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ABSTRACT
Objective: The aim of this study was to examine the effectiveness of 
ramelteon and suvorexant for delirium prevention in real-world practice. 
It explored whether ramelteon and/or suvorexant would affect delirium 
prevention among both patients at risk for but without delirium (patients at 
risk) and those with delirium the night before a consultation.

Methods: This multicenter, prospective, observational study was conducted 
by trained psychiatrists at consultation-liaison psychiatric services from 
October 1, 2017, to October 7, 2018. Patients who were aged 65 years or 
older and hospitalized because of acute diseases or elective surgery, had 
risk factors for delirium, and had insomnia or delirium on the night before 
the consultation were prescribed ramelteon and/or suvorexant. The decision 
to take medication was left to the discretion of each patient. The primary 
outcome was incidence of delirium based on the Diagnostic and Statistical 
Manual of Mental Disorders, Fifth Edition, during the first 7 days.

Results: Among 526 patients at risk, those taking ramelteon and/or 
suvorexant developed delirium significantly less frequently than those 
who did not, after control for the effects of risk factors on the estimate 
of an independent association between the effects of ramelteon and/or 
suvorexant and the outcome of developing delirium (15.7% vs 24.0%; odds 
ratio [OR] = 0.48;, 95% CI, 0.29–0.80; P = .005). Similar results were found 
among 422 patients with delirium (39.9% vs 66.3%; OR = 0.36; 95% CI, 
0.22–0.59; P < .0001).

Conclusions: Ramelteon and suvorexant appear to be effective for delirium 
prevention in real-world practice.

J Clin Psychiatry 2020;81(1):19m12865

To cite: Hatta K, Kishi Y, Wada K, et al. Real-world effectiveness of ramelteon and 
suvorexant for delirium prevention in 948 patients with delirium risk factors.  
J Clin Psychiatry. 2020;81(1):19m12865.
To share: https://doi.org/10.4088/JCP.19m12865
© Copyright 2019 Physicians Postgraduate Press, Inc.

aDepartment of Psychiatry, Juntendo University Nerima Hospital, Tokyo, Japan
bDepartment of Psychiatry, Nippon Medical School Musashikosugi Hospital, 
Kawasaki, Japan
cDepartment of Psychiatry, Hiroshima City Hospital, Hiroshima, Japan
dDepartment of Psychiatry, Tokyo Medical and Dental University, Tokyo, Japan
eDepartment of Psychiatry, Tokushima Prefectural Central Hospital, Tokushima, Japan
fDepartment of Psycho-oncology, Tokyo Metropolitan Cancer and Infectious Diseases 
Center Komagome Hospital, Tokyo, Japan
gDepartment of Psychiatry, Fukuyama City Hospital, Fukuyama, Japan
hDepartment of Psychiatry, Kurashiki Central Hospital, Kurashiki, Japan
iDepartment of Psychiatry and Neurosciences, Hiroshima University Hospital, 
Hiroshima, Japan
jDepartment of Psychiatry, Kurume University School of Medicine, Kurume, Japan
kDepartment of Environmental and Preventive Medicine, Kanazawa University 
Graduate School of Medical Science, Kanazawa, Japan
*Corresponding author: Kotaro Hatta, MD, PhD, Department of Psychiatry, Juntendo 
University Nerima Hospital, Takanodai 3-1-10, Nerima-ku, Tokyo 177-8521, Japan 
(khatta@juntendo.ac.jp).

The fundamental concept of delirium involves 
altered consciousness and fluctuations caused 

by the direct physiologic consequence of another 
medical condition, substance intoxication or 
withdrawal, or exposure to a toxin; delirium can 
also be the result of multiple etiologies.1,2 Although 
delirium has traditionally been considered 
transient, a growing body of literature suggests 
that this is not necessarily true. Delirium has been 
shown to be independently associated with an 
increased risk of death.3 Furthermore, delirium 
reportedly increases the risk of incident dementia 
and is associated with worsening dementia severity, 
deterioration in global functioning score, and loss 
of 1 point or more per year on the Mini-Mental 
State Examination (95% CI, 0.11–1.89) compared 
with those with no history of delirium.4 These 
associations are very likely due to the vulnerability 
to delirium caused by preclinical neuropathologic 
processes and to the worsening of dementia 
associated with an increased likelihood of delirium. 
Therefore, the importance of delirium prevention 
has been increasingly recognized. Evidence shows 
that multicomponent, nonpharmacologic delirium 
prevention interventions are effective in reducing 
delirium incidence and preventing falls, with trends 
toward decreasing length of stay in the hospital 
and nonsignificant reductions in mortality.5,6 
Meanwhile, evidence related to the effectiveness 
of antipsychotic prophylaxis in patients at high 
risk for delirium remains contradictory.7–11 In our 
previous prospective observational study,12 we 
found that extrapyramidal symptoms occurred 
in 5.6% of 2,453 patients receiving antipsychotics 
to treat delirium. Such a relatively high rate of 
extrapyramidal symptoms may lead to hesitation 
about the prophylactic use of antipsychotics.

Recently, clinicians and researchers have begun 
paying attention to pharmacologic interventions 
for sleep-wake cycle disturbances, which are 
common clinical features of delirium and plausible 
contributing factors toward a pathophysiology of 
delirium given that hospitalized patients experience 
multiple sleep alterations, including sleep loss, 
sleep fragmentation, and sleep-wake cycle 
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disorganization. In addition, some emerging literature13,14 
has suggested that the function of the period clock gene 
may be disturbed in delirium. Additionally, diurnal sleep/
melatonin dysregulation and orexin neurotransmission 
deserve further mention because of their key role in 
sleep-wake cycle regulation.15 Melatonin has a variety of 
physiologic functions, such as regulating circadian rhythms, 
vasomotor responses, sleep, retinal neuromodulation, and 
inflammatory and immune processes and scavenging 
oxidative stress.16 Nocturnal secretion, a major 
characteristic of melatonin, promotes sleep with nocturnal 
hypotensive, vasodilating, and hypothermic actions. 
However, the nocturnal secretion of melatonin decreases 
with age.17 This finding may have clinical implications, such 
that hospitalized older patients may be more vulnerable to 
circadian-related sleep-wake disturbances, and hence to 
delirium, because of their much lower peak of melatonin 
secretion. 

Orexin is an alerting neuropeptide, and orexin signaling 
is necessary for normal circadian regulation of consolidated 
wakefulness. Accordingly, as compared with melatonin, 
orexin is predominantly secreted during the daytime in 
humans.18 Interestingly, patients with moderate-to-severe 
Alzheimer’s disease have been reported to have higher 
mean orexin levels in cerebrospinal fluid and significantly 
impaired nocturnal sleep compared with patients with 
mild Alzheimer’s disease and controls.19 Furthermore, 
significantly higher levels of orexin have been found in the 
brains of rats with acute pancreatitis compared with healthy 
controls.20 As dementia and inflammation are risk factors 
for delirium, it is possible that patients with delirium have 
increased orexin levels, which would account for the resultant 
sleep-wake disturbances.21 Therefore, we hypothesized 
that supplying a melatonin receptor agonist and an orexin 
receptor antagonist in the evening could prevent delirium 
subsequent to improving sleep-wake cycle disturbances. To 
our knowledge, 3 randomized controlled trials (RCTs)22–24 
to date have reported the effects of melatonin on delirium 
prevention to some extent. In addition, 2 RCTs25,26 have 
shown that ramelteon, a more potent melatonin receptor 
agonist than melatonin, has preventive effects on delirium. 
Moreover, 2 RCTs27,28 have shown that suvorexant, a potent 
and selective orexin antagonist, affects delirium prevention. 
Due to the few known side effects and the preventive effects 
of this melatonin receptor agonist and orexin receptor 

antagonist on delirium, their use to treat patients at risk for 
delirium is increasing.

The aim of the present study was to examine the 
effectiveness of ramelteon and suvorexant on delirium 
prevention in real-world practice. First, we hypothesized 
that ramelteon and/or suvorexant would help prevent 
delirium among patients at risk for but without delirium on 
the night before the consultation. Second, we hypothesized 
that ramelteon and/or suvorexant would help prevent 
delirium even among patients with delirium on the night 
before the consultation.

METHODS

Study Design
This multicenter, prospective, observational study 

proceeded over a 1-year period (from October 1, 2017, to 
October 7, 2018). All study protocols were approved by the 
institutional review board of Juntendo University Nerima 
Hospital and each relevant institutional review board. The 
approved protocol did not require informed consent from 
the patients, as the protocol did not differ from ordinary 
practice and because the data remained anonymous and 
were analyzed in aggregate. Instead, we posted a notice in 
each hospital providing a means for patients to opt out.

Setting
This study was conducted by trained psychiatrists 

as consultation-liaison psychiatric services in 9 general 
hospitals located all over Japan. The period of enrollment 
was 1 year (from October 1, 2017, to September 30, 2018), 
and that of exposure or follow-up was 7 days.

Participants
Eligible patients were aged 65 years or older and were 

hospitalized because of acute disease or elective surgery, 
with the following risk factors for delirium: dementia/mild 
cognitive impairment (MCI), current hip fracture, severe 
illness (that is, a clinical condition that is deteriorating 
or at risk of deterioration),29 or a history of delirium and 
with insomnia or delirium on the night before registration. 
Patients who could not take medicine orally, who took 
antipsychotic drugs, or who refused to allow their data to be 
used were excluded. All patients received multicomponent, 
nonpharmacologic delirium prevention interventions 
by nurses.29 Patients who still had altered arousal at the 
time of consultation were excluded. On the night before 
the consultation, all patients had the hyperactive subtype 
of delirium, as the patients with the hypoactive or mixed 
subtype did not become alert at the time of consultation.

All patients were introduced into consultation-liaison 
psychiatric services by the physician or nurse in charge, 
assessed by trained psychiatrists, and prescribed ramelteon 
(8 mg/d) and/or suvorexant (15 mg/d). The package inserts 
of both drugs indicate that administration should be within 
30 minutes of going to bed. Therefore, hospitalized patients 
who require these drugs are suggested to take them at 

Clinical Points
 ■ Despite some success regarding the preventive effects 

of ramelteon and suvorexant on delirium in randomized, 
placebo-controlled trials, no strong evidence regarding 
the effectiveness of these medications in real-world 
practice has been reported.

 ■ For patients at risk for delirium and those with delirium 
on the night before a consultation, ramelteon and 
suvorexant are viable considerations for delirium 
prevention.
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around 9:00 pm. However, melatonin secretion begins to 
increase in the early evening, and the lag in elevated plasma 
melatonin levels from sunset to nighttime increases with 
age.17 Therefore, some consultation-liaison psychiatrists 
instruct hospitalized older patients prescribed ramelteon 
to take the drug at around 7:00 pm. Patients who took 
ramelteon at 7:00 pm and did not feel sleepy by around 9:00 
pm were suggested to take suvorexant. The decision to take 
the medications was left to the discretion of each patient, 
so several patterns of administration for both drugs were 
observed.

Variables and Measurement
The patients’ demographic and clinical characteristics, 

including age; sex; presence or absence of dementia/
MCI; previous delirium; admission diagnosis; emergency 
hospitalization; duration until the beginning of the 
intervention after hospitalization; habitual use of alcohol; 
habitual use of benzodiazepine receptor agonists, opioids, and 
corticosteroids; discontinuation of habitual benzodiazepine 
receptor agonists at the beginning of the intervention; serum 
levels of C-reactive protein at the beginning and end of 
the intervention; and adverse events, were recorded. Also, 
sleep-wake cycle disturbances were evaluated according 
to item 1 of the Delirium Rating Scale-Revised-98, from 0 
(not present) to 3 (severe disruption) at both the beginning 
and end of the intervention (reference 30 and P. T. Trzepacz, 
MD; J. R. Maldonado, MD; J. Kean, PhD; et al, unpublished 
manuscript, 2010).

The primary outcome was the incidence of delirium 
during the first 7 days after the administration of ramelteon 
and/or suvorexant. The Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5),2 criteria were 
used to diagnose delirium. All delirium evaluations were 
performed by trained psychiatrists.

Statistical Analyses
Patients were divided into 2 groups: those at risk for but 

without delirium (patients at risk) and those with delirium 
(patients with delirium) on the night before the 7-day 
observational period. As the decision to take ramelteon and/
or suvorexant was left to the discretion of each patient, each 
group included patients taking and not taking ramelteon and/
or suvorexant (Figure 1). For patients who were discharged 
before the end of the 7-day observational period, data during 
hospitalization were utilized.

To examine whether ramelteon and/or suvorexant would 
help prevent delirium in patients at risk for but without 
delirium on the night before registration, we compared 
patients taking and not taking ramelteon and/or suvorexant. 
Next, to examine whether ramelteon and/or suvorexant 
would help prevent delirium even in patients with delirium 
on the night before registration, we compared patients taking 
and not taking ramelteon and/or suvorexant.

Data were collected on standardized forms, and statistical 
analyses were performed using SPSS (version 25-J; IBM Japan; 
Tokyo, Japan). Differences between categorical variables in 

the patients’ demographics and clinical characteristics were 
calculated using the Fisher exact test. Differences between 
sequential variables were calculated using unpaired t tests 
(with Welch correction if applicable). If data were not 
sampled from Gaussian distributions, a nonparametric 
test (Mann-Whitney test) was used. We constructed 
multivariate logistic regression models to control for risk 
factors in estimating independent associations between the 
effects of ramelteon and/or suvorexant and the outcome of 
delirium as an exploratory analysis. Kaplan-Meier curves 
were used to estimate the probability of developing delirium 
at 7 days. All statistical tests were 2-tailed. Differences were 
considered statistically significant at P < .05.

RESULTS

Overall, 967 patients (517 [53.5%] men; mean [SD] 
age = 79.6 [9.1] years) at high risk for delirium were consulted 
between October 1, 2017, and September 30, 2018, among 
whom 541 were at risk for but without delirium and 425 had 
delirium on the night before the consultation. One patient 
who chose to opt out was excluded (Figure 1).

Patients at Risk for but Without Delirium  
on the Night Before the Consultation

Among 541 patients at risk for but without delirium 
on the night before the consultation, 15 were excluded 
because they were currently taking antipsychotics (n = 7) or 
trazodone (n = 8) despite the prescription of ramelteon and/
or suvorexant. In total, 401 patients chose to take ramelteon 
and/or suvorexant; the remaining 125 chose not to take 
these drugs at their discretion because of subjective ease of 
sleep or a dislike of sleeping tablets. Significant differences 
were observed at the beginning of intervention between 
the two groups in age, duration until the beginning of the 
intervention after hospitalization, history of delirium, some 
admission diagnoses, emergency hospitalization, use of 
opioids and corticosteroids, and discontinuation of habitual 
benzodiazepine receptor agonists (Table 1).

Patients who took ramelteon and/or suvorexant 
developed delirium significantly less frequently than those 
who did not (15.7% vs 24.0%, respectively; relative risk 
[RR] = 1.53; 95% CI, 1.04–2.25, P = .043). As significant 
differences between groups were observed for several 
variables, we constructed multivariate logistic regression 
models to control for the effects of such risk factors on the 
estimate of an independent association between ramelteon 
and/or suvorexant effects and the outcome of developing 
delirium. Even after control for the effects of these risk 
factors, ramelteon and/or suvorexant was still significantly 
associated with a lower incidence of delirium (odds ratio 
[OR] = 0.48; 95% CI, 0.29–0.80; P = .005). Interestingly, 
although no significant differences in sleep-wake cycle 
disturbance scores were observed between groups at the 
beginning of the intervention, significant improvements 
were seen at the end of the intervention in patients taking 
ramelteon and/or suvorexant (P = .0003; Table 1).
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Among 526 patients at risk for but without 
delirium on the night before the consultation, 
Kaplan-Meier estimates of the interval to the 
development of delirium were 7.24 days (95% CI, 
7.06–7.43 days) and 6.90 days (95% CI, 6.52–7.29 
days) for those taking and not taking ramelteon 
and/or suvorexant, respectively (Figure 2). A 
comparison using the log rank test showed that 
delirium developed significantly less frequently 
in patients taking ramelteon and/or suvorexant 
compared with those who were not (χ2 = 4.43, 
P = .035).

No serious adverse events were observed, but 
6 patients (1.5%) showed sleepiness as an adverse 
event potentially attributable to ramelteon or 
suvorexant.

Among the 401 patients taking ramelteon and/
or suvorexant, the details regarding prescription 
patterns and the incidence of delirium, shown 
as n/total n (%), were as follows: ramelteon at 
7:00 pm, 4/54 (7.4%); suvorexant at 7:00 pm, 2/9 
(22.2%); ramelteon at 9:00 pm, 24/117 (20.5%); 
suvorexant at 9:00 pm, 15/110 (13.6%); ramelteon 
at 7:00 pm and suvorexant at 9:00 pm, 17/119 
(14.3%); and suvorexant at 7:00 pm and ramelteon 
at 9:00 pm, 1/2 (50%).

Patients With Delirium on the  
Night Before the Consultation

Among the 425 patients with delirium on the 
night before the consultation, 3 were excluded 
from the analysis because they were taking 
antipsychotics (n = 2) or trazodone (n = 1) despite 
being prescribed ramelteon and/or suvorexant. 
Overall, 333 patients chose to take ramelteon 
and/or suvorexant at their own discretion, but 

Table 1. Baseline Characteristics and Clinical Outcomes Among Patients 
at Risk for but Without Delirium on the Night Before the Consultationa

Ramelteon and/or 
Suvorexant Prescription

P ValueVariable Not Used Used
All patients, n 125 401
Age, mean (SD), y 76.7 (7.9) 79.0 (9.4) .0062
Male 62 (49.6) 213 (53.1) .54
Dementia/MCI 35 (28.0) 140 (34.9) .16
Previous delirium 12 (9.6) 69 (17.2) .046
Admission diagnosis

Neoplasm 59 (47.2) 138 (34.4) .011
Heart failure/MI 5 (4.0) 60 (15.0) .0006
Fracture 9 (7.2) 59 (14.7) .032
Infection 10 (8.0) 29 (7.2) .85
Stroke 8 (6.4) 22 (5.5) .66
Blood disease 9 (7.2) 5 (1.2) .0013
Other 25 (20.0) 88 (21.9)

Emergency hospitalization 50 (40.0) 225 (56.1) .0020
Duration until the beginning of intervention after 

hospitalization, median, d
2.0 2.0 .014

Habitual use of alcohol 26 (20.8) 78 (19.5) .80
Habitual use of benzodiazepine receptor agonists 46 (36.8) 116 (28.9) .098
Other prescribed medications

Opioids 17 (13.6) 16 (4.0) .0004
Corticosteroids 26 (20.8) 25 (6.2) < .0001

Discontinuation of habitual benzodiazepine 
receptor agonists at the beginning of 
intervention

10 (8.0) 96 (23.9) < .0001

Sleep-wake cycle disturbance, mean (SD) scoreb

At the beginning of intervention 0.80 (0.60) 0.90 (0.76) .39
At the end of intervention 0.66 (0.62) 0.44 (0.67) .0003

Delirium 30 (24.0) 63 (15.7) .043
Adverse event potentially attributable to 

ramelteon or suvorexant
NA 6 (1.5)

C-reactive protein, mean (SD), mg/dLc

At the beginning of intervention 3.50 (5.42) 3.27 (5.56) .69
Change in values between the beginning and 

the end of intervention
0.48 (6.67) 0.85 (6.59) .62

aValues shown as n (%) unless otherwise noted.
bSleep-wake cycle disturbance was evaluated according to score on item 1 of the 

Delirium Rating Scale-Revised-98: 0 (not present) to 3 (severe disruption of sleep-wake 
cycle).

cValues for C-reactive protein are serum levels.
Abbreviations: MCI = mild cognitive impairment, MI = myocardial infarction, NA = not 

applicable.

Figure 1. Flowchart of the Study Cohort

967 Patients underwent consultation 

541 Patients with delirium risks but without delirium 
the night before the consultation 

425 Patients with delirium the night before 
the consultation 

15 Excluded
7 Took antipsychotics
8 Took trazodone

3 Excluded
2 Took antipsychotics
1 Took trazodone

541 Prescribed ramelteon and/or suvorexant 425 Prescribed ramelteon and/or suvorexant

125 Not used
30 Developed delirium 
95 Did not

401 Used 
  63 Developed delirium 
338 Did not

89 Not used 
59 Developed delirium
30 Did not 

333 Used 
133 Developed delirium
200 Did not

1 Excluded due to opt-out 
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the remaining 89 did not for reasons such as subjective ease 
of sleep or a dislike of sleeping tablets. Significant differences 
were observed between the groups in rates of dementia, some 
admission diagnoses, use of opioids, and discontinuation of 
habitual benzodiazepine receptor agonists at the beginning 
of the intervention (Table 2).

Patients taking ramelteon and/or suvorexant developed 
delirium significantly less frequently than those who did not 
(39.9% vs 66.3%; RR = 1.66; 95% CI, 1.36–2.02; P < .0001). 
As significant differences were observed between groups 
in several variables, we constructed multivariate logistic 
regression models to control for the effects of such risk factors 
on the estimate of an independent association between 
the effects of ramelteon/suvorexant and the outcome of 
developing delirium. Even after control for the effects of these 
risk factors, an association remained between ramelteon and/
or suvorexant and a lower incidence of delirium (OR = 0.36; 
95% CI, 0.22–0.59; P < .0001). Interestingly, although the 
sleep-wake cycle disturbance score at the beginning of 
the intervention was significantly worse in patients taking 
ramelteon and/or suvorexant than that in those who were 
not (P = .010; Table 2), the sleep-wake cycle disturbance score 
in patients taking ramelteon and/or suvorexant improved 
significantly compared with that in patients who were not at 
the end of the intervention (P = .0048; Table 2).

Among the 422 patients with delirium on the night before 
the consultation, Kaplan-Meier estimates of the interval 
to the development of delirium were 5.63 days (95% CI, 
5.30–5.96 days) and 4.33 days (95% CI, 3.73–4.92 days) for 
those taking and not taking ramelteon and/or suvorexant, 

respectively (Figure 2). A comparison using the log rank test 
showed that patients taking ramelteon and/or suvorexant 
developed delirium significantly less frequently than those 
who were not (χ2 = 17.94, P < .0001).

No serious adverse events were observed, but 5 patients 
(1.5%) showed sleepiness as an adverse event potentially 
attributable to ramelteon or suvorexant.

Among the 333 patients taking ramelteon and/or 
suvorexant, the details regarding prescription patterns and 
the incidence of delirium were as follows: ramelteon at 
7:00 pm, 8/56 (14.3%); suvorexant at 7:00 pm, 3/11 (27.3%); 
ramelteon at 9:00 pm, 56/105 (53.3%); suvorexant at 9:00 pm, 
29/69 (42.0%); ramelteon at 7:00 pm and suvorexant at 9:00 
pm, 34/85 (40.0%); and suvorexant at 7:00 pm and ramelteon 
at 9:00 pm, 3/7 (42.9%). The prescription patterns depended 
on the discretion of the attending psychiatrist.

DISCUSSION

Effects of Ramelteon and/or Suvorexant  
on Delirium Prevention in Patients at High Risk

In the present study, the incidence of delirium in patients 
who did not take ramelteon and/or suvorexant despite being 
at high risk for but without delirium on the night before the 
consultation was 24.0%. This rate is consistent with a previous 
report,31 in which the incidence during hospitalization was 
10%–82% in general medical and geriatric wards, intensive 
care units, and postoperative and palliative care settings. 
Remarkably, patients taking ramelteon and/or suvorexant 
developed delirium less frequently than those who were 
not. This finding from large-scale real-world practice is 
consistent with our previous RCTs involving ramelteon and 
suvorexant,25–28 which strengthens the evidence of the effects 
of ramelteon and/or suvorexant on delirium prevention.

The present study also showed that sleep-wake cycle 
disturbance scores improved significantly at the end of the 
intervention in patients taking ramelteon and/or suvorexant 
compared with those who were not. Our previous RCTs 
found no statistically significant differences in improved 
sleep-wake cycle disturbance between the ramelteon and/
or suvorexant and placebo groups25,27; however, this lack 
of significant differences may have been because of the 
relatively small sample size in comparison with the present 
study, which had a large sample size. This finding suggests 
that improvements in sleep-wake cycle disturbance through 
the administration of ramelteon and/or suvorexant are a 
contributing factor for delirium prevention.

Effects of Ramelteon and/or Suvorexant  
on Delirium Prevention in Patients With  
Delirium on the Night Before the Consultation

The incidence of delirium in patients who did not take 
ramelteon and/or suvorexant despite having delirium on the 
night before the consultation was 66.3%. To our knowledge, 
no previous study has reported a similar finding in which 
two-thirds of patients with delirium on the previous night 
developed delirium again during a subsequent 7-day period 
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Figure 2. Time to Developing Deliriuma

aHigh risk – RS: patients at risk for but without delirium on the night before 
the consultation who did not take ramelteon and/or suvorexant; High 
risk + RS: patients at risk for but without delirium on the night before the 
consultation who were taking ramelteon and/or suvorexant; Delirium last 
night – RS: patients with delirium on the night before the consultation 
who did not take ramelteon and/or suvorexant; Delirium last night + RS: 
patients with delirium on the night before the consultation who were 
taking ramelteon and/or suvorexant.
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despite receiving multicomponent, nonpharmacologic delirium 
prevention interventions.

Although antipsychotics have been used in the past, we use 
ramelteon and/or suvorexant as a first-line treatment to prevent 
next-night delirium in patients with delirium on the previous night. 
In the present study, patients taking ramelteon and/or suvorexant 
developed delirium significantly less frequently than those who were 
not. This finding is meaningful because it could lead to a decrease 
in the prescription of antipsychotics to older people. Our prospective 
observational study12 involving 2,453 patients receiving antipsychotics 
for delirium showed a rate of extrapyramidal symptoms of 5.6%, 
whereas only 1.5% of patients receiving ramelteon and/or suvorexant 
showed sleepiness. Therefore, ramelteon and/or suvorexant appears to 
offer an advantage over antipsychotics in terms of safety.

The sleep-wake cycle disturbance score improved significantly in 
patients taking ramelteon and/or suvorexant compared with those who 
were not at the end of the intervention. This finding strengthens the 
evidence of the effects of ramelteon and/or suvorexant on delirium 
prevention and improved sleep-wake cycle disturbance.

Clinical Significance of Ramelteon and/or 
Suvorexant on Delirium Prevention

As the incidences of delirium in patients taking 
and not taking ramelteon and/or suvorexant 
were 15.7% and 24.0%, respectively, the risk of 
delirium was about 8% lower among those at risk 
for but without delirium on the night before the 
consultation who were taking compared with 
not taking ramelteon and/or suvorexant. The 
difference was statistically significant, but small, 
mainly because of the relatively low incidence of 
delirium in the patients who did not take either 
drug. By contrast, the incidence of delirium in 
patients who had delirium on the night before 
the consultation and did not take either drug was 
high (66.3%), meaning that the risk of delirium 
was about 26% lower with ramelteon and/or 
suvorexant use compared with nonuse; therefore, 
ramelteon and suvorexant appear to be effective 
for delirium prevention among patients at risk 
for delirium and especially among those with 
delirium on the night before the consultation. 
This finding could lead to a decrease in the use 
of antipsychotics to treat delirium and warrant 
replication in similar large-scale studies.

Another interesting finding involved the 
effects of the timing of the drug administration. 
The incidence of delirium in patients taking 
ramelteon at 7:00 pm was much lower than that in 
patients taking ramelteon at 9:00 pm among those 
at risk for but without delirium on the night before 
the consultation (n/total n [%] = 4/54 [7.4%] vs 
24/117 [20.5%]) and among those with delirium 
on the night before the consultation (n/total n 
[%] = 8/56 [14.3%] vs 56/105 [53.3%]). These 
strong effects of administration time emphasize 
the need for both placebo-controlled trials and the 
development of best practices regarding the use of 
sleep medication for preventing delirium.

Finally, it is worth discussing the difference 
between delirium and “sundowning” (ie, agitation 
later in the day in patients with dementia). In this 
study, patients with delirium on the night before 
but not at the time of the consultation were 
included. Although their disturbances had lasted 
only a few hours, they could have reappeared as a 
result of fluctuations in severity during the course 
of a day, as described by the DSM-5.2 Indeed, 
66.3% of patients who did not take ramelteon and/
or suvorexant developed delirium within 1 week 
(Table 2). All patients were hospitalized because of 
acute physical illness or surgery, so the existence 
of pathophysiologic changes associated with 
delirium, such as acute inflammation or hypoxia, 
was evident; this is one of the diagnostic criteria 
for delirium in the DSM-5. Furthermore, only 
patients with disturbances in attention, awareness, 

Table 2. Baseline Characteristics and Clinical Outcomes Among Patients 
With Delirium on the Night Before the Consultationa

Ramelteon and/or 
Suvorexant Prescription

P ValueVariable Not Used Used
All patients 89 333
Age, mean (SD), y 81.6 (8.8) 80.9 (9.1) .55
Male 50 (56.2) 180 (54.1) .81
Dementia/MCI 30 (33.7) 172 (51.7) .0028
Previous delirium 14 (15.7) 60 (18.0) .75
Admission diagnosis

Infection 26 (29.2) 68 (20.4) .086
Neoplasm 20 (22.5) 57 (17.1) .30
Fracture 4 (4.5) 42 (12.6) .034
Heart failure/MI 7 (7.9) 41 (12.3) .35
Stroke 10 (11.2) 13 (3.9) .015
Respiratory failure 3 (3.4) 11 (3.3) 1.00
Other 19 (21.3) 101 (30.3)

Emergency hospitalization 71 (79.8) 246 (73.9) .27
Duration until the beginning of intervention after 

hospitalization, median, d
5.0 5.0 .53

Habitual use of alcohol 13 (14.6) 48 (14.4) 1.00
Habitual use of benzodiazepine receptor agonists 15 (16.9) 81 (24.3) .16
Other prescribed medications

Opioids 8 (9.0) 12 (3.6) .047
Corticosteroids 7 (7.9) 23 (6.9) .82

Discontinuation of habitual benzodiazepine 
receptor agonists at the beginning of 
intervention

8 (9.0) 76 (22.8) .0027

Sleep-wake cycle disturbance, mean (SD) scoreb

At the beginning of intervention 1.78 (0.56) 1.99 (0.72) .010
At the end of intervention 1.03 (0.75) 0.79 (0.87) .0048

Delirium 59 (66.3) 133 (39.9) < .0001
Adverse event potentially attributable to 

ramelteon or suvorexant
NA 5 (1.5)

C-reactive protein, mean (SD), mg/dLc

At the beginning of intervention 6.17 (5.81) 5.79 (6.30) .34
Change in values between the beginning and 

the end of intervention, mean (SD)
−2.32 (5.89) −2.34 (6.32) .88

aValues shown as n (%) unless otherwise noted.
bSleep-wake cycle disturbance was evaluated according to score on item 1 of the 

Delirium Rating Scale-Revised-98: 0 (not present) to 3 (severe disruption of sleep-wake 
cycle).

cValues for C-reactive protein are serum levels.
Abbreviations: MCI = mild cognitive impairment, MI = myocardial infarction, NA = not 

applicable.
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and cognition that could not be better explained by another 
preexisting, established, or evolving neurocognitive disorder 
as defined by the DSM-52 were included in this study.

By contrast, sundowning has been observed to represent 
the second most common type of disruptive behavior after 
wandering in institutionalized patients with dementia and 
has frequently been described as “endemic” in nursing 
homes hosting cognitively impaired older patients.32 At the 
same time, it has also been commonly described among 
community-dwelling individuals with dementia illnesses.33 
In contrast to delirium, however, no standardized diagnostic 
criteria have been formulated for sundowning because of the 
lack of consensus surrounding its definition.34

Therefore, delirium is well established and appears 
in the DSM-5, whereas sundowning remains undefined 
and a subject of controversy, mainly because of its limited 
evaluation in homes and nursing homes. This ambiguity 
surrounding sundowning could be explained by the existence 
of some type of short-lasting delirium in the evening that 
overlaps sundowning or by the fact that some types of 
sundowning may be considered a subtype of delirium. 
A systematic review35 reports that sundowning/agitated 
behavior improves with melatonin treatment in patients with 
dementia. The results of the present study suggest that the 
administration of ramelteon and/or suvorexant could also 
help with such conditions.

Strengths and Limitations
A strength of the present study is that it was a full survey 

of nearly 1,000 eligible patients, which reflects real-world 
practice. At the same time, this study was observational in 
nature and is therefore subject to some potential limitations. 
First, as mentioned above, several differences were noted in 
the demographic and clinical characteristics of the patients 

taking and not taking ramelteon and/or suvorexant at their 
own discretion, such as subjective ease of sleep or a dislike of 
sleeping tablets. In addition, the patients with delirium on the 
night before the consultation could have experienced subtle 
aberrations in their decision-making ability that affected 
their capacity to consent to taking the study drugs. This point 
may generally be a potential concern in inpatients at risk for 
delirium, but such patients with a clear consciousness who 
do not pose an immediate danger to themselves or others 
cannot be compelled to take medication.

Unexpectedly, patients at risk for but without delirium 
on the night before the consultation who chose not to take 
the medications were not necessarily more cognitively 
impaired than those who did (dementia/MCI: not used 
28.0% vs used 26.1%; P = .16; Table 1). In addition, fewer 
cognitively impaired than not cognitively impaired patients 
with delirium on the night before the consultation chose not 
to take the medications (dementia/MCI: not used 33.7% vs 
used 51.7%; P = .0028; Table 2). Therefore, whether to accept 
the recommendation from physicians or nurses to take the 
medications may have depended on the personality of each 
patient and not on the presence of MCI. To mitigate this 
limitation, we constructed multivariate logistic regression 
models.

Second, the individuals who assessed the patients’ state 
and symptoms and devised their therapeutic plans were not 
independent. However, the psychiatrists who participated 
in this study were all well-trained and always discussed each 
patient’s condition with his or her consultation-liaison team 
members.

The present findings are considered to be generalizable 
to patients at risk for or with delirium on the night before a 
consultation associated with medical or surgical diseases but 
not to patients in a delirious state.
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