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ABSTRACT
BACKGROUND: Insomnia is a common disor-
der associated with a substantial burden of 
illness, particularly in older adults.

OBJECTIVE: To compare the efficacy and 
safety of lemborexant with specified other 
insomnia treatments through a systematic 
literature review and network meta-analysis 
(NMA).

METHODS: Medline and Embase were 
systematically searched from inception to 
February 2019 and updated with a targeted 
search of PubMed for pivotal trials in March 
2021. Randomized controlled trials in adults 
with primary insomnia were included if they 
reported results following at least 1 week 
of treatment. Interventions of interest were 
specified as lemborexant, suvorexant, 
benzodiazepines, benzodiazepine recep-
tor agonists (also called Z-drugs [zolpidem, 
eszopiclone, zaleplon, zopiclone]),  

trazodone, and ramelteon. Efficacy out-
comes included wake after sleep onset 
(WASO), sleep efficiency (SE), latency to per-
sistent sleep (LPS)/sleep onset latency (SOL), 
total sleep time (TST) and Insomnia Severity 
Index (ISI). Bayesian NMA were performed at 
predetermined time intervals approximat-
ing 4 weeks, 3 months, and 6 months. Safety 
outcomes included serious adverse events 
(SAEs), withdrawals due to adverse events 
(AEs), and specified AEs (dizziness, som-
nolence, and falls). Subgroup analysis was 
conducted in the older population.

RESULTS: 45 studies were included in the 
NMA. At 4 weeks, lemborexant had the high-
est probability of being the best treatment 
for 3 of the 4 outcomes measured objectively 
by polysomnography—TST, LPS, and SE—and 
was ranked second to suvorexant on WASO. 
Eszopiclone was highly ranked for subjec-
tively measured SOL and ISI at 4 weeks, 
3 months, and 6 months. Lemborexant was 
rated more highly than suvorexant in  

subjective measures of WASO, TST, and SOL 
at 4 weeks (the differences were not statisti-
cally significant). No statistically significant 
interactions between treatment effect and 
older subpopulations were found, indicating 
that the treatment effect was similar in older 
and adult populations. The safety profile of 
lemborexant was broadly similar to the other 
treatments for SAEs and withdrawals due to 
AEs. A limitation is the age of some of the 
included studies (3 were published in 1990 
or earlier). A further limitation is the lack of 
stratification of recommended doses. If the 
doses used in the study publications do not 
reflect doses used in clinical practice, this 
could potentially bias the results.

CONCLUSIONS: Lemborexant was ranked 
highest of the treatments studied on 3 out of 
the 4 objectively measured insomnia efficacy 
outcomes, with a safety profile broadly simi-
lar to other insomnia treatments.

What is already known  
about this subject

•	 Insomnia is common and associated 
with impaired daytime functioning 
and reduced health-related quality  
of life.

•	 Many current insomnia treatments 
such as benzodiazepines and 
benzodiazepine receptor agonists 
(Z-drugs) are associated with adverse 
consequences such as next-day 
impairment, confusion, and falls, 
especially in older people.

What this study adds

•	 This study places the efficacy and safety 
of lemborexant, a recently approved 
treatment for insomnia, in the context 
of other commonly used insomnia 
treatments.

•	 This study adds to previously published 
reviews in insomnia by undertaking a 
comparative network meta-analysis 
comparing lemborexant with multiple 
other insomnia treatments. 
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Insomnia is a common disorder involving sleep dis-
turbances such as difficulty in falling asleep, difficulty 
maintaining sleep, or premature wakening, or a combina-
tion. Estimated prevalence in the United States varies from 
3.9% to 27.3% and increases with age, reaching 30% to 48% 
in older adults.1-3

Insomnia may result in increased fatigue, reduced alert-
ness, and impairment of daytime functioning. Lack of sleep 
is associated with increased risk of motor vehicle accidents 
and workplace accidents.4,5 Patients with insomnia reported 
high rates of car, workplace, and home accidents.6 In older 
people, sleep disturbance is associated with an increased 
risk of falls.7 Insomnia was associated with reduced quality 
of life in the United States, France, and Japan.8

Guidelines recommend cognitive behavioral therapy 
as first-line treatment for chronic insomnia.9 If therapy is 
unavailable or ineffective, recommended pharmacological 
treatment include benzodiazepines (BZDs), benzodiazepine 
receptor agonists (also called Z-drugs [zolpidem, eszopi-
clone, zaleplon, zopiclone]), and some antidepressants, 
although some of these treatments are not indicated to 
treat insomnia.9 The first dual orexin receptor agonist, 
suvorexant, reported superior efficacy compared with 
placebo for subjective and objective sleep latency and sleep 
maintenance in two 3-month randomized controlled trials 
(RCT) and was approved in the United States in 2014.10,11

Current treatments for insomnia may have unwanted 
effects including daytime sedation, rebound insomnia, 
confusion, and next-day impairment of complex tasks like 
driving.3 BZDs have potential for dependence and abuse.12 

In older adults, BZDs increase the risks of memory impair-
ment, falls, fractures, and avoidable hospital admissions, 
and Z-drugs can cause confusion and increase the risk of 
falls and fractures.12 It is suggested that BZDs and Z-drugs 
be avoided in older adults.3,12 Trazodone side effects include 
dizziness and orthostatic hypotension, which heighten the 
risk of falls and injuries.13 There is a need for long-term 
effective insomnia treatments with a low risk of adverse 
consequences and no dependency issues, especially in older 
populations.

Lemborexant is a new dual orexin receptor agonist 
recently approved in the United States, Japan, and Canada 
for the treatment of adult patients with insomnia character-
ized by difficulties with sleep onset and/or maintenance.14 It 
has been evaluated in phase 3 clinical trials in comparison 
with placebo and zolpidem extended-release (ER),15,16 and 
improved sleep maintenance significantly compared with 
zolpidem-ER over 1 month of treatment (wake after sleep 
onset [WASO] in the second half of night vs zolpidem-ER 
–6.7 minutes, P = 0.004 for lemborexant 5 mg and –8.0 min-
utes, P < 0.001 for lemborexant 10 mg).16 

Network meta-analysis (NMA) expands the scope of a 
conventional pairwise meta-analysis by analyzing simul-
taneously both direct comparisons of interventions within 
RCTs and indirect comparisons across RCTs. The RCTs 
are connected via a common comparator (eg, placebo). An 
NMA can thus estimate “indirectly” differences in outcomes 
between treatments that have never been directly com-
pared, head-to-head, in RCTs. Previous meta-analyses in 
insomnia have been conducted,17-23 however, only 1 included 
lemborexant,23 and this compared lemborexant with only 
2 other treatments, suvorexant and zolpidem-ER. The 
objective of this systematic literature review and NMA was 
to compare lemborexant with 15 specified other insomnia 
treatments (derived from consultation with physicians) 
using measures of sleep maintenance, sleep onset, sleep 
quality, and incidence of adverse events (AEs). 

Methods
SEARCH STRATEGY
To identify RCTs evaluating lemborexant or the 15 other 
treatments for insomnia, searches were conducted in 
Medline and Embase in October 2017 and updated in 
February 2019. Clinical trial registries were searched in 
February 2019 and again in March 2021. A targeted search 
of PubMed for RCTs of lemborexant or suvorexant was 
conducted in March 2021. The search strategy for Embase 
is provided in Supplementary Table 1 (available in online 
article).

The search strategy for BZD publications was limited to 
citations postdating a systematic review published in 2007.17 
Relevant citations from this review were included manually. 

The inclusion eligibility criteria were based on PICOTS 
(population, intervention, comparator, outcome, time 
frame, and study design):

Population: Primary insomnia in adults.
Intervention: Lemborexant and 15 other drug treat-

ments (zaleplon, zolpidem [immediate release, (IR) or ER], 
zopiclone, eszopiclone, ramelteon, trazodone, suvorexant, 
brotizolam, flunitrazepam, etizolam, triazolam, alprazolam, 
estazolam, temazepam, or lorazepam), at doses recom-
mended by the US Food and Drug Administration; European 
Union 5 (France, Germany, Italy, Spain, and United Kingdom); 
or Pharmaceutical and Medical Devices Agency in Japan. 
Studies were included if at least 1 group was randomized 
to at least 1 of these interventions. Combination treatment 
was excluded.

Comparator: Other pharmacological treatments or pla-
cebo that allowed the study to be joined into the network. 
Exclusion at full-text review occurred if the comparator 

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21011-1619813058.pdf
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accidental injury. The primary time point for the NMA effi-
cacy outcomes was 4 weeks from treatment initiation. For 
studies that did not report outcomes at 4 weeks, the mea-
surement closest to 4 weeks was used, provided that it was 
between 1 and 6 weeks. Secondary efficacy time points were 
3 months and 6 months (which included measurements up 
to 8 months).

Sleep quality was measured on multiple scales, ranging 
from 4-point scales to visual analogue scales running from 
0 to 100. The scales can also run in opposite directions, 
with higher scores indicating better sleep quality on some 
scales and worse on others. To analyze these data, all 
scales were transformed to a common scale of 1 to 10, with 
10 indicating better sleep quality. First, the direction was 
corrected so that a higher score indicated better quality of 
sleep for all studies by subtracting the mean from the maxi-
mum and adding to the minimum. Second, all scales were 
transformed to run from 1 to 10 using published methods.25

We combined dose levels within each study when 
patients were randomized to more than 1 of the approved 
doses of an intervention. 

When not directly reported, the mean and SD were 
estimated from the median and range or interquartile range 
taking account of the skewness of the data.26 The standard 
error was derived from the SD, CI, test statistic, or P value. 
When no measure of variability was reported, the SD for 
the study was based on the weighted average SD reported 
in the other studies.27

QUALITY ASSESSMENT
Quality of evidence was assessed using the National 
Institute for Health and Care Excellence (NICE) methodol-
ogy checklist for RCTs.28

NETWORK META-ANALYSIS
Bayesian NMA were performed at 4 weeks, 3 months, and 
6 months, with placebo as the reference treatment because 
it was the most frequent comparator across the trials. A ran-
dom-effects linear regression shared parameter model was 
fitted for the 4-week efficacy outcomes,29 and fixed-effects 
models were fitted for the 3- and 6-month outcomes due 
to the sparseness of the networks. Efficacy estimates are 
reported as mean difference. These models also incorpo-
rated multi-arm trials under the assumption of homogenous 
between trial variance. Safety outcomes were analyzed 
as binary variables (number and percentage experienc-
ing ≥1 event), without continuity correction and estimates 
reported as odds ratio (OR). Complementary log-log (clo-
glog) models using duration of treatment as an offset were 
also fitted as sensitivity analysis with estimates reported as 
hazard ratios. 

could not be used as a common reference to an intervention 
of interest.

Outcome: Latency to persistent sleep (LPS, objective), 
sleep onset latency (SOL, subjective), sleep efficiency (SE, 
objective and subjective), WASO (objective and subjective), 
total sleep time (TST, objective and subjective), Insomnia 
Severity Index (ISI), subjective quality of sleep (sQUAL), 
serious AEs (SAEs), withdrawal due to AEs, somnolence, 
dizziness, falls, or accidental injury.

Time frame: Treatment duration of at least 1 week.
Study design: RCT, excluding crossover design.
Other criteria included publication in English with a 

sample size of at least 50 patients in total across relevant 
treatment groups, and at least 20 patients evaluated in 
each relevant treatment group. Post hoc analyses, duplicate 
studies, or those reporting no usable data were excluded. 

SCREENING AND DATA EXTRACTION
Studies identified in the search were initially screened 
using title and abstract by 2 independent reviewers, with 
disagreements resolved by consensus or a third reviewer. 
Full text was obtained for all potentially relevant articles. 
Publications were included after full-text review if they met 
the eligibility criteria and reported results for at least 1 out-
come and at least 2 comparators of interest.

Data on study characteristics, interventions, compara-
tors, results for outcomes of interest (point estimate and 
measure of variability), and quality assessment information 
were extracted from included publications by 2 inde-
pendent reviewers using a standardized Microsoft Excel 
template. Any differences were resolved by consensus or a 
third person.

OUTCOME MEASURES
Efficacy outcomes assessed in insomnia trials include mea-
sures of sleep maintenance (TST, WASO, and SE), sleep onset 
(LPS, subjective SOL [sSOL]), and sleep quality (sQUAL). 
Some can be measured objectively using polysomnography 
(PSG; LPS), subjectively using a daily sleep diary recorded by 
the patient (sQUAL, sSOL), or both (TST, WASO, SE). TST is 
defined as total time from onset of persistent sleep to wake-
fulness. WASO is defined as the number of minutes in the 
wake stage after the onset of persistent sleep. SE is defined 
as TST divided by total time in bed, which for PSG studies 
is typically set at 8 hours, and thus TST and SE are essen-
tially different measures of the same thing, particularly in 
PSG studies. LPS and sSOL are defined as the length of time 
that it takes to transition from full wakefulness to sleep. 
Insomnia severity was measured using the patient-com-
pleted ISI questionnaire.24 Safety outcomes included SAEs, 
withdrawals due to AEs, somnolence, dizziness, and falls or 
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The interaction model fitted means that only 1 interac-
tion term is estimated for active treatment versus placebo, 
and thus cancels out when comparing 2 active treatments. 
This may not be an appropriate assumption if, for example, 
some active treatments work better in the older subgroup 
and others in the adult subgroup. The plan was to fit indi-
vidual models for the older network and the adult network 
separately. However, due to the sparseness of the networks, 
these estimates were not robust.

Results
SEARCH RESULTS
Figure 1 summarizes the results of the literature searches 
and the screening/selection process conducted in February 
2019 to identify RCTs of the treatments of interest. No addi-
tional trials were identified in the targeted searches in 
March 2021. A total of 45 studies were included.11,16,36-77 

STUDY CHARACTERISTICS
The 45 studies covered lemborexant and 15 other insom-
nia treatments, of which the most commonly studied were 
zolpidem-IR or -ER. No studies of etizolam, alprazolam, or 
lorazepam met our inclusion criteria. The studies covered 
a long period (1984 to 2020). Most were placebo controlled 
and all were double blind (Supplementary Table 2, available 
in online article).

QUALITY ASSESSMENT
The quality assessment results are summarized in 
Supplementary Table 3 (available in online article). Generally, 
the older studies tended to report less detail.

EFFICACY OUTCOMES 
Objective sleep outcomes measured by PSG were analyzed 
at 4 weeks and subjective outcomes at 4 weeks, 3 months, 
and 6 months. The number of studies and interventions 
varied by outcome, with subjective outcomes more fre-
quently reported (Table 1). The network diagram for TST is 
shown in Figure 2. The other efficacy network diagrams are 
presented in Supplementary Figures 1-4 and results of indi-
vidual studies in Supplementary Tables 4-13 (supplementary 
materials available in online article).

Of the objective efficacy outcomes, lemborexant was the 
only treatment statistically significantly superior to pla-
cebo on TST and was also statistically significantly superior 
to ramelteon, prolonging sleep by an average of 32 minutes 
(Table 1). Lemborexant was statistically significantly supe-
rior to placebo, zolpidem-IR, and ramelteon for WASO 
(average reduction of 20-25 minutes), and to placebo, zolpi-
dem-ER, zaleplon, and triazolam for LPS (13-23 minutes). All 

Trials with no events across all treatment groups of 
interest were excluded, as these do not provide evidence 
of the direction or magnitude of the treatment effect, and 
may dilute treatment estimates, which is inappropriate for 
detecting safety signals. Trials with no events in 1 group 
and events in another group were included where possible. 
All estimates were summarized using median with 95% 
credible intervals (CrI). The probability each intervention 
was ranked first (best), second, third, and so on, was 
estimated from the model for each outcome and displayed 
in rankograms.

Model parameters were estimated using the Markov 
Chain Monte Carlo method in WinBUGS version 1.4.3 
(The BUGS Project).30 Models were developed using NICE 
guidance.29 Three chains were run for 50,000 iterations 
and discarded as “burn-in,” and then the model was run 
for a further 100,000 iterations for inference. Convergence 
was assessed by visual inspection of the history plot and 
Gelman-Rubin diagnostics. Noninformative priors were 
used. The residual deviance Dres was compared with the 
number of datapoints to assess model fit, and τ (tau), an 
estimate of the SD of underlying true effects across stud-
ies, is presented as a measure of heterogeneity for random 
effects models.

ASSESSMENT OF CONSISTENCY
For some comparisons, there was direct evidence (when 
there were RCTs that included both treatments) as well as 
indirect evidence (where there were RCTs that included 1 of 
the treatments and a common reference treatment, typi-
cally placebo). We used the network suite of commands in 
Stata (StataCorp) to examine the consistency of direct ver-
sus indirect evidence for networks with closed loops.31-33

ASSESSMENT OF BIAS
Reporting bias or small study bias (“publication bias”) was 
evaluated by visually assessing comparison-adjusted funnel 
plots for endpoints reported by more than  10 studies.33,34

SUBGROUP ANALYSIS
Subgroup analysis was conducted for older adults. Subgroup 
analyses incorporated the proportion of the study popu-
lation defined as older (ranging from 0% for studies not 
containing older adults to 100% for studies only containing 
older adults). Older adults were generally defined as people 
aged at least 65 years, although definitions varied by study. 
Subgroup analyses were conducted by fitting an interac-
tion model under the assumption of the same interaction 
for all active treatments because neither unrelated nor 
related interaction models were feasible given the sparse 
networks.35 

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21011-1619813058.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21011-1619813058.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21011-1619813058.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21011-1619813058.pdf
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Records identified through 
database searching, 2019 

(n = 578)

Records after duplicates removed
(n = 543)b

Records screened  
by title/abstract  

(n = 1,715)

Records excluded by title/abstract  
(n = 1,642)

Reasons for exclusion:

(A)	 Not an RCT (n = 917)
(B)	 Not primary insomnia (n = 259) 
(C)	 Not comparators of interest (n = 124)
(D)	 Small sample size (n = 85)
(E)	 Pediatric patients (n = 2)
(F)	 Post hoc analysis or duplicate (n = 159)
(G)	 Crossover studies (n = 30)
(H)	Not in English (n = 30)
(I)	 Intermittent or not approved dose (n = 24)
(J)	 Did not include outcome of interest (n = 11)
(K)	 Treatment length < 1 week (n = 1)

Records excluded by full text
(n = 26)

Reasons for exclusion:

(A)	 Small sample size (n = 4)
(B)	 Did not include outcome of interest (n = 12)
(C)	 Not primary insomnia (n = 3)
(D)	 Treatment length < 1 week (n = 1)
(E)	 Not a comparator of interest (n = 5)d

(F)	 Intermittent or not approved dose (n = 1)

Full-text articles  
assessed for eligibility 

(n = 73)

Citations included in 
quantitative synthesis for 

NMAc

(citations: n =47)
(studies: n = 45)
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FIGURE 1 PRISMA Flow Diagram

Note: Searches of databases from inception through February 2019 are shown. Targeted searches conducted in March 2021 did not identify any new RCTs.
aSix records were identified by manual searching: 1 article (Ancoli-Israel) was identified from review of the reference list of Ancoli-Israel36,37; 1 unpublished study 
(TL020) was identified from a ramelteon review (Kuriyama A, Honda M, Hayashino Y. Ramelteon for the treatment of insomnia in adults: a systematic review and 
meta-analysis. Sleep Med. 2014;15[4]:385-92); 3 CSRs for lemborexant (Studies 201, 303, and 304); and 1 poster of Study 303.61 
bThere were 107 records from the updated search of Embase.com (including Embase and Medline) and 436 from clinical trial registries.
cA total of 47 articles/reports on 45 distinct studies were identified for inclusion. Note that 1 article, Herring,11 reported 2 trials; Study 201 is represented by 
2 citations (the CSR and the publication by Murphy60); Study 303 is represented by 2 citations (the CSR and the poster by Yardley61); and Study 304 is represented by 
2 citations (the CSR and the abstract/poster by Rosenberg80). Studies 303 and 304 were subsequently published as full manuscripts after the date of the search,14,16 
and the full manuscripts are cited in this review instead of the earlier posters. 
dThese studies were excluded at full-text review as not a comparator of interest if there was no opportunity to use that comparator as a common reference to a 
drug of interest. This applied to midazolam, nitrazepam, propiomazine, and pentobarbitone.
CSR = clinical study report; NMA = network meta-analysis; PRISMA = preferred reporting items for systemic reviews and meta-analyses; RCT = randomized  
controlled trial.

Additional records 
identified through  

other sources
(n = 6)a

Records identified from 
Buscemi et al, 2007

(n = 14)

Records identified through 
database searching, 2017

(n = 1,374)

Records after duplicates  
removed
(n = 1,152)
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Lemborexant had the highest probability of being the 
best treatment for 3 of the 4 objective efficacy outcomes 
(TST, LPS, and SE) and was ranked second to suvorexant 
on WASO at 4 weeks (Figure 3). Rankograms for other 

other comparisons showed no statistically significant differ-
ences versus lemborexant. Pairwise comparisons for other 
comparators and placebo are presented in Supplementary 
Tables 14-17 (available in online article).

Lemborexant  
vs comparator

Objective (PSG) Subjective

TST, min WASO, min LPS, min SE, % sTST, min sWASO, min sSOL, min
ISI  

(scale 0-28)
sQUAL  

(scale 1-10)

Placebo 38.1  
(16.3, 60.7)

–21.3  
(–29.6, –10.1)

–18.6  
(–29.0, –10.9)

7.2  
(3.4, 10.8)

22.5  
(12.6, 32.7)

–10.9  
(–19.0, –3.4)

–13.2  
(–20.2, –6.0)

–1.9  
(–3.3, –0.5)

0.3  
(0.1, 0.6)

Suvorexant NA 4.1  
(–8.7, 19.4)

–9.4  
(–23.4, 1.8) NA 4.0  

(–9.8, 18.1)
–4.0 (–15.7, 

6.9)
–7.1  

(–18.5, 4.4)
–0.6 

(–2.7, 1.6)
–0.1  

(–0.5, 0.3)

Zolpidem-IR 21.1  
(–13.0, 50.2)

–19.6  
(–31.9, –0.3)

–6.3  
(–19.7, 3.8)

3.3  
(–1.8, 9.0)

–5.3  
(–17.2, 6.3)

3.1  
(–7.4, 13.3)

0.2  
(–8.0, 8.9) NA –0.3  

(–0.6, 0.0)

Zolpidem-ER 22.6  
(–4.6, 51.0)

–7.2  
(–16.8, 4.6)

–13.4  
(–24.4, –4.9)

4.6  
(–0.9, 9.8)

–2.1  
(–14.6, 10.3)

8.1  
(–2.6, 18.1)

–8.0  
(–17.2, 1.0)

0.3  
(–1.8, 2.5)

–0.2  
(–0.5, 0.2)

Zopiclone 24.2  
(–21.7, 73.1) NA –11.1  

(–29.6, 4.8)
4.4  

(–0.1, 8.8) NA NA NA 0.9  
(–2.4, 4.0) NA

Eszopiclone 10.0  
(–25.6, 48.2)

–8.7  
(–21.8, 7.1)

–6.0  
(–20.1, 5.6)

1.8  
(–2.9, 6.5)

–12.3  
(–24.3, 0.2)

3.6  
(–6.0, 12.7)

4.4  
(–5.1, 13.6)

1.3  
(–0.6, 3.1)

–0.6  
(–0.9, –0.2)

Zaleplon 31.1  
(–0.5, 63.9) NA –14.5  

(–29.7, –1.6) NA 13.0  
(0.0, 25.6) NA 0.5  

(–8.7, 9.9) NA 0.1  
(–0.2, 0.5)

Trazodone NA NA NA NA 2.9  
(–17.4, 23.0)

–1.2  
(–17.1, 14.0)

–5.0  
(–20.3, 10.6) NA –0.2 

(–0.8, 0.4)

Flunitrazepam NA NA NA NA NA NA NA NA NA

Estazolam NA NA NA NA NA NA NA NA –0.5 
(–1.0, 0.0)

Triazolam 22.1  
(–16.4, 62.1) NA –23.2  

(–38.8, –9.6)
5.3  

(–1.4, 12.1)
–3.7  

(–21.2, 13.6) NA 2.0 
 (–14.4, 18.5) NA –0.4  

(–1.1, 0.3)

Temazepam NA NA NA NA 10.5  
(–7.9, 29.2)

3.8  
(–14.5, 21.9) 1.2 NA NA

Brotizolam NA NA NA NA –35.7  
(–76.4, 5.7)

6.8  
(–14.6, 28.2) NA NA NA

Ramelteon 31.7  
(1.3, 62.8)

–24.8 
(–40.8, –6.0)

–8.0  
(–20.7, 3.0)

5.8  
(–0.9, 12.3)

15.4  
(3.6, 27.3)

–16.9  
(–33.3, –1.1)

–6.9  
(–15.5, 2.0) NA 0.3  

(–0.1, 0.6)

τ (tau) 11.0  
(1.1, 26.9)

3.7  
(0.2, 14.1)

4.2  
(0.4, 10.2)

1.3 
(0.1, 8.0)

4.7 
(0.6, 9.0)

3.9  
(0.3, 9.8)

5.3  
(3.2, 8.1)

0.8  
(0.2, 2.2)

0.1  
(0.0, 0.3)

Dres vs number of  
datapoints 21.6 vs 21 21.4 vs 20 39.4 vs 36 25.5 vs 22 72.0 vs 73 49.9 vs 45 73.6 vs 74 21.0 vs 21 56.7 vs 57

Number of studies 10 11 18 11 34 22 34 10 27

Number of treatments 9 7 10 8 12 10 11 6 11

Number of participants 2,974 3,663 4,822 2,800 13,370 7,989 13,923 5,257 10,603

Note: Data are the mean difference between lemborexant and each comparator reported as median (95% CrI) from random effects NMA. sQUAL is reported on a 
scale from 1 to 10, where higher score indicates better quality of sleep. ISI is measured on a scale from 0 to 28, where lower scores indicate lower severity. Thus for 
TST, SE, and sQUAL, positive differences indicate lemborexant performs better; for WASO, LPS/sSOL, and ISI, negative difference indicates lemborexant performs 
better. Statistically significant differences (95% CrI excluding 0) are highlighted in bold.
CrI = credible interval; ER = extended release; Dres = residual deviance (measure of model fit); IR = immediate release; ISI = Insomnia Severity Index; LPS = latency to 
persistent sleep; min = minutes; NA = not available; NMA = network meta-analysis; PSG = polysomnographic; SE = sleep efficiency; sQUAL = subjective quality of sleep; 
sSOL = subjective sleep onset latency; sTST = subjective TST; sWASO = subjective WASO; τ = tau (measure of heterogeneity); TST = total sleep time; WASO = wake time 
after sleep onset.

TABLE 1 Comparison of Lemborexant With Other Treatments: Efficacy Results at 4 Weeks

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21011-1619813058.pdf
https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21011-1619813058.pdf
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placebo are presented in Supplementary Tables 19-33 (all 
available in online article).

SAFETY OUTCOMES
Network diagrams for the safety outcomes are shown in 
Supplementary Figure 10, and results of individual stud-
ies are shown in Supplementary Tables 34-38 (available in 
online article). The incidence of SAEs was not statistically 
significantly different between lemborexant and placebo, 
zolpidem-ER, eszopiclone, or ramelteon, and was statis-
tically significantly smaller for suvorexant (OR 5.48, 95% 
CrI = 1.26-32.06; Table 2). Data were sparse for this endpoint 
(12 out of 45 studies). There were no statistically significant 
differences between lemborexant and other treatments for 
withdrawals due to AEs (Table 2). There were no statistically 
significant differences for falls/injuries, although data were 
sparse as 8 trials reported a fall/injury, and 3 trials reported 
no falls. 

Lemborexant was associated with statistically sig-
nificantly lower incidence of dizziness compared with 
zolpidem-IR, zolpidem-ER, and eszopiclone (Table 2). 
Lemborexant was associated with a statistically signifi-
cantly higher rate of somnolence compared with placebo, 
suvorexant, zolpidem-IR, zolpidem-ER, eszopiclone, 
zaleplon, estazolam, and ramelteon (Table 2). Pairwise com-
parisons for other comparators and placebo are presented 
in Supplementary Tables 39-43 (available in online article).

Withdrawal due to AEs, the proportion experiencing at 
least 1 SAE, fall, or accidental injury increased with trial 
duration. Nonetheless, similar results were observed when 
duration was taken into account (Supplementary Table 44, 
available in online article). This is not unexpected, as the 
duration was assumed to be the same for each group within 
a trial and thus has little influence on the estimated ratios.

OLDER SUBPOPULATION
Ten studies were designed to assess insomnia treatment 
in older adults, and a further 25 studies were conducted in 
adult patients. The remaining 10 studies, while including 
older and adult patients, did not report results by subgroup. 

Supplementary Table 45 (available in online article) pres-
ents the β value for interaction for each outcome analyzed 
in the older subgroup. No statistically significant interac-
tions between treatment effect and older subpopulation 
were found for any efficacy outcomes, indicating that the 
treatment effect was similar in older and adult populations. 

There was some evidence of an interaction for withdraw-
als due to AEs (OR 0.59, 95% CrI = 0.35-1.01), SAEs (OR 0.52, 
95% CrI = 0.08-3.02), and falls/injury (OR 2.89, 95% CrI = 0.69-
15.75), but these were not statistically significant. There 
was a statistically significant interaction between age and 

treatments are in Supplementary Figures 5 and 6 (available 
in online article). 

Rankograms for the subjective efficacy outcomes at 
4 weeks are shown in Supplementary Figures 7-9 (available 
in online article). Eszopiclone was highly ranked for sSOL 
and ISI at 4 weeks (Supplementary Figure 7), although it 
was not statistically significantly different from lemborex-
ant on either outcome (Table 1). Lemborexant was rated 
more highly than suvorexant for subjective WASO (sWASO), 
subjective TST (sTST), or sSOL at 4 weeks, although the 
differences were not statistically significant (Table 1). 

Eszopiclone was highly ranked for sSOL and ISI at 
3 months and 6 months, although sSOL was not statistically 
significantly different from lemborexant at either time 
point (Supplementary Table 18). At 3 months, lemborexant 
was statistically significantly superior to suvorexant on 
sSOL and to ramelteon on sWASO (Supplementary Table 
18). At 6 months, lemborexant was statistically significantly 
superior to ramelteon on sTST and sWASO (Supplementary 
Table 18). Pairwise comparisons for other comparators and 

zolpidem-IR
zolpidem-ER

ramelteon

eszopiclone

triazolam
zaleplon

lemborexant

zopiclone

placebo

Note: Light orange lines join treatment pairs that occur in 1 study, and dark 
orange lines join treatment pairs that occur in 2 studies. The size of each circle 
is proportional to the number of treatment comparisons that involve that 
treatment.
ER = extended release; IR = immediate release; PSG = polysomnographic; 
TST = total sleep time.

FIGURE 2 Network Diagram for Included Studies 
Reporting TST (PSG) at 4 Weeks
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Discussion
This NMA examined the efficacy 
and safety of lemborexant and 
15  other insomnia treatments across  
45  studies. Only 1 previous limited 
meta-analysis had included lemborex-
ant,23 and only included 3 interventions 
(lemborexant, suvorexant, and zolp-
idem-ER). The NMA concluded that 
lemborexant 10 mg had superior effi-
cacy,23 which is consistent with our 
more comprehensive finding that lem-
borexant ranked highest on 3 of the 
4  objective measures (TST, LPS, and 
SE). In our analysis, the highest-ranked 
intervention exceeded clinical sig-
nificance thresholds for mean change 
relative to placebo proposed by the 
American Academy of Sleep Medicine 
for PSG-measured TST, LPS, SE, and 
WASO,21 indicating that the results 
should potentially translate into clini-
cal benefit to patients.

The safety profile of lemborexant 
was broadly similar to other treatments 
with respect to SAEs and withdraw-
als due to AEs, and lemborexant was 
associated with statistically signifi-
cantly less dizziness than zolpidem-IR, 
zolpidem-ER, and eszopiclone. There 
was a significant difference in SAEs 
for lemborexant versus suvorexant; 
however, this may be due to the high 
placebo rate for SAEs in suvorexant 
trial 1, where the SAE rate was 2.9% 
for placebo versus 0.4% for suvorex-
ant,11 rather than a difference between 
lemborexant and suvorexant per se. 
Lemborexant was also associated with 
increased odds of somnolence. More 
somnolence was observed with higher 
lemborexant doses.14 However, there 
was no statistical difference in objec-
tive measures such as reaction time 
between lemborexant and placebo or 
other assessments of the potential 
for residual morning sleepiness,60,78 
indicating that lemborexant was not 
associated with clinically meaningful 
residual morning sleepiness.

comparison-adjusted funnel plots for 
4-week efficacy and safety endpoints 
reported by more than 10  studies 
(Supplementary Figures 11-13, avail-
able in online article). There was no 
evidence of asymmetry (small study 
effects) for any efficacy endpoints, but 
a suggestion of some asymmetry for 
safety endpoints (withdrawals due to 
AEs, somnolence, and dizziness).

There was no evidence of inconsis-
tency for TST, WASO, sTST, sWASO, 
sSOL, ISI, or sQUAL at 4 weeks (global 
test P > 0.20 for all). However, there 
was evidence of inconsistency for LPS 
(P = 0.002) and SE (P = 0.011), which is 
likely to be primarily due to the small 
Ware study,74 which reported nonsig-
nificant superiority of placebo over 
zolpidem-IR. There was no evidence 
of inconsistency based on the global 
test (P > 0.05) for the safety outcomes 
assessed, although there was some 
evidence of inconsistency in the 
placebo-zolpidem-IR-temazepam and 
placebo-zolpidem-IR-triazolam loops 
for withdrawals due to AEs.

treatment effect for somnolence (OR 
0.48, 95% CrI = 0.26-0.87). However, 
separate analyses of studies in older 
adults (based on 17 of the 23  studies 
that reported somnolence; 7 older and 
10 adult) indicated that the assump-
tion of the same interaction for all 
active treatments may not be rea-
sonable in this case. Older people 
appeared to have high odds of somno-
lence with zolpidem-IR and zaleplon, 
but lower odds with zolpidem-ER, 
eszopiclone, and ramelteon (all vs  
placebo, data not shown). 

EXPLORATION OF 
HETEROGENEITY, BIAS, AND 
CONSISTENCY
Heterogeneity (τ) was small compared 
with the treatment effects versus 
placebo (Table 1), indicating that the 
estimates are robust. Residual deviance 
indicated a good model fit (Table 1).

Safety was not consistently reported 
across studies, with few studies avail-
able for analysis of SAEs (12 of 45) or 
falls/accidental injury (8 of 45). Small 
study bias was examined through 

0.0

0.2

0.4

0.6

0.8

1.0

0 1 2 3 4 5 6 7 8 9 10
Rank

TST (PSG)
WASO (PSG)
LPS
SE (PSG)

LPS = latency to persistent sleep; PSG = polysomnographic; SE = sleep efficiency; TST = total sleep time; 
WASO = wake after sleep onset. 

FIGURE 3 Ranking of Lemborexant on Objective Efficacy Outcome 
Measures at 4 Weeks

https://www.jmcp.org/pb-assets/Supplmental%20Material/SupplementaryMaterials21011-1619813058.pdf
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confidence in the robustness of the NMA results. Similarly, 
the funnel plot analysis did not identify substantial pub-
lication bias.

LIMITATIONS
This analysis has a number of limitations. The included 
studies were published over 3 decades (1984-2020), and 
earlier studies were conducted when there were fewer 
options for treating insomnia and lower quality of trial 
reporting. Some studies failed to report numerical results 
when the results were not statistically significant, and 
therefore could not be included. This could potentially 
lead to publication bias as the nonstatistically significant 
differences might have diluted any treatment effect had it 
been possible to include them.

Not all trials included the same subjective and objective 
measurements, resulting in limitations in comparing across 
all drugs on each measurement.

The analysis used approved insomnia doses and aver-
aged results across all doses, as is standard practice. 

No statistically significant interactions were found 
between treatment effect and older subpopulation, indicat-
ing that the treatment effect was similar in older and adult 
populations. Older patients are an important subgroup, 
as insomnia is common in older people, and some cur-
rent treatments have warnings and precautions related to 
their use in older populations (eg, eszopiclone).79 However, 
the sparse networks limited the interaction models that 
could be fitted. As a result, although the subgroup analysis 
indicated that the results from the main NMA also apply to 
the older population, comparisons between different active 
treatments in older adults could not be made.

This NMA has a number of strengths. It included both 
objective endpoints measured by PSG (permitting consis-
tent measurement) and subjective outcomes (reflecting 
the patient’s perception of poor sleep in a real-life 
setting). Clinical guidelines include both subjective and 
objective measures as critical outcomes with defined 
clinical significance thresholds.21 The low heterogeneity 
and the consistency observed for most outcomes support 

Lemborexant vs  
comparator

Odds ratio

SAE Withdrawal due to AE Somnolence Dizziness Falls/injury

Placebo 	 1.38 	 (0.59, 3.66) 	 1.38 	 (0.69, 2.95) 	 7.73 	 (4.17, 15.71) 	 0.66	  (0.32, 1.35) 	 0.68 	 (0.30, 1.61)

Suvorexant 	 5.48 	 (1.26, 32.06) 	 2.48	  (0.99, 6.64) 	 3.61	  (1.58, 8.73) 	 0.54	  (0.20, 1.47) 	 0.81 	 (0.18, 4.08)

Zolpidem-IR NA 	 0.60 	 (0.26, 1.42) 	 3.35	  (1.50, 7.85) 	 0.34	  (0.14, 0.82) NA

Zolpidem-ER 	 0.32 	 (0.06, 1.62) 	 0.40	  (0.15, 1.06) 	 2.91 	 (1.45, 6.29) 	 0.29 	 (0.12, 0.64) NA

Zopiclone NA 	 0.44 	 (0.18, 1.12) NA 	 0.37 	 (0.10, 1.26) NA

Eszopiclone 	 0.66	  (0.17, 2.47) 	 0.86 	 (0.40, 1.95) 	 3.53 	 (1.48, 8.61) 	 0.19 	 (0.07, 0.48) 	 0.54 	 (0.20, 1.50)

Zaleplon NA 	 0.99 	 (0.40, 2.52) 	 5.14 	 (2.17, 12.74) 	 0.77 	 (0.28, 2.11) NA

Trazodone NA 	 0.57 	 (0.14, 2.55) 	 2.10 	 (0.81, 5.69) NA NA

Flunitrazepam NA 	 0.50 	 (0.15, 1.90) NA NA NA

Estazolam NA 	 3.02 	 (0.91, 10.44) 	 13.27	 (3.72, 47.69) NA NA

Triazolam NA 	 0.75 	 (0.27, 2.17) 	 2.80	  (0.69, 11.89) 	 0.31 	 (0.05, 2.06) NA

Temazepam NA 	 0.72 	 (0.19, 3.05) NA NA NA

Brotizolam NA NA NA NA NA

Ramelteon 	 0.41 	 (0.05, 2.54) 	 1.47 	 (0.60, 3.75) 	 2.79	 (1.21, 6.68) 	 0.48 	 (0.20, 1.16) NA

Number of studies 12 36 23 23 8

Number of treatments 6 14 11 10 4

Number of patients 6,456 15,398 10,328 9,363 4,800

Note: Data are median odds ratio of lemborexant versus comparator with 95% CrI from fixed effects NMA. Statistically significant differences (95% CrI excluding 1) 
are highlighted in bold font.
AE = adverse event; CrI = credible interval; ER = extended release; IR = immediate release; NA = not available; NMA = network meta-analysis; SA = serious adverse 
event.

TABLE 2 Comparison of Lemborexant With Other Treatments: Safety Results
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However, if the doses used in the pub-
lications do not reflect those used in 
clinical practice, this could potentially 
bias the results. The starting dose of 
lemborexant is 5  mg,15 and the lem-
borexant phase 3 studies in the NMA 
included equal numbers of patients 
receiving 5 mg and 10 mg. In contrast, 
the starting dose for suvorexant is 
10 mg,10 but data were only available 
for suvorexant at a dose of 15  mg 
(older adults) and 20 mg (adults). Most 
patients in the long-term eszopiclone 
studies received 3 mg, whereas there 
is a warning of impaired daytime 
function for doses of 2 mg and 3 mg, 
and a dose of greater than 2  mg is 
contraindicated in older patients.79 
Lower initial doses are recommended 
in women than in men for zolpidem-IR 
or -ER. If doses in some of the studies 
in the NMA did not reflect recommen-
dations, this could potentially have 
biased the efficacy results.

The time point of the efficacy out-
comes included in the 4-week analysis 
could vary from 1 to 6 weeks. 

To perform the analysis, the dif-
ferent scales used to measure sleep 
quality were transformed to a common 
scale. This has some limitations, as the 
question about sleep quality may have 
differed, and the transformation does 
not guarantee comparability of the 
categories in the transformed scales 
(eg, data from a 4-point scale are 
less precise than from a scale with 
more categories). sQUAL is therefore 
less robust than the other efficacy 
outcomes, which have standardized 
definitions and measurement.

The level of evidence varied 
between the interventions. No studies 
of alprazolam, lorazepam, or etizolam 
met the inclusion criteria. The study of 
flunitrazepam could not be connected 
to the efficacy network and was only 
connected to 1 safety network. The 
single brotizolam study was old and 
sparsely reported,53 therefore the 
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