM sleep time between
suvorexant and zolpidem. It could be speculated that zolpidem sup-
presses REM sleep while suvorexant increases REM sleep.1%%738
Orexin receptor antagonists establish a sleep-permissive state in
insomniac patients by specifically blocking the wake-promoting ef-
fects of orexin peptides.“"”’40 In contrast, GABAergic agonists such
as zolpidem increase neuronal inhibitory tone, promoting sleep but
also impacting neurophysiological activity in a widespread, non-
specific manner throughout the central nervous system.*' Among
the GABAergic agonists currently prescribed, zolpidem was selected

as a positive control because this compound is one of the most pre-
scribed hypnotics in Japan.*?%3

When the subjects were allowed to go back to sleep at 4:30, su-
vorexant had shorter SL than ramelteon, since the half-life of suv-
orexant (12 h) was longer than that of ramelteon (1-2 h; Figure 2A).43
Although it is not clear whether short SL has a positive correlation
with longer N2 sleep, it could be speculated that since the subjects
fell asleep in short duration, it was possible for a longer N2 sleep
time under the influence of suvorexant (Figure 2).

In the objective measurements, body sway movements with
their eyes closed after zolpidem administration were significantly
less than after suvorexant and ramelteon administrations (Table 4;
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FIGURE 4 Comparisons of sleep latencies (SL) between the first
and the second sleep periods The main effects of medicines were
not seen for the first SL. The main effects of medicines were seen for
2nd SL (P = 0.011), and the 2nd SL of suvorexant was significantly
shorter than that of ramelteon with post hoc test (P = 0.036).
[Correction added on 12 August 2022, after first online publication:
The last sentence for Figure 4 legend has been amended and was
originally ‘The main effects of medicines were seen for 2nd SL
(0.011), suvorexant was significantly longer than ramelteon with post
hoc test (P = 0.036)"]

Figure 5). Other parameters of subjective and objective measure-
ments were not significantly different (Table S2; Figures S4).

It has been pointed out that there is a relationship between hyp-
notics and motor and cognitive dysfunctions of the elderly.“’8 The
present study examined the safety of low dose of hypnotics from
early morning to afternoon on the next day when the side effects
tend to occur. Not only the previous studies reported that low doses
were effective in improving total sleep time and sleep latencies, but
also they are currently recommended dosage by physit:ians.‘m'48 It
was assumed that the physical- and cognitive-function tasks were
performed under the influence of the hypnotic agents; especially at
4:00 and 6:00, when main effects were observed in TUG (P = 0.002),
Body sway test; eyes open (P=0.002), CFF (P = 0.0001), SDR-time
(P =0.01) and STM (P = 0.02) examinations without variance among
the medications (Table 4; Figure 5). There were no serious adverse
events. Therefore, it is considered that these three drugs are not
problematic for the elderly to take a single dose administration.

Previous reports of hypnotics and falls have reported that su-
vorexant and ramelteon are safer than GABAa hypnotics, but they
are also reported to be more dangerous, and thus, are inconsis-
tent.'**%°% From the clinical data of the real world, the inconsisten-

|50

cies were reported by Ishigo et al.”” that suvorexant and ramelteon

were better than GABAa hypnotics for prevention of falls from their

case-crossover study. Both case-control and case-crossover studies

|14

by Torii et al.** addressed those patients performed better under

the influence of suvorexant than of ramelteon or GABAa hypnotics;

1.4 reported that ramelteon should be more

whereas Ishibashi et a
recommended than suvorexant or GABAa hypnotics through a case-

crossover study.

TABLE 4 Objective assessments

Ramelteon Placebo

Suvorexant

Zolpidem

Time Post
hoc test

Drug Post
hoc test

Drug Main
effect, P

Time Main effect

Mean SEM Mean SEM Mean SEM

SEM

Mean

4>6

0.002

4.7 0.2 4.6 0.2 4.6 0.2 ns

0.2

4.7

(sec)

TUG

REPORTS

*

4>10
4>14"

ns

ns

1.4
3.3

42.3 14 41.4
3.3

1.3
3.0

419
6.5

1.2
2.4

42.1
4.6

(cm)

FRT

4>6

0.002

ns

45.8 46.6 45.6

42.5

(cm)

Body sway test Eyes open

ns

Z<S

0.012 )

7.5 64.1 5.8

67.3 70.7

60.0

(cm)

Body sway test Eyes closed

Z<R

.

22>6

0.000

ns

32.7 0.6 32.7 0.7 32.2 0.5 32.6 0.6

(Hz)

CFF

w

22>10

22>14

ns

92.6 21 92.7 1.9 92.7 2.5 91.8 2.5 ns

(%)

(s)

SDR

ns

0.01
0.02

ns

0.01
3.8

0.49
74.1

0.01
3.9

0.50
73.5

0.01

3.7

0.50
76.1

0.01

3.4

0.50
72.2

ns

ns

(%)

ST™M

Note: R-2way ANOVA & Bonferroni.

*P <0.05
**P <0.01




UEMURA ET AL.

REPORTS

296 Wl L EY_ NEUROPSYCHOPHARMACOLOGY

22:00 04:00 06:00 10:00 14:00
50
55
60 //
*
—
65 / ===70lpidem
*
/ \\// ===Suvorexan t
£
G 70 // Ramelteon
/ «===Placebo

Y

80

85

R-ANOVA & Bonferroni Drug main effect * p<0.05

90

FIGURE 5 Objective assessment: Body sway test (eyes closed)
For the body sway test (closed eyes), we found the main effects
of the medicine (P = 0.012), which showed body sway movements
after zolpidem administration were significantly less than after
suvorexant and ramelteon administrations

There were no significant drug differences in the dynamic bal-
ance parameters, FRT, and TUG, which are the optimal indices of
falls.3%* On the contrary, zolpidem had significantly less movement
than ramelteon and suvorexant in body sway test with closed eyes,
which is often used in the side effect evaluation of medicines. Since
there was no difference between the three drugs in the dynamic bal-
ance, it is unclear why there was a significant difference only in the
eyes closed static balance. Similar results were seen in the previous
study of Sol et al.%” Suvorexant exerts a therapeutic effect in insom-
nia through antagonism at the orexin receptors. Unlike benzodiaze-
pines and non-benzodiazepines, suvorexant and ramelteon do not
affect the GABA system, so they have little muscle relaxant effect
and respiratory depression are considered to be relatively safe for
elderly people.®™>3

Although it has been reported that suvorexant carried over at
15mg>*>° there was no carry-over for the 10 mg that we used in this
study.>® Considering the subjective indexes, the main effect of time
was observed in all hypnotics, but the main effects of the hypnotics
and placebo were not significantly different.

As mentioned above, the subjects were administered with a low
single dosage of each medication in between a week of washout pe-
riod. Even though we administered only once with low dosage, we
cannot rule out the possibility that there could be interaction of ki-
netics of different active agents affecting our test results.

Based on the above results, the changes of physical and cogni-
tive functions in healthy elderly after taking hypnotics in this single
low dosage administration were not remarkable during the night

after the administrations and its following day.

4.1 | Limitations

The next-day residual effects of the commercially available hypnot-

ics in Japan, following a bedtime single dosing in healthy elderly

subjects, were evaluated. Since we conducted this study with a low,
single dosage, we need to take into account of the lack of dose re-
sponse. The influences of continuous hypnotic use also need to be
considered. Since elderly patients are quite often administered with
long-term hypnotics; of some are prescribed with multiple medica-
tions, further studies should be investigated. We performed the
tests on highly selective and few relatively young elderly subjects
without any insomnia; thus, there should be further investigations
comparing low doses of zolpidem, suvorexant, and ramelteon on
older elderly subjects with insomnia. The setting we used was not
home based, but in a hotel, which should also be considered as a
caveat.

5 | CONCLUSION

From these results, no adverse side effects were observed with a
single dose of the zolpidem, suvorexant, and ramelteon in the el-
derly. Suvorexant had significantly longer REM sleep than zolpidem.
Zolpidem had significantly less movement than ramelteon and suvo-
rexant in body sway test with eyes closed. Ramelteon did not show
clear differences from other compounds. Therefore, these three
hypnotics of single low dosage administration would not be a risk
for the elderly people with insomnia. Physicians should be advised
to recommend the patients with proper guidelines which introduce
merits and demerits of each medication not only for sleep but also

for activity during the following day.
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