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StudyObjectives:Changes to sleep architecture that occur as a result of the normal aging processmay also exacerbate insomnia in older individuals. Therefore,
this study assessed the impact of lemborexant compared with placebo and zolpidem tartrate extended release on objective sleep architecture parameters, as
measured by polysomnography, in older adults (ages ≥ 55 years) with insomnia disorder from a phase 3 study.
Methods: Study E2006-G000-304 (SUNRISE 1; NCT02783729) was a global, multicenter, randomized, double-blind, placebo-controlled, active comparator
(zolpidem)–controlled, parallel-group study comparing 2 dose levels of lemborexant (5 mg and 10 mg). Sleep architecture was measured using polysomnography.
Assessments were collected at baseline during a single-blind placebo run-in and during the first 2 nights and last 2 nights of treatment. Mean values for each sleep
stage were based on the 2 consecutive polysomnograms.
Results: Treatment with lemborexant resulted in significantly greater increases from baseline in total sleep time compared with both placebo and zolpidem.
Significant increases frombaseline in rapid eyemovement sleep and significant decreases frombaseline in latency to rapid eyemovement sleepwere also observed
with lemborexant compared with placebo and zolpidem.
Conclusions: These findings suggest that treatment with lemborexant may address some of the alterations in sleep architecture normally observed in older
individuals with insomnia.
Clinical Trial Registration: Registry: ClinicalTrials.gov; Name: Study of the Efficacy and Safety of Lemborexant in Subjects 55 Years and Older With Insomnia
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BRIEF SUMMARY
Current Knowledge/Study Rationale: The purpose of this study was to provide information to improve on the current treatment paradigm for older patients
(ages ≥ 55 years) with insomnia. A comparison of lemborexant with placebo and with zolpidem tartrate extended release provides clinically meaningful
information for clinicians treating insomnia.
Study Impact: The results indicate that lemborexant may address some of the changes in sleep architecture that are observed in older individuals with
insomnia, with improvement that was sustained over 1 month. These findings provide information on the efficacy of a recently approved treatment option for
insomnia in older adults.

INTRODUCTION

Insomnia disorder is characterized by difficulties with sleep
onset, sleep maintenance, or early morning awakening sustained
over 3 months and is associated with complaints of impaired
daytime functioning.1 In patients with insomnia disorder, sleep
architecture is often observed to be altered in polysomnographic
recordings, including significant reductions of slow wave sleep
(stage N3 sleep) and rapid eye movement sleep (stage R sleep)
relative to individuals without sleep disturbances.2 Notably, a
reduction in stageN3 and stage R sleepmay impairmemory and
attention.3–7 Similar changes to sleep architecture (ie, reductions
in stage N3 and stage R sleep and associated increases in
nonrapid eye movement [NREM] sleep stages N1 and N2) may
occur naturally as a result of the aging process.8 Thus, older
adults may be more prone to insomnia.

Cognitive-behavioral therapy is the first recommendation
for the treatment of insomnia and has improved sleep in older
adults diagnosed with insomnia.9,10 However, when cognitive-
behavioral therapy is not effective or is not accessible to the
patient, pharmacotherapy may be needed.11,12 Decisions re-
garding pharmacotherapy should consider a patient’s comor-
bidities because insomnia has a complex relationship with many
other conditions, including an increased risk of type 2 diabetes,13

cardiovascular disease,14 and neurodegenerative disease.15

Commonly prescribed pharmacotherapies for insomnia in-
clude benzodiazepines and other nonbenzodiazepine sedative-
hypnotics. However, these drugs can have negative effects on
sleep architecture. For example, benzodiazepines are known to
decrease the time spent in both stageN3 and stage R sleep.16 In a
clinical study that included a benzodiazepine and a non-
benzodiazepine γ-aminobutyric acid-ergic agonist, both drugs
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significantly reduced stage N3 sleep compared with placebo.17

Given that the sleep architecture of patients with insomnia and
of older patients often already shows decreased time in stageN3
and stage R sleep,2 these issues indicate significant unmet needs
in the treatment of insomnia for older patients.

Dual orexin receptor antagonists (DORAs) are a potential
alternative to currently prescribed insomnia treatments.Orexins
are neuropeptides with a significant role in sleep-wake transitions
and gating wakefulness. DORAs block orexin receptors 1
and 2, resulting in decreased orexin activity.18 The DORA
suvorexant has been reported to improve sleep efficiency and
total sleep time (TST).19 In a study examining sleep architecture
over 3 months of treatment, participants receiving suvorexant
showed an increase in the time spent in all sleep stages (ie,
improved sleep efficiency), including an increase in the per-
centage of stage R sleep, compared with participants receiving
placebo.20 However, these differences from placebo were the
most apparent on the first night of treatment, and the differences
of suvorexant treatment vs placebo diminished compared with
the first night over the 3 months of the study.

Lemborexant is a new DORA that has recently received
approval by the U.S. Food & Drug Administration and the
Pharmaceuticals and Medical Devices Agency in Japan and
the Health Products and Food Branch of Health Canada for
the treatment of insomnia. Two pivotal phase 3 studies, Study
E2006-G000-304 (Study 304; SUNRISE 1; NCT02783729) and
StudyE2006-G000-303 (Study303; SUNRISE2;NCT02952820),
examined the efficacy and safetyof lemborexant in participantswith
insomnia. In both studies, lemborexant showed improvement in
self-reported (sleep diary–based) sleep parameters vs placebo.
Study 303, a randomized, double-blind, placebo-controlled (first
6 months [period 1]), global phase 3 study showed greater im-
provements in self-reported sleep onset and sleep maintenance
endpoints with lemborexant compared with placebo over
6months.21 Study 304, a randomized, double-blind clinical trial
of 1,006 participants ages ≥ 55 years with insomnia disorder,
showed that lemborexant therapy significantly improved both
latency to persistent sleep (time from lights off to the first 20
consecutive epochs [ie, 10 minutes] of nonwakefulness) and
sleep maintenance (wake after sleep onset and sleep efficiency)
compared with both placebo and zolpidem tartrate extended
release therapy, as measured objectively by polysomnography
(PSG), over 1 month.22

Here, we present the effects of lemborexant (5 mg, 10 mg)
compared with both zolpidem (zolpidem tartrate extended re-
lease 6.25 mg) and placebo on sleep architecture, as measured
by nocturnal PSG, in participants ages ≥ 55 years with insomnia
disorder. This prespecified exploratory objective of Study 304
was to determine whether lemborexant impacts the stages of
sleep, as seen with other DORAs (eg, increased stage R sleep
and decreased latency to stage R sleep).20

METHODS

Participants
Full details of the methods of Study 304 have been published.22

Study 304 enrolled men ages ≥ 65 years and women ages ≥ 55

years (to capture the increase in insomnia incidence in women
in the menopausal age range)23 who met the Diagnostic and
Statistical Manual of Mental Disorders, fifth edition (DSM-5)
criteria for insomnia disorder, specifically including sleep
maintenance difficulties.1 Participants were required to have a
self-reported wake after sleep onset ≥ 60 minutes at least 3
nights per week for 3 months or longer, regular time spent in
bed (7–9 hours per day), and an Insomnia Severity Index
score ≥ 13. Participants also could have difficulties with sleep
onset based on the DSM-5 criteria for insomnia disorder.

Exclusion criteria included a current diagnosis of sleep-
disordered breathing, periodic limb movement disorder, restless
legs syndrome, circadian rhythm sleep disorder, narcolepsy, or
exclusionary score on screening instruments to rule out indi-
viduals with sleep disorders other than insomnia. The screening
instruments consisted of those included in the Sleep Disorders
Screening Battery: the Epworth Sleepiness Scale (to exclude
individualswith a sleep disorder other than insomnia; a score >15
was exclusionary), the StopBANG sleep apnea questionnaire
(to exclude individuals with sleep apnea; a score ≥ 5 was ex-
clusionary), the International Restless Legs Scale (to exclude
individuals with restless legs syndrome; a score ≥ 16 was ex-
clusionary), and a history regarding parasomnias (endorsing a
history of parasomnia was exclusionary). Women of child-
bearing potential and individuals with comorbid medical or
psychiatric conditions that would interfere with study assess-
ments or contraindicate administering a sedating drugwere also
excluded. Prohibited treatments included other treatments for
insomnia disorder (drugs or nonpharmacological treatment
such as cognitive-behavioral therapy) and any medication that
in the opinion of the investigator would cause or exacerbate the
participant’s insomnia: A participant had to have discontinued
any prohibitedmedication at least 1week (or at least 5 half-lives,
whichever was longer) before starting the sleep diary.

Study design
This was a global, multicenter, randomized, double-blind,
parallel-group study comparing 2 dose levels of lemborexant
(5 mg, 10 mg) with placebo and zolpidem.

Participants took part in 2 screening visits and a sleep dis-
orders screening PSG (using bilateral frontal, central, and
occipital referential electrode derivations) at the clinical site,
after which the investigator or designee confirmed that the
participant met the DSM-5 diagnostic criteria for insomnia
disorder. During the screening period, a medical, psychiatric,
and sleep history interview was conducted and the Sleep
Disorders ScreeningBatterywas completed. During the screening
and run-in periods, sleep was also assessed using a sleep diary.
Additional confirmation of study eligibility was obtained by 2
consecutive nights of baseline PSG after the run-in period.
Participants were excluded if they had an apnea-hypopnea
index > 15 events/h or periodic limb movements with arousal
index > 15 measured by PSG at the second screening visit.
Eligible participants were then dispensed placebo and com-
pleted an approximately 2-week placebo run-in period and
2 consecutive nights of baseline PSG. After a minimum of
2 nights after the baseline PSGs, the run-in period ended and
the baseline period began. Those who continued to meet the
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eligibility criteria entered the treatment period and were ran-
domized (5:5:5:4 ratio) to receive lemborexant 5mg, lemborexant
10 mg, zolpidem, or placebo. Paired PSG was conducted on the
first 2 nights (nights 1/2) and the last 2 nights (nights 29/30) of
the treatment period.

Assessments
Paired PSGs at baseline, nights 1/2 of the treatment period,
and nights 29/30 of the treatment period were used to assess
change from baseline in minutes for TST (minutes of sleep
from sleep onset until terminal awakening), duration of
NREMsleep (stagesN1,N2,N3) and stageR sleep stages, and
stage R sleep latency. Recordings were analyzed in 30-second
epochs in accordance with the American Academy of Sleep
Medicine manual (The AASM Manual for the Scoring of Sleep
and Associated Events: Rules, Terminology and Technical
Specifications,Version 2.2)24 by trained PSG scorers blinded to
treatment condition. For the scoring of events, an apnea was
scored when there was a drop in the peak signal excursion
of ≥ 90% of pre-event baseline using an oronasal thermo-
sensor or acceptable alternative and the duration of the drop
was ≥ 10 seconds. A hypopnea was scored when there was
a drop in the peak signal excursion of ≥ 30% of pre-event
baseline using nasal pressure or an acceptable alternative and
the duration of the drop was ≥ 10 seconds along with a ≥ 3%
drop in oxygen saturation or an association with an arousal. All
PSG parameters were obtained separately for each PSG recording
and averaged across the pairs of consecutive PSG nights.

Statistical analyses
Sleep architecture parameters were exploratory endpoints in
Study 304. Statistical analyses were conducted on the full
analysis set, which was defined as all randomized partici-
pants who received ≥ 1 dose of the study drug and had ≥ 1
postdose primary efficacymeasurement. Changes frombaseline
in TST and sleep stage duration were analyzed using a mixed-
effect model repeated-measurement analysis with the fac-
tors of age group, region (North America, Europe), treatment,
visit (nights 1/2, nights 29/30), and treatment-by-visit interaction
as fixed effects and baseline sleep stage duration or TST as a
covariate. Missing values were not imputed and were assumed to
be missing at random. P values were based on the mixed-effect
model repeated-measurement analysis evaluating the least-squares
mean (LSM) treatment difference. Analyses of stage R sleep
latency were based on the Wilcoxon rank sum test.

RESULTS

A total of 1,006 participants comprised the full analysis set of
Study 304. The majority of participants in all treatment groups
completed the study (96.7%, 97.0%, 93.5%, and 95.2% of par-
ticipants in the lemborexant 10 mg, lemborexant 5 mg, zolpidem,
and placebo treatment groups, respectively). Full details of
the demographic and baseline characteristics of the study pop-
ulation have been published.22 The median age was 63 years
(range, 55–88 years) and the majority of participants were
female (869 [86.4%]) and White (727 [72.3%]).

Sleep duration
At baseline, all participants had similar TST (Table 1 and
Table S1 in the supplemental material, which presents the change
from baseline for percentage of sleep stages per TST). The LSM
(standard error [SE]) change from baseline for TST was sig-
nificantly greater on nights 1/2 for lemborexant 5mg (67.6 [2.4]
minutes) and lemborexant 10mg (80.5 [2.4]minutes) compared
with placebo (23.6 [2.7] minutes; P < .0001 for all). Signifi-
cantly greater increases in the LSM (SE) change from baseline
were also observed on nights 29/30 for lemborexant 5 mg (64.3
[2.6] minutes) and lemborexant 10 mg (69.0 [2.6] minutes)
compared with placebo (30.2 [3.0] minutes; P < .0001 for all).

On nights 1/2, the LSM (SE) treatment difference in TSTwas
also significantly greater for lemborexant 5 mg (10.3 [3.1]
minutes) and lemborexant 10mg (23.1 [3.1]minutes) compared
with zolpidem (P < .001 and P < .0001, respectively). On nights
29/30, the LSM (SE) treatment difference was significantly
greater for lemborexant 5 mg (19.4 [3.5] minutes) and lem-
borexant 10 mg (24.1 [3.5] minutes) compared with zolpidem
(P < .0001 for both). At both of these time points, the treatment
differences for zolpidem were significantly larger vs placebo
(nights 1/2: 33.8 [3.3] minutes, P < .0001; nights 29/30: 14.8
[3.7] minutes, P < .0001; Figure 1).

NREM sleep
Baseline values for minutes of stage N1 sleep were similar
across the treatment groups (Table 1). Neither of the
lemborexant-treated groups showed a significantly different
change from baseline in stage N1 sleep on nights 1/2 compared
with placebo.Onnights 1/2, theLSM (SE) change frombaseline
for minutes of stage N1 sleep was not significantly different for
lemborexant 5 mg (3.7 [0.8] minutes) and lemborexant 10 mg
(3.5 [0.8] minutes) compared with placebo (1.8 [1.0] minutes;
P = .1 for both). On nights 29/30, a significantly greater increase
in minutes of stage N1 sleep was seen in both lemborexant
treatment groups compared with placebo. The LSM (SE) for
minutes of stage N1 sleep was significantly increased for
lemborexant 5 mg (6.0 [0.8] minutes) and lemborexant 10 mg
(6.6 [0.8] minutes) compared with placebo (0.7 [1.0] minutes;
P < .0001 for both).

Both lemborexant treatment groups showed a significantly
greater increase in minutes of stage N1 sleep compared with
zolpidem at both time points. The LSM (SE) treatment dif-
ference on nights 1/2 for minutes of stage N1 sleep was sig-
nificantly greater for lemborexant 5 mg (3.7 [1.1] minutes) and
lemborexant 10mg (3.5 [1.1]minutes) comparedwith zolpidem
(P < .001 and P < .01, respectively). The LSM treatment dif-
ference on nights 29/30 was significantly greater for lembor-
exant 5mg (5.5 [1.1]minutes) and lemborexant 10mg (6.2 [1.1]
minutes) compared with zolpidem (P < .0001 for both). The
LSM (SE) change from baseline for minutes of stage N1 sleep
was not significantly different for zolpidem compared with
placebo on nights 1/2 (−0.01 [0.8] minutes; P = .1) or nights 29/
30 (0.5 [0.9] minutes; P = .9; Figure 2A).

Baseline values for minutes of stage N2 sleep were similar
across treatment groups (Table 1). Both lemborexant treat-
ment groups showed increases in stage N2 sleep compared
with placebo. A significant difference in LSM (SE) change
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from baseline in minutes of stage N2 sleep was observed on
nights 1/2 for lemborexant 5 mg (38.5 [2.2] minutes) and
lemborexant 10 mg (43.1 [2.2] minutes) compared with
placebo (14.1 [2.5] minutes; P < .0001 for both). A significant
difference in LSM (SE) change from baseline for minutes of stage
N2 sleep was also observed on nights 29/30 for lemborexant
5 mg (40.8 [2.3] minutes) and lemborexant 10 mg (40.9 [2.3]
minutes) compared with placebo (22.4 [2.6] minutes; P < .0001
for both).

The LSM (SE) treatment difference on nights 1/2 was also
significant for lemborexant 5 mg compared with zolpidem
(−6.2 [2.9] minutes; P < .05). No other significant differences
for lemborexant 5 mg or lemborexant 10 mg compared with
zolpidem were noted.

A significant difference in LSM (SE) change from baseline for
minutes of stage N2 sleep was observed for zolpidem compared
with placebo on nights 1/2 (44.7 [2.3] minutes; P < .0001) and

nights 29/30 (41.2 [2.3] minutes) compared with placebo (22.4
[2.6] minutes; P < .0001; Figure 2B).

Baseline values for minutes of stage N3 sleep were similar
across treatment groups (Table 1). A significant difference in
LSM (SE) change from baseline inminutes of stage N3 sleep on
nights 1/2 was observed for lemborexant 5 mg (5.9 [1.3]
minutes) compared with placebo (2.4 [1.4] minutes; P < .05).
On nights 29/30, no significant difference was observed for
lemborexant 5 mg or lemborexant 10 mg compared with placebo.

The LSM (SE) treatment difference on nights 1/2 was not
significant for lemborexant5mgvszolpidemandwas significantly
less for lemborexant 10 mg vs zolpidem (−3.5 [1.6] minutes;
P < .05). The LSM (SE) treatment difference for minutes of
stage N3 sleep on nights 29/30 was significantly different for
lemborexant 5mg vs zolpidem (3.8 [1.7]minutes;P < .05), with
more minutes of stage N3 sleep with lemborexant 5 mg.

A significant increase from baseline in LSM (SE) for minutes
of stage N3 sleep was observed on nights 1/2 for zolpidem
(7.7 [1.3] minutes) compared with placebo (2.4 [1.4] minutes;
P < .01). On nights 29/30, the LSM (SE) change from base-
linewas significant for zolpidem (−0.9 [1.3] minutes) compared
with placebo (2.7 [1.4] minutes; P < .05), showing a decrease in
minutes of stage N3 sleep with zolpidem (Figure 2C).

Baseline values of minutes of total NREM sleep were similar
across the treatment groups (Table 1). Both lemborexant
treatment groups showed significant increases in total NREM
sleep compared with placebo. The LSM (SE) change from
baseline for minutes of all NREM sleep combined on nights 1/2
was greater and statistically significant for lemborexant 5 mg
(48.2 [2.1] minutes) and lemborexant 10 mg (49.8 [2.1] minutes)
compared with placebo (17.4 [2.4] minutes) on nights 1/2
(P < .0001 for both).

The LSM (SE) treatment differences on nights 1/2 for
lemborexant 5 mg and lemborexant 10 mg compared with
zolpidem were not significant. The LSM (SE) treatment dif-
ference for minutes of all NREM sleep combined were sig-
nificantly greater for lemborexant 5mg (10.7 [3.0] minutes) and
lemborexant 10mg (8.9 [2.9]minutes) comparedwith zolpidem
on nights 29/30 (P < .001 and P < .01, respectively).

On nights 1/2, the LSM (SE) change from baseline was
significantly greater for zolpidem (50.7 [2.1] minutes) vs

Table 1—Baseline sleep stage duration and PSG variables.

Parameters PBO (n = 208) ZOL (n = 263) LEM5 (n = 266) LEM10 (n = 269)

Total sleep time per time in beda 330.7 (46.3) 327.0 (54.9) 328.0 (54.2) 325.1 (52.8)

Total wake time per time in beda 149.3 (46.3) 152.9 (54.8) 151.8 (53.9) 154.13 (52.0)

Total NREM sleep 265.5 (39.6) 261.8 (44.9) 264.6 (44.6) 263.5 (44.2)

Stage N1 sleep 35.7 (18.9) 34.5 (17.8) 34.6 (19.0) 38.8 (19.1)

Stage N2 sleep 189.5 (40.9) 187.4 (41.0) 185.4 (40.4) 187.3 (41.3)

Stage N3 sleep 40.3 (26.8) 39.9 (27.8) 44.5 (30.9) 37.4 (26.8)

Stage R sleep 65.2 (19.5) 65.2 (22.9) 63.4 (21.3) 61.6 (20.3)

Stage R sleep latency 99.9 (51.7) 98.4 (52.4) 101.4 (54.0) 100.2 (53.9)

Values are presented as mean (SD) in minutes. a8 hours. LEM5 = lemborexant 5 mg, LEM10 = lemborexant 10 mg, NREM = nonrapid eye movement sleep,
PBO = placebo, PSG = polysomnography, SD = standard deviation, ZOL = zolpidem tartrate extended release 6.25 mg.

Figure 1—Change from baseline in TST.

aPBO, n = 208; ZOL, n = 262; LEM5, n = 266; LEM10, n = 269. bPBO,
n = 200; ZOL, n = 250; LEM5, n = 260; LEM10, n = 260. *P <.0001 vs PBO;
†P <.01 vs ZOL; ‡P <.0001 vs ZOL. BL = baseline, LEM5 = lemborexant
5 mg, LEM10 = lemborexant 10 mg, LSM = least-squares mean, PBO =
placebo, SE = standard error, TST = total sleep time, ZOL = zolpidem
tartrate extended release 6.25 mg.
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placebo (17.4 [2.4] minutes; P < .0001). On nights 29/30, the
LSM (SE) change from baseline was significantly greater for
zolpidem (39.0 [2.3] minutes) compared with placebo (24.8
[2.5] minutes; P < .0001; Figure 2D).

Stage R sleep
Baseline values of minutes of stage R sleep were similar across
treatment groups (Table 1). Increased stageR sleepwas noted at
both time points with both lemborexant doses. The LSM (SE)
change from baseline in minutes of stage R sleep on nights 1/2
was greater and statistically significant for lemborexant 5 mg
(19.7 [1.3] minutes) and lemborexant 10 mg (31.3 [1.3] minutes)
comparedwithplacebo (6.1 [1.5]minutes;P< .0001 for both).On
nights 29/30, the LSM (SE) change from baseline was greater
and statistically significant for lemborexant 5 mg (14.9 [1.4]
minutes) and lemborexant 10mg (21.7 [1.4]minutes) compared
with placebo (5.3 [1.5] minutes; P < .0001).

The LSM (SE) treatment difference on nights 1/2 was
significantly greater for lemborexant 5 mg (12.9 [1.7] minutes)

and lemborexant 10 mg (24.5 [1.7] minutes) compared with
zolpidem (P < .0001 for both). The LSM (SE) treatment dif-
ference on nights 29/30 was also significant for lemborexant
5 mg (8.9 [1.8] minutes) and lemborexant 10 mg (15.7 [1.8]
minutes) comparedwith zolpidem (P < .0001 for both). On both
nights 1/2 and nights 29/30, there was no significant treatment
difference in stage R sleep noted for zolpidem compared with
placebo (Figure 3A).

Latency to stageRsleepwasobserved tobe shorter at both time
points with lemborexant treatment. The mean (standard devia-
tion) latency to stage R sleep on nights 1/2 was significantly
shortened compared with baseline for lemborexant 5 mg (−42.6
[53.9] minutes) and lemborexant 10 mg (−49.6 [52.9] minutes)
compared with placebo (−6.9 [54.5] minutes; P < .0001 for
both). On nights 29/30, themean (standard deviation) latency to
stage R sleep was also significantly shortened compared with
baseline for lemborexant 5 mg (−30.7 [55.7] minutes) and
lemborexant 10 mg (−37.7 [56.2] minutes) compared with
placebo (−7.7 [62.3] minutes; P < .0001 for both).

Figure 2—Change from baseline in all sleep stages.

aPBO, n = 208; ZOL, n = 262; LEM5, n = 266; LEM10, n = 269. bPBO, n = 200; ZOL, n = 250; LEM5, n = 260; LEM10, n = 260. (A) *P <.0001 vs PBO; †P <.001,
‡P <.01, | |P <.0001 vs ZOL. (B) *P <.0001 vs PBO; §P <.05 vs ZOL. (C) ‡P <.01, §P <.05 vs PBO; #P <.05 vs ZOL. (D) *P <.0001 vs PBO; †P <.001, ‡P <.01 vs
ZOL. P values were based on the mixed-effect model repeated-measurement analysis evaluating the LSM treatment difference for LEM vs PBO, LEM vs
ZOL, and ZOL vs PBO. The model included factors of age group, region, treatment, visit (nights 1/2 and nights 29/30), and treatment-by-visit interaction as
fixed effects and baseline sleep stage duration as a covariate. BL = baseline, LEM5 = lemborexant 5 mg, LEM10 = lemborexant 10 mg, LSM = least-squares
mean, NREM = nonrapid eye movement sleep, PBO = placebo, SE = standard error, ZOL = zolpidem tartrate extended release 6.25 mg.
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Stage R sleep latency was significantly shortened for
lemborexant 5 mg (−37.8 minutes) and lemborexant 10 mg
(−44.8 minutes) compared with zolpidem (P < .0001 for both)
on nights 1/2. In addition, stage R sleep latency on nights 29/30
was significantly shortened for lemborexant 5mg(−26.8minutes)
and lemborexant 10 mg (−32.3 minutes) compared with zolpidem
(P < .0001 for both). Treatment with zolpidem, in contrast, did
not have a significant impact on stage R sleep latency on either
nights 1/2 or nights 29/30 (Figure 3B).

DISCUSSION

In Study 304, lemborexant 5 mg and lemborexant 10 mg
treatments resulted in significantly greater increases from
baseline in minutes of TST, total NREM sleep, and stage R sleep
and greater decreases in stage R sleep latency compared with
placebo on both nights 1/2 and nights 29/30 of treatment. Our
findings suggest that lemborexant, similar to other DORAs,
impacts stages of sleep.

As expected, based on the mechanism of action (orexin
receptor antagonism), lemborexant did increase the minutes of
stage R sleep obtained and decreased stage R sleep latency, but
not to values that would be considered outside the normal
range for individuals in the study’s age range. Some of this
increase may have resulted from more continuous sleep
with treatment, allowing a putative stage R sleep deficit to be
corrected, similar to the stage R rebound experienced by
patients with previously untreated obstructive sleep apnea

when continuous positive airway pressure treatment is
initiated.25 This observation lends further support to previously
presented data on lemborexant, from this study and other
studies, that showed improved sleep efficiency and data
showing that neither stage R nor N3 sleep were suppressed
by lemborexant.26

Because lemborexant is a DORA that blocks orexin re-
ceptor 2 to a greater extent than orexin receptor 1, the results
of this study (increased stage R sleep, reduced latency to
stage R sleep, and increased NREM sleep) are not unexpected.
These results are consistent with previous research on other
DORAs, which found an increase in the percentage of stage
R sleep and a reduction in latency to stage R sleep.27 Further,
studies have found that the activation of orexin receptor 2,
with lesser contribution from orexin receptor 1, suppresses
NREM sleep, and both orexin receptor 1 and orexin receptor 2
are involved in the suppression of stage R sleep to a similar
degree.27 In contrast, zolpidem, a γ-aminobutyric acid-A re-
ceptor modulator, exhibits more widespread inhibition within
the sleep-wake system compared with DORAs,28 and this in-
hibition may be responsible for the modest, though larger,
increases in stage N3 sleep found in this study. In addition,
because studies have indicated a relationship between stage R
sleep and age-related memory impairment, the increased stage
R sleep with lemborexant treatment may contribute to pro-
viding protection of sleep-dependent memory consolidation in
older individuals with insomnia.7,29

There are several limitations to consider regarding the in-
terpretation and general applicability of the results. It is

Figure 3—Stage R sleep and stage R sleep latency.

aPBO, n = 208; ZOL, n = 262; LEM5, n = 266; LEM10, n = 269. bPBO, n = 200; ZOL, n = 250; LEM5, n = 260; LEM10, n = 260. (A) *P <.0001 vs PBO; †P <.0001 vs
ZOL. P values were based on the mixed-effect model repeated-measurement analysis evaluating the LSM treatment difference for LEM vs PBO, LEM vs
ZOL, and ZOL vs PBO. The model included factors of age group, region, treatment, visit (nights 1/2 and nights 29/30), and treatment-by-visit interaction
as fixed effects and baseline total stage R sleep duration as a covariate. (B) *P < .0001 vs PBO; †P < .0001 vs ZOL. Stage R sleep latency was defined
as the minutes from the first epoch of sleep (N1, N2, or N3 sleep) to the first epoch of stage R sleep. P values were based on the Wilcoxon rank sum
test, where treatment differences were estimated using the Hodges-Lehmann estimation. BL = baseline, LEM5 = lemborexant 5 mg, LEM10 =
lemborexant 10 mg, LSM = least-squares mean, PBO = placebo, SD = standard deviation, SE = standard error, ZOL = zolpidem tartrate extended release
6.25 mg.

Journal of Clinical Sleep Medicine, Vol. 17, No. 6 June 1, 20211172

M Moline, G Zammit, JY Cheng, et al. Effect of lemborexant on sleep architecture
D

ow
nl

oa
de

d 
fr

om
 jc

sm
.a

as
m

.o
rg

 b
y 

K
ir

st
en

 T
ay

lo
r 

on
 M

ar
ch

 2
, 2

02
2.

 F
or

 p
er

so
na

l u
se

 o
nl

y.
 N

o 
ot

he
r 

us
es

 w
ith

ou
t p

er
m

is
si

on
. 

C
op

yr
ig

ht
 2

02
2 

A
m

er
ic

an
 A

ca
de

m
y 

of
 S

le
ep

 M
ed

ic
in

e.
 A

ll 
ri

gh
ts

 r
es

er
ve

d.
 



important to note that the improvements in sleep architecture
observedwith lemborexant, although significant comparedwith
placebo, were small in general and may not be clinically
meaningful or noticeable to the patient. The length of the study
was 30 days, so the long-term effects of lemborexant on sleep
architecture are not currently known. Participation in the study
was also limited to individuals ages ≥ 55 years with sleep
maintenance complaints. Therefore, these findings cannot be
generalized to younger individuals with insomnia. However,
this study does provide valuable data on the use of lemborexant
in an older population with insomnia. Further, the study had
very strict inclusion criteria and thus the results may not be
applicable to individuals with less-severe insomnia. A fixed
dose (6.25 mg extended release) of zolpidem was used in this
study. Although zolpidem is available by prescription at higher
doses, 6.25 mg is the initial recommended dose for patients
ages ≥ 65 years, and the initial dose for all women, to minimize
adverse effects.30 Finally, there was a difference in age require-
ments for men and women enrolled in this study, which may
limit the interpretation of potential sex-based differences.
However, the age range was selected to study women in the
clinically important menopausal age range (and older) and
could also be considered a strength of the study.

In conclusion, these data indicate that treatment with
lemborexantmayaddress someof thechanges in sleep architecture
that are observed in older adults with insomnia. In particular,
the increase in TST and stage R sleep with lemborexant treat-
ment observed in the PSG recordings was consistent with the
self-reported improvement in sleep maintenance noted with
lemborexant compared with placebo in this study and Study
303.21 The changes in sleep architecture observed in Study
304 also persisted through the end of the treatment period,
indicating a continued benefit of lemborexant over 1 month for
the treatment of insomnia in older adults.

ABBREVIATIONS

DORA, dual orexin receptor antagonist
LSM, least-squares mean
NREM, non-rapid eye movement
PSG, polysomnography
SE, standard error
TST, total sleep time
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