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Abstract
Background: Delirium is a frequently encountered complication, which is associated with increased mortality. Suvorexant, an
approved agent for the treatment of insomnia, is recently suggested to be also effective for prevention of delirium by some authors.
However, a consensus has yet to be reached. The goal of this study was to perform a meta-analysis to overall estimate the
effectiveness of suvorexant in preventing delirium and its related consequences.

Methods:Eligible studieswere identifiedby searching online databases of PubMed, EMBASE, andCochrane Library. The pooledOR
was calculated for binary outcomes (e.g., the incidence of delirium, mortality, or adverse events), while standardized mean difference
(SMD) were expressed for continuous outcomes (e.g., time to delirium onset, length of stay in hospital and ICU, time on ventilation).

Results:Seven studies which comprised 402 suvorexant treatment patients and 487 patients with control treatment were included
in this meta-analysis. Overall, pooled analysis indicated the incidence of delirium could be significantly reduced (OR, 0.30; P< .001)
and time to delirium onset was significantly lengthened (SMD, 0.44; P= .006) in patients undergoing suvorexant treatment compared
with controls. Suvorexant had no beneficial effects on the secondary outcomes [length of stay in hospital (SMD,�0.65; P= .161) and
ICU (SMD, 0.34; P= .297), time on ventilation (SMD, 1.09; P= .318), drug-related adverse events (OR, drug-related adverse events
(OR, 1.66; P= .319) and mortality (OR, 2.21; P= .261)]. Subgroup analysis also confirmed the benefit of suvorexant on the
development of delirium, which was significant in any subgroup.

Conclusion: Suvorexant should be recommended for the prevention of delirium in clinic.

Abbreviations: CAM-ICU = Confusion Assessment Method for Intensive Care Unit, CI = confidence interval, DSM-5 = the
Diagnostic and Statistical Manual of Mental Disorders, 5th Edition, ICDSC = Intensive Care Delirium Screening Checklist, ICU =
intensive care unit, IL = interleukin, NOS = Newcastle–Ottawa Scale, OR = odd ratio, RCTs = randomized controlled trials, SMD =
standardized mean difference.
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1. Introduction

Delirium is a neuropsychiatric syndrome characterized by acute-
onset, fluctuating disturbances in attention, thought, conscious-
ness, perception, behavior, orientation, and memory.[1] Delirium
is a frequently encountered complication in patients undergoing
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various surgical procedures, needing for acute care and
hospitalized in intensive care unit (ICU), with the incidence
ranging from 5% to 39%.[2–5] Delirium is associated with poorer
functional outcomes, hospital re-admissions, prolonged ICU,
hospital length of stay, reduced quality of life, and increased
mortality,[5–9] which may impose a considerable financial
burden to the family and society.[5,10] Therefore, exploring the
drugs that prevent the development of delirium is of clinical
significance.
Suvorexant, a novel orexin receptor antagonist, is an officially-

approved agent in Japan and USA for the treatment of
insomnia.[11,12] Extensive evidence has demonstrated pretreat-
ment sleep disruption is one of risk factors associated with
posttreatment delirium [odd ratio (OR)=5.24, 95% confidence
interval (CI)=3.61–7.60; P< .001].[13–15] Thus, theoretically,
premedication of suvorexant may be potentially effective to
prevent the development of delirium by inducing sleep. This
hypothesis has been proved by some scholars. For example,
Tamura et al found the incidence of delirium in patients
undergoing elective coronary artery bypass grafting was
significantly lower in the suvorexant treatment group than that
in the control group (2.8% vs 21.2%; P= .008).[16] Hatta et al
reported delirium developed less among acute care patients
taking suvorexant than those without suvorexant administration
(0% vs 17%; P= .025).[17] Kawada et al demonstrated the
addition of suvorexant to ramelteon reduced the delirium risk in
acute stroke patients (7.0% vs 31%, P< .001).[18] However,
some studies supported the negative effects of suvorexant on
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delirium prevention (Masuyama et al: 43.8% vs 58.8%;
P= .149[19]; Azuma et al: 14.7% vs 33.9%; P= .069[20]; Booka
et al: 0% vs 11.1%; P= .418[21]) compared with the non-
suvorexant group. Hereby, it is necessary to comprehensively
evaluate the efficacy of suvorexant for delirium prevention by
integrating all relevant evidence.
The goal of this study was to perform ameta-analysis to overall

estimate the effectiveness of suvorexant in preventing delirium
and its related consequences for all patients that have a risk for
the development of delirium.

2. Materials and methods

This analysis was conducted in accordance with the recom-
mendations of Preferred Reporting Items for Systematic Review
and Meta-analysis (PRISMA). Patient consent and ethical
approval were not required since this study is a meta-analysis
based on studies published. Two reviewer authors independently
performed the literature search, inclusion, data extraction, and
quality assessment. Disagreements were resolved by consensus
with a third reviewer.

2.1. Data sources and searches

PubMed, EMBASE, and Cochrane Library were searched from
inception to December 19, 2019 in order to obtain all relevant
articles. The search strategy included: (“suvorexant” or “MK-
4305”) AND (“delirium”). Furthermore, reference lists of
included studies and previous reviews were manually scanned
for other potentially eligible trials.

2.2. Inclusion and exclusion criteria

Studies were included if they met all of the following inclusion
criteria:
1.
 comparing suvorexant with other control treatments;

2.
 prospective randomized controlled trials (RCTs) or retrospec-

tive case-control studies;

3.
 reported at least 1 clinical outcome of interest;

4.
 the clinical outcomes reported in at least 2 articles; and

5.
 providing sufficient data for statistical analysis.

Studies were excluded if they were:
1.
 duplicated publications;

2.
 case report, reviews or non-human studies;

3.
 full-text unavailable;

4.
 not case-control designed;

5.
 without the outcomes of interest;

6.
 without detailed data for statistical analysis; and

7.
 studies written in non-English.

2.3. Data extraction and quality assessment

The following characteristics were extracted from each study:
primary author, publication year, country, study design, source
of patients, sample size, sex, age, intervention methods,
diagnostic criteria of delirium, and several outcome parameters
(such as incidence of delirium, time to delirium onset, length of
stay in hospital and ICU, time on ventilation, drug-related
adverse events, and mortality).
The methodological quality of each study was assessed using

the Newcastle–Ottawa Scale (NOS).[22] The total scores obtained
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fromNOS ranged from 0 to 9 and studies with a NOS score more
than 7 were considered to be of high quality.
2.4. Statistical analysis

Data were entered into STATA 13.0 software (STATA
Corporation, College Station, TX, USA) for this meta-analysis.
The pooled OR was calculated for binary outcomes (e.g., the
incidence of delirium, mortality, adverse events), while stan-
dardized mean difference (SMD) were expressed for continuous
outcomes (e.g., time to delirium onset, length of stay in hospital
and ICU, time on ventilation). Cochranes Q and I2 statistic tests
were used to determine the heterogeneity among studies, with
P< .10 and I2 > 50% indicating the presence of heterogeneity.
For outcomes with a high heterogeneity among included studies,
a random-effect model was used for meta-analysis; otherwise, a
fixed-effect model was chosen. Furthermore, a subgroup analysis
was also performed according to study design, diagnostic criteria,
source of patients, control design, sample size, patients age, and
sex. Publication bias was assessed by Egger linear regression
test.[23] Sensitivity analysis was performed to evaluate the results
stability by omitting each study in turn. P< .05 was considered to
be statistically significant.

3. Results

3.1. Study identification

A flow diagram of the study inclusion process is presented in
Figure 1. Initially, 638 articles were retrieved by searching the
online databases. A total of 459 studies were eliminated
following deduplication. After reading titles and abstracts, 170
articles were further removed because they belonged to: case
report (n=7); review (n=17); animal experiments (n=14);
descriptive studies (n=39), studies with irrelevant topic (n=89)
or without controls (n=4). The left 9 studies were reviewed in
detail, in which 2 were excluded due to lack of relevant data.
Finally, 7 studies (suvorexant treatment group, n=402; control
group, n=487) were included in our meta-analysis.[16–21,24]

3.2. Characteristics of the included studies and risk of
bias

The characteristics of these 7 studies are described in Table 1. The
years of publication were between 2017 and 2019 and the sample
size involving the cases and controls ranged from 65 to 244. All
included studies were conducted for patients in Japan. Three
studies were designed as prospective RCTs,[17,20,24] while the
other 4 were retrospective case-control studies.[16,18,19,21] Two
trials were performed for patients in ICU,[19,20] 4 for non-ICU
population[16,18,21,24] and 1 included both of the ICU and non-
ICU patients.[17] The average daily dose was 15 or 20mg. In
addition to studies by Hatta et al,[17,24] the control group in the
remaining 5 studies underwent treatment with other sleep
inducers (such as ramelteon, zolpidem, rilmazafone, etizolam,
brotizolam, flunitrazepam, or diazepam). Delirium was diag-
nosed according to the Diagnostic and Statistical Manual of
Mental Disorders, 5th Edition (DSM-5) in 4 studies,[17,20,21,24]

Confusion Assessment Method for Intensive Care Unit (CAM-
ICU) in 2 studies[18,19] and Intensive Care Delirium Screening
Checklist (ICDSC) in 1 study.[16] The total NOS scores varied
from 8 to 9, indicating all eligible studies of high-quality
(Table 2).



Figure 1. Flow diagram of selection process of the studies.
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3.3. Efficacy assessments of suvorexant

All 7 studies evaluated the prevention effects of suvorexant on the
incidence of delirium[16–21,24] (Table 3). A fixed-effect model was
used for the meta-analysis because there was no heterogeneity
present among the studies (I2=15.9%, P= .311). Pooled analysis
from these 7 trials indicated that the incidence of delirium could
be significantly reduced after the use of suvorexant (OR, 0.30;
95% CI, 0.21–0.44, P< .001) (Fig. 2). This benefit of suvorexant
was also confirmed in subgroup analyses according to study
design (prospective: OR, 0.39; 95% CI, 0.22–0.67, P= .001;
retrospective: OR, 0.25; 95% CI, 0.15–0.42, P< .001), diagnos-
tic criteria (DSM-5: OR, 0.36; 95% CI, 0.21–0.62, P< .001;
CAM-ICU: OR, 0.28; 95%CI, 0.16–0.49, P< .001; ICDSC: OR,
0.11; 95%CI, 0.01–0.87, P= .036), source of patients (ICU: OR,
0.45; 95% CI, 0.23–0.88, P= .019; non-ICU/mixed: OR, 0.26;
95% CI, 0.16–0.41, P< .001), mean age (>65 years: OR, 0.23;
95% CI, 0.10–0.54, P= .001; unclear: OR, 0.45; 95% CI, 0.24–
0.85, P= .015), male percentage (<65%: OR, 0.16; 95% CI,
0.07–0.34, P= .005; >65%: OR, 0.39; 95% CI, 0.21–0.75,
P< .001; unclear: OR, 0.45; 95% CI, 0.24–0.85, P= .015),
control design (sleep inducers: OR, 0.29; 95% CI, 0.16–0.55,
3

P< .001; others: OR, 0.24; 95% CI, 0.07–0.89, P= .033) and
sample size (<100: OR, 0.29; 95% CI, 0.16–0.55, P< .001;
>100: OR, 0.24; 95% CI, 0.07–0.89, P= .033) (Table 4).
Time to delirium onset was recorded in 2 studies (Table 3). A

fixed-effect model was selected for the pooled analysis because no
evidence of heterogeneity was observed among these 2 studies
(I2=0%, P= .414). The meta-analysis results demonstrated that
time to delirium onset was significantly longer in patients
undergoing suvorexant treatment than those without suvorexant
treatment (SMD, 0.44; 95% CI, 0.13–0.74, P= .006) (Fig. 3).
Two or 2 studies explored the effects of suvorexant on the

secondary outcomes, including length of stay in hospital (n=2)
and ICU (n=3), time on ventilation (n=2), drug-related adverse
events (n=2), and mortality (n=2) (Table 3). The pooled results
showed that suvorexant seemed to have no beneficial effects on
these outcomes compared with other drugs [length of stay in
hospital (I2=92.3%, P= .001; SMD, �0.65; 95% CI, �1.57–
0.26, P= .161) and ICU (I2=84.0%, P= .002; SMD, 0.34; 95%
CI, �0.30–0.97, P= .297), time on ventilation (I2=97.5%,
P< .001; SMD, 1.09; 95% CI, �1.05 to 3.22, P= .318), drug-
related adverse events (OR, 1.66; 95% CI, 0.62–4.46, P= .319)
and mortality (OR, 2.21; 95% CI, 0.55–8.79, P= .261)].

http://www.md-journal.com


Table 1

Characteristics of the studies included in the meta-analysis.
Suvorexant group Control group

Study Year Country Design
Source of
patients

Diagnostic
criteria

No. Sex
(M, %)

Mean age
(years) Daily dose (mg) No.

Sex
(M, %)

Mean age
(years) Drugs

Hatta K 2020 Japan P Acute care or elective
surgery

DSM-5 119 Unclear Unclear 15 125 Unclear Unclear Placebo

Kawada K 2019 Japan R Acute care (medical
and surgical)

CAM-ICU 128 72 (56.3) 79.0 15 104 54 (51.9) 75.5 Other sleep inducers
(GABAR agonist:
zolpidem or
brotizolam)

Tamura K 2019 Japan R Surgical ICDSC 36 32 (88.9) 68.3 20 52 42 (92.3) 70.0 Conventional
Azuma K 2018 Japan P ICU (medical) DSM-5 34 27 (79.4) 61.9 20 (age < 65 years)

or 15 (age ≥ 65 years)
36 27 (75.0) 61.6 Other sleep inducers

(trazodone)
Masuyama T 2018 Japan R ICU (medical and

surgical)
CAM-ICU 33 27 (81.8) 71.0 15 85 59 (69.4) 72.0 Other sleep inducers

(ramelteon,
zolpidem,
rilmazafone,
etizolam, brotizolam,
flunitrazepam, or
diazepam)

Hatta K 2017 Japan P ICU or acute care
(medical and surgical)

DSM-5 36 23 (63.8) 78.5 15 36 19 (52.8) 78.3 Placebo

Booka E 2017 Japan R Surgical DSM-5 16 Unclear Unclear 20 49 Unclear Unclear Other sleep inducers
(ramelteon or Minor
tranquilizer)

CAM-ICU = Confusion Assessment Method for the Intensive Care Unit, DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, 5th Edition, ICDSC = Intensive Care Delirium Screening Checklist, ICU =
intensive care unit, M = male, P = prospective randomized controlled trials, R = retrospective case-control studies.
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3.4. Publication bias and sensitivity analyses

Publication bias analysis was performed for clinical outcomes
reported in more than 2 studies by Egger test. The results showed
there was no evidence of publication bias for the incidence of
delirium (P= .172) and length of stay in ICU (P= .855). The
sensitivity analyses also demonstrated the robust stability of the
results (Fig. 4).

4. Discussion

To our knowledge, this is the first meta-analysis to comprehen-
sively evaluate the pharmaceutical effects of suvorexant for the
prevention of delirium and its related consequences. In present
study, 7 case-control studies were included and both of the overall
and subgroup analyses showed that suvorexant could reduce the
incidence of delirium compared with other sleep inducers or
placebo.Also, overall analysis indicated that time to deliriumonset
was significantly lengthened in patients undergoing suvorexant
treatment.However, suvorexant hadnobeneficial effects on anyof
Table 2

The NOS quality assessment of the included studies.

Selection (score)

Study

Representativeness
of the exposed

cohort

Selection
of the

non-exposed
cohort

Ascertainment
of exposure

Demonstrat
that outcom
of interest w
not present
start of stu

Azuma K 1 1 1 1
Kawada K 1 1 1 1
Tamura K 1 1 1 1
Masuyama T 1 1 1 1
Hatta K 1 1 1 1
Booka E 1 1 1 1
Hatta K 1 1 1 1

4

the secondaryoutcomes, suchashospitalmortality, adverse events,
length of ICU stay, length of hospital stay, and time on ventilation.
These findings were not consistent with some of the individual
studies (such as the incidence of delirium, P= .149, .069 and
P= .418 in the study of Masuyama et al[19]; Azuma et al,[20] and
Booka et al,[21] respectively; length of hospital stay, P= .019 and
P= .035 in the study of Kawada et al[18] and Tamura et al[16];
lengthof ICUstay,P< .001andP= .001 in the studyofMasuyama
et al[19] and Tamura et al[16]), demonstrating the necessity and
superiority of meta-analysis by increasing the sample size and
statistical power.
Suvorexant is a selective dual antagonist for orexin-A and

orexin-B receptor. Orexin-A and -B are neuropeptides secreted by
perifornical and lateral hypothalamic neurons.[25] By binding to
the corresponding receptor, orexin can mediate the excitability of
neurons via regulating various ion (potassium, calcium) chan-
nels.[26,27] Thus, block of the orexin-receptor pathway may be
potentially effective for reducing the excitability of brain
neurons.[28] Similar to insomnia, delirium is also a neuroexcitatory
Comparability Exposure (score)

ion
e
as
at
dy

Comparability of
cohorts on the
basis of the
design or
analysis

Assessment
of

outcome

Follow-up
long enough
for outcomes
to occur

Adequacy of
follow up
of cohorts

Total
score

2 1 1 1 9
1 1 1 1 8
2 1 1 1 9
1 1 1 1 8
2 1 1 1 9
2 1 1 1 9
1 1 1 1 8



Table 3

Study outcomes of individual studies.

Delirium incidence
(n, %)

Time to delirium
onset (mean ± SD)

Hospital length of
stay (mean±SD)

ICU length of
stay (mean±SD)

Time on ventilation
(mean±SD)

Drug-related adverse
events (n, %)

Mortality
(n, %)

Study S C S C S C S C S C S C S C

Hatta K 17 (14.3) 30 (24.0%) NR NR NR NR NR NR NR NR NR NR NR NR
Kawada K 9 (7.0) 32 (30.8) NR NR NR NR NR NR NR NR NR NR NR NR
Tamura K 1 (2.8) 11 (21.2) NR NR 20±12.6 23±20 5.0±3.7 6.0±6.7 NR NR NR NR 0 (0) 0 (0)
Azuma K 5 (14.7) 12 (33.3) 5.06±4.2 3.59±1.8 NR NR 5.6±1.6 5.1±1.9 2.1±2.6 2.1±2.7 0 (0) 0 (0) NR NR
Masuyama T 14 (43.8) 50 (58.8) 6.26±1.8 5.68±2.2 21±3.5 25±3.75 8.5±6.67 4.9±2.3 5.8±3.1 1.8±1 .0 NR NR 4 (12.1) 5 (5.9)
Hatta K 0 (0) 6 (16.7%) NR NR NR NR NR NR NR NR 14 (38.9) 10 (27.8) NR NR
Booka E 0 (0) 9 (18.4) NR NR NR NR NR NR NR NR NR NR NR NR

C = control, NR = not reported, S = suvorexant, SD = standard deviation.
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symptom. Also, the plasma levels (roughly reflecting the
cerebrospinal fluid) of orexin-A, were found to be relatively
higher in patients with delirium than those without, although no
significant difference was observed.[29] Theoretically, suvorexant
may be effective for prevention and treatment of delirium, like
insomnia. This hypothesis was proved by previous studies which
investigated the improvement in sleep and delirium simultaneous-
ly.[18,24,30] In addition, orexin was reported to increase sympa-
thetic nerve activity by promoting expression of pro-inflammatory
cytokines [interleukin (IL)-1b, 2.7-fold; IL-6, 1.7-fold; tumor
necrosis factor-a, 1.5-fold][31]; while there was also a strong
relationship between inflammatory factors and delirium incidence
(such as high C-reactive protein: relative risk, 3.0; 95% CI, 1.4–
6.7[32]; IL-6: OR, 1.61; 95%CI, 1.00–2.58, P= .04[33]). Hereby,
suvorexant may also exert preventative effects for delirium by
inhibiting the inflammatory pathways.
This meta-analysis has several limitations. First, suvorexant

was approved only in a few countries (Japan and USA), which led
Figure 2. Forest plots showing the preventative effects of suvorexant on
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to all the included studies performed in Japan. Whether it is
effective for the patients of other countries needs subsequent
follow-up reports. Second, the treatment duration was not clearly
reported in several studies. Thus, we could not evaluate this was a
long-term or short-term effect, which may result in an
overestimation or underestimation of the effectiveness of
suvorexant on delirium prevention. Third, the sample size was
small. This may be also another one reason to influence the
efficacy estimation for suvorexant. Furthermore, the safety of
suvorexant use in clinic remained indefinite by our analysis
because only 2 articles recorded the adverse events. Our
conclusion showing no significant difference in the incidence
of adverse drug reactions between suvorexant and control groups
was different from the previous study of suvorexant during
treatment of insomnia.[34] Fourth, more than half of the included
studies were retrospective in nature. This may cause unavoidable
bias in selection of the patients. Fifth, although our subgroup
revealed suvorexant may be more effective for treatment of
the incidence of delirium. CI = confidence interval, OR = odd ratio.

http://www.md-journal.com


Table 4

Subgroup analysis.

Comparison Studies OR (95%CI) P value I2 P value Model

Study design
Prospective 3 0.39 (0.22,0.67) .001 0.0 .384 F
Retrospective 4 0.25 (0.15,0.42) <.001 37.4 .188 F

Diagnostic criteria
DSM-5 4 0.36 (0.21,0.62) <.001 0.0 .464 F
CAM-ICU 2 0.28 (0.16,0.49) <.001 72.6 .056 R
ICDSC 1 0.11 (0.01,0.87) .036 - - -

Source of patients
ICU 2 0.45 (0.23,0.88) .019 0.0 .581 F
Non-ICU/mixed 5 0.26 (0.16,0.41) <.001 36.7 .177 F

Mean age
< 65 years 1 0.35 (0.11,1.12) .076 - - F
> 65 years 4 0.23 (0.10,0.54) .001 45.4 .139 F
Unclear 2 0.45 (0.24,0.85) .015 0.0 .378 F

Male percentage
< 65% 2 0.16 (0.07,0.34) .005 0.0 .523 F
> 65% 3 0.39 (0.21,0.75) <.001 1.6 .362 F
Unclear 2 0.45 (0.24,0.85) .015 0.0 .378 F

Control design
Sleep inducers 4 0.29 (0.16,0.55) <.001 26.0 .256 F
Other 3 0.24 (0.07,0.89) .033 43.2 .172 F

Sample size
<100 4 0.29 (0.16,0.55) <.001 0.0 .585 F
>100 3 0.24 (0.07,0.89) <.001 59.4 .085 F

CAM-ICU = Confusion Assessment Method for the Intensive Care Unit, CI = confidence interval, DSM-5 = Diagnostic and Statistical Manual of Mental Disorders, 5th Edition, F = fixed-effect model, ICDSC =
Intensive Care Delirium Screening Checklist, ICU = intensive care unit, OR = odd ratio, R = random-effect model.
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elderly patients (>65 years), the present limitation was that we
divided the articles into 2 age groups only based on the mean age.
No included studies performed the effect evaluation indepen-
dently in the population with age>65 or<65 years.[35] Likewise,
sex stratification analysis (male or female) was also not
conducted.[35] Sixth, there was no evidence to compare
suvorexant with other delirium preventative therapeutic agents
Figure 3. Forest plots showing the overall effects of suvorexant on time to deli
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(such as haloperidol,[36] melatonin,[37] dexmedetomidine, olan-
zapine, and risperidone[38]). Accordingly, prospective RCTs
studies with larger sample size, more control groups (especially
other delirium preventative drugs) and specific population (age
>65 or <65 years; female and male) should be designed in the
future to further validate the clinical value of suvorexant for
delirium.
rium onset. CI = confidence interval. SMD = standardized mean difference.



Figure 4. Sensitivity analysis for the incidence of delirium. CI = confidence interval.
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5. Conclusion

This current meta-analysis findings support the use of suvorexant
could prevent the development of delirium in all hospitalized
patients. Its impacts on hospital mortality, adverse events, length
of ICU stay, length of hospital stay, and time on ventilation need
additional well-designed prospective RCTs to confirm.
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