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Abstract

To investigate the efficacy of exogenous administration of melatonin and melatonin receptor agonists for the improvement of
delirium, sleep, and other clinical outcomes of subjects in the intensive care unit (ICU). We carefully searched three electronic
databases, i.e., Pubmed/Medline, Embase, and Cochrane library, to retrieve randomized controlled trials (RCTs) administrating
melatonin or melatonin receptor agonists to adult subjects admitted to the ICU. Useful data such as the prevalence of delirium,
duration of sleep, number of awakenings per night, duration of mechanical ventilation, and ICU stay as well as in-ICU mortality
were extracted and pooled by using a random effect model. Eight RCTs were included in the qualitative analysis. Administration
of exogenous melatonin and melatonin receptor agonists was associated with a trend towards elongated duration of sleep (pooled
weighted mean difference/WMD = 0.43; 95% confidence intervals/Cls, —0.02~0.88, p = 0.063) and could decrease the number
of awakenings per night (pooled WMD =—2.03; 95% Cls, —3.83~—0.22, p =0.028). Meanwhile, participants in the treatment
group showed a significantly reduced prevalence of delirium (pooled risk ratio/RR =0.49; 95% Cls, 0.28~0.88, p=0.017) and
duration of ICU stay (pooled WMD =—0.32; 95% CI, — 0.56~—0.07, p = 0.002) in comparison with those in the control group.
Exogenous administration of melatonin and melatonin receptor agonists could improve the sleep of subjects in the intensive care
units, which may play an important role in decreasing the prevalence of delirium and shortening duration of ICU stay.
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Introduction

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s11325-019-01831-5) contains supplementary

material, which is available to authorized users. Melatonin is the major natural neurohormone produced by the

pineal gland and known to manifest diverse physiologic ac-
tions including anti-inflammatory, antitoxic, hypnotic, anti-
convulsive, sedative, and analgesic properties as well as an
effect on the regulation of circadian rhythm [1]. Secretion
rhythm of melatonin in patients admitted to the intensive care
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unit (ICU) has been demonstrated to be severely suppressed
due to notorious environmental factors such as noise, 24-h
artificial light and limited natural light exposure, greater se-
verity of illness compared with the general wards, and univer-
sal application of sedative and narcotic drugs, which may
further contribute to increased awakenings per night as well
as shortened duration and compromised quality of sleep [2, 3].
Meanwhile, sleep deprivation, affected sleep-wake cycle, and
abnormal melatonin excretion are associated with the occur-
rence of delirium, a frequently encountered organ dysfunction
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in critically ill patients with an incidence ranging from 45 to
87% [4, 5]. Delirium is characterized by consciousness disor-
der with cognitive change (hyperactive, hypoactive, or mixed
form) and is a well-known risk factor for prolonged duration
of mechanical ventilation and ICU stay, higher mortality,
greater risk of cognitive sequelae, and more hospital costs
[5-7]. It has been demonstrated that sleep deprivation and
delirium affect the same region (mainly the prefrontal and
parietal cortexes) of the central nervous system with similar
neurohormonal changes (decreased acetylcholine or increased
dopamine levels) [2].

In comparison with melatonin, melatonin receptor agonists
(e.g., ramelteon and tasimelteon) have a longer half-life and
higher absorptivity [8]. Clinical trials have suggested that ex-
ogenous melatonin and melatonin receptor agonists can be
used to treat insomnia and anxiety without inducing any ad-
verse effect on psychomotor and cognitive performance
[8-10]. Moreover, unlike conventional sedatives, melatonin
does not worsen hypoxemia or respiratory responses at night
[10, 11]. Considering the potential role of melatonin in the
development of sleep disorder and delirium in the ICU, the
prophylactic use of melatoninergic agents is emerging as an
attractive therapeutic supplementary option. However, studies
exclusively assessing the impact of exogenous administration
of' melatonin or melatonin receptor agonists on patients in [CU
are few and small scale; meanwhile, study designs and applied
evaluation indicators of these investigations are heterogenous,
which restrict the generalizability of their conclusion [12, 13].

A former systematic review [12] attempting to address the
impact of melatonin for the improvement of sleep in adults
admitted to ICU was published in 2018. However, we noticed
that authors only retrieved four studies including one low-
quality randomized controlled trial/RCT [14] and did not con-
duct quantitative analysis. On the other hand, multiple eligible
randomized controlled trials and some important outcomes
such as delirium occurrence and sleep duration were neglected
by this article. Therefore, we performed this updated system-
atic exploration to further examine whether the routine admin-
istration of melatonin and melatonin receptor agonists was
effective for improving sleep, delirium, and prognosis of sub-
jects in ICU.

Methods

The checklist of the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) statement was
followed in the conduction of this investigation [15].
Processes including electronic searches, reference lists screen-
ing, study selection, data extraction, assessment of risk of bias,
and summary estimate pooling were performed by two inves-
tigators (QY Zhang and FQ Gao) independently. Any dis-
agreement was resolved by discussion and consensus. Due
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to the fact that all required data were retrieved from published
articles, informed consent or ethics approval was not required.

Literature search

We searched three electronic databases, i.e., Pubmed/Medline,
Embase, and Cochrane library (from inception to August 30,
2018), by using queries combined by the following terms:
(melatonin OR ramelteon OR tasimelteon OR agomelatine
OR TIK 301 OR melatonin receptor agonist) AND (delirium
OR sleep) AND (intensive care unit OR ICU). Reference lists
of classic and related literatures (especially reviews and meta-
analyses) about the use of melatonin and melatonin receptor
agonists in ICU patients were also carefully screened to re-
trieve additional eligible articles not identified by electronic
database searching. There were no language or data
restrictions.

Inclusion and exclusion criteria

Studies were included in the qualitative analysis if they con-
firmed the criteria listed as below: (1) randomized controlled
clinical trials; (2) subjects were those admitted to intensive
care unit with any diagnosis; (3) melatonin or melatonin re-
ceptor agonists were prophylactically used after admission to
ICU; and quantitative analysis if (4) sleep, delirium, and other
clinical variables were provided as endpoints. Exclusion
criteria of this investigation were as follows: (1) patients
who had already received melatonin or melatonin receptor
agonists prior to the admission to ICU; (2) study protocols,
letters, correspondences, and conference addressing; and (3)
animal studies. We first removed redundant and unrelated re-
cords by reading the titles and abstracts. Then, the full texts of
the remainders were downloaded to confirm their eligibility
based on the above criteria.

Data collection

The following information were collected from the included
articles: first author’s family name, year of publication, study
design, inclusion criteria of subjects, type and dosage of used
agent, the number of participants in the treatment group and
the control group, demographic and clinical characteristics of
enrolled subjects (e.g., age, sex, admission diagnosis, and ap-
plication of mechanical ventilation), endpoint parameters of
interest (e.g., delirium incidence and duration, duration of me-
chanical ventilation and ICU stay, mortality, and related ad-
verse events), and adopted evaluation methods. Continuous
variables were presented as means with standard deviations
(SDs) and, where not available, we approximated them using
sample sizes, medians, ranges, and interquartile ranges ac-
cording to Wan and Luo’s methods [16, 17]. Meanwhile,
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binary variables were expressed through the number of events
and frequency in percentage.

Risk of bias assessment

A tool [18] provided by the Cochrane handbook was used to
appraise the risk of bias of included studies, which consisted
of seven domains, i.e., random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
blinding of outcome assessment, reporting of incomplete out-
come data, selective reporting, and other biases. Each item
was judged as low, unclear, and high risk according to the
information provided by original articles. Results of the meth-
odological quality assessment were summarized in a standard-
ized figure.

Statistical analysis

Stata for Windows (12.0 Version, StataCorp, College Station,
TX, USA) was implemented to conduct the quantitative anal-
ysis and produce forest plots. Evaluation parameters of inter-
est were combined by using a random effect model. For binary
data, pooled risk ratio (RR), as well as related 95% confidence
intervals (Cls), was adopted, and a pooled 95% CI not cover-
ing 1 indicated a significant difference between two groups;
meanwhile, pooled weighted mean difference (WMD) or stan-
dardized mean difference (SMD), as well as related 95% Cls,
was used to evaluate continuous data, and a 95% CI not cov-
ering 0 revealed a statistical difference. Heterogeneity degree
across included studies was appraised using /> statistic, with
an I* of >50%, demonstrating a statistically significant het-
erogeneity. Then, we conducted sensitivity analyses by omit-
ting studies one by one to assess the stability of results and
performed subgroup analyses to address the source for hetero-
geneity. In the event that data aggregation was infeasible, we
performed qualitative analysis.

Results
Description of included studies

A total of 158 records were screened in the electronic database
searching process and 26 additional ones were retrieved by
screening reference lists of related articles. Eventually, eight
studies were considered to be qualified for the quantitative
analysis [4, 19-25]. One RCT [14] that had been incorporated
into the previous systematic review [12] was not included in
this study for the following reasons: (1) this study did not
exclusively apply melatonin to subjects in the treatment
group; (2) there were patients who had melatonin administra-
tion stopped before the end of the study; and (3) only one
subject was available for the analysis of sleep time in each

group. The inclusion processes and reasons for exclusion were
depicted in Fig. 1.

All eight studies were blinded randomized controlled trials
published in English and among them, one [19] was triple-
blinded, six [4, 20-22, 24, 25] were double-blinded, and one
[23] claimed to be rater-blinded. Sample sizes of included
studies ranged from 20 to 88 with a total of 409 participants.
Of this total, 201 subjects were assigned to the intervention
group and 208 to the control group. Six [4, 20-22, 24, 25]
studies used melatonin (ranges from 1 to 30 mg every day) in
the intervention groups and two [19, 23] investigated the ef-
fect of ramelteon (8 mg every day). Four [20, 21, 24, 25]
studies only included mechanically ventilated patients, two
[4, 19] studies enrolled a mixture of both ventilated and non-
ventilated subjects, and one [23] study did not specify whether
recruited patients received mechanical ventilation or not.
Patients’ admission diagnoses were reported in seven [4,
19-24] studies. Seven [4, 19, 20, 22-25] studies administrated
medications with a single dose in the evening and one [21]
study was given interventions twice a day at 8 pm and mid-
night, respectively. The main characteristics of selected stud-
ies were listed in Table 1.

As for the risk of bias of the included articles, two [4, 19]
high-quality double-blinded or triple-blinded studies were rat-
ed as low risks in all seven items. The study conducted by
Hatta et al. [23] was judged with high risk in binding of par-
ticipants and personnel because nurses who managed the
study medication were unblinded to the grouping, and the
appearance of placebo in the control group did not match the
appearance of used active agent. One study [25] was judged as
unclear risk of bias in incomplete outcome data because lost to
follow-up was not clearly reported. No clinical trial registra-
tion number or document was identified in two studies [22,
25]; therefore, they were considered with an unclear risk of
selective reporting bias. Another bias was unable to be clearly
assessed in Bourne et al.’s and Mistraletti et al.’s studies be-
cause baseline characteristics were not comparable (e.g., male
and age) [21, 24]. Dianakthah et al. [20] provided no details
about the allocation concealment and blinding of outcome
assessment. Results of the risk of bias assessment were sum-
marized in Fig. 2.

Quantitative analysis
Prevalence of delirium

Three studies [4, 19, 23] involving a total of 211 subjects
recorded the prevalence of delirium of participants in the treat-
ment group and the comparison group. The pooled results
(pooled RR =0.49; 95% CI, 0.28~0.88, p=0.017; I* =
49.3%, p for heterogeneity = 0.139) showed that exogenous
administration of melatonin and melatonin receptor agonists
could significantly decrease the prevalence of delirium and no
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Fig. 1 PRISMA flow diagram of

literature research and selection
process

Records identified through
database searching
(n=158)

Additional records identified
through other sources
(n=26)

Identification

[

)

Records after duplicates removed

(n=184)

Eligibility Screening

Included

significant heterogeneity across studies were identified
(Fig. 3a).

Total sleep time

Six [19, 21-25] studies recorded sleep time of patients in the
treatment group and the control group, among which two [19,
23] studies assessed the total sleep time and four [21, 22, 24,
25] paid special attention to the nocturnal sleep time.
Definition of time available for nocturnal sleep varied in these
articles: 7 h (from midnight to 7 am) [21], 9 h (from 9 pm to 6
am) [22], 10 h (from 9 pm to 7 am) [24], and 8§ h (from 10 pm
to 6 am) [25]. Bourne et al. [24] provided four kinds of total
nocturnal sleep time by using different assessment methods
(bispectral index (BIS) [below 80], actigraphy, nurse assess-
ment, and patient assessment), among which actigraphy and
nurse assessment were the common methods adopted by other
studies while bispectral index, an updated signal-processing
technique based on the electroencephalogram (EEG), was pri-
oritized in this study and considered as a primary analysis.
Three studies [21, 23, 25] rated sleep time by observation of
beside nurses or raters, one [19] by retrospectively reviewing
the electronic charts, and one [22] by using a standard proce-
dure described by Rechtschaffen and Kales [26]. The
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-Not RCT (n=5)
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qualitative synthesis
(m=28)

A4
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(meta-analysis)

(n=8)

combined results (pooled WMD =0.43; 95% Cls, —
0.02~0.88, p=0.063; P =68.6%, p for heterogeneity <0.01)
showed that exogenous administration of melatonin and mel-
atonin receptor agonists was associated with a trend towards
longer (although not statistically different) duration of sleep
(Fig. 4a). Subgroup analysis also revealed an increased but not
statistically significant duration of sleep in the treatment group
and insignificant heterogeneity across studies after omittance
of the study conducted by Bourne and his colleagues [24]
(pooled WMD =0.29; 95% CI, —0.01~0.60, p =0.059; I* =
2.3%, p for heterogeneity = 0.393).

Meanwhile, if we adopted sleep time obtained from the
more traditional secondary analysis (actigraphy and nurse as-
sessment) of Bourne et al.’s study, the pooled WMD was listed
as below: 0.18 (95% CI, — 0.12~0.48, p = 0.028; * = 19.8%, p
for heterogeneity =0.284) and 0.11 (95% CI, —0.27~0.49,
p=0.572; P =46.1%, p for heterogeneity = 0.099) (Fig. Sla
and c). These results were stable in sensitivity analyses when
omitting studies one by one (Fig. S1b and d). Patients’ sub-
jective assessment may lead to reporting bias due to the inac-
curacy in recording their time to fall asleep and wake up.
Statistical analysis supported this view, indicating significant
heterogeneity among this set of data and data provided by
other studies with a pooled WMD of 0.03 (95% CI, —
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0.48~0.53, p=0.92; > =72.6%, p for heterogeneity = 0.003)
(Fig. Sle). Sensitivity analysis adopted sleep duration data
from patients’ assessment in Bourne et al.’s study was not
conducted due to the significant heterogeneity.

Number of awakenings per nights

Three studies [19, 22, 23] recorded the number of awakenings
per night. The combined results (pooled WMD =—2.03; 95%
CI, —3.83~0.22, p=0.028; P= 93.9%, p for heterogeneity
<0.001) showed that exogenous administration of melatonin
and melatonin receptor agonists could significantly decrease
the number of awakenings per night (Fig. 4b). Subgroup anal-
ysis showed that the majority of heterogeneity came from
different types of used agents (melatonin or ramelteon) and
administration of ramelteon could also decrease the number of
awakenings per night (pooled WMD =-0.46; 95% CI, —

0.78~0.14, p=0.005; >=0.0%, p for heterogeneity <

0.001) (Fig. 4b) [19, 23].

Duration of mechanical ventilation

One [4] study provided the accurate mean and SD for the
duration of mechanical ventilation; two [20, 21] provided
the medians and interquartile ranges for the duration of me-
chanical ventilation, and we estimated the means and SDs by
using Wan and Luo’s methods [16, 17]. The pooled results
(pooled WMD =— 1.86; 95% CI, — 4.03~0.31, p = 0.092; I> =
0.0%, p for heterogeneity = 0.646) showed that exogenous
administration of melatonin and melatonin receptor agonists
was associated with a trend towards decreased duration of
mechanical ventilation but this difference was not statistically
significant (Fig. 4c).

Duration of ICU stay

One [4] study provided the accurate mean and SD for the
duration of ICU stay and one [19] study provided log-
transformed data of the duration of ICU stay; two [20, 21]
presented medians and interquartile ranges for the duration
of ICU stay, and we estimated the mean and SD by using
Wan and Luo’s methods [16, 17]. The pooled results (pooled
SMD =-0.32; 95% CI, —0.56~ 0.07, p=0.002; * = 0.0%,
p for heterogeneity = 0.976) showed that exogenous adminis-
tration of melatonin and melatonin receptor agonists could
significantly decrease the duration of ICU stay (Fig. 4d).

Mortality during ICU

Three studies [4, 19, 23] involving a total of 210 subjects
recorded mortality at the discharge of ICU in the treatment
group and the control group. The pooled results (pooled
RR =1.07; 95% CI, 0.60~1.90, p=0.823; F=3.3%, p for

heterogeneity = 0.355) showed that exogenous administration
of melatonin and melatonin receptor agonists could not sig-
nificantly change the mortality of patients during their stay in
ICU (Fig. 3b). No significant heterogeneity across studies was
identified.

Qualitative analysis
Sleep quality

Bourne et al.’s study [24] also reported area under the curve
(AUC) for BIS, with a decreased AUC presenting better sleep
and finally, a decrease of 7% of AUC was identified in those
participants who had melatonin.

Need for sedation

Mistraletti et al. [21] recruited 82 critically ill patients with
mechanical ventilation admitted to ICU and then assigned
them to receive either melatonin (3 mg+ 3 mg) or placebo
with a ratio of 1:1. A lower amount of enteral sedatives and
antipsychotics and improved neurological indicators (e.g.,
pain, agitation, and anxiety) were observed in the treatment

group.
Safety and tolerance

Two studies [21, 24] reported adverse events that may relate to
the administration of melatonin. Bourne et al. [24] described
that one case of headache in the melatonin group was quickly
alleviated after the application of acetaminophen; Mistraletti
etal. [21] described that one subject in the treatment group had
excessive sleepiness and the administration of melatonin had
to be discontinued.

Discussion

Clinical practice guidelines about preventing and managing
pain, agitation, and delirium in adult patients in the ICU rec-
ommend optimized environment, decreased stimuli, and low
level of noise [27]. Currently, although sedatives (benzodiaz-
epines and nonbenzodiazepine hypnotic agents) are widely
used to improve sleep quantity and quality for ICU patients
as well as to control delirium-associated anxiety and agitation,
previous literature clearly proved the lack of efficacy of these
drugs [28]. Moreover, sedatives have certain depressed respi-
ratory action, which may prolong the duration of mechanical
ventilation [28, 29] and act as a risk factor for the occurrence
of delirium in ICU patients [27].

Results of now-available studies on the effect of prophy-
lactic use of melatonin in hospitalized elderly or periopera-
tive patients are controversial. Jaiswal et al. [30] refuted the
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Fig. 2 Summary of authors’ judgements about the risk of bias items for
each included study; red in the figure indicates high risk, yellow
represents unclear risk, and green means low risk

Vijayakumar 2016

effect of melatonin in improving subjective or objective
sleep quality and delirium in hospitalized non-ICU patients
older than 65 while Mousavi and his colleagues [31] pro-
posed that melatonin at a dose of 3 mg nightly was effective
in decreasing the Pittsburgh Sleep Quality Index (PSQI)
score in sulfur mustard-exposed patients. Intensive care unit
is a special clinical setting with a high incidence of delirium
and sleep deprivation. A previous study conducted by
Dessap et al. [5] showed that reduced plasma melatonin
levels were associated with unsuccessful and prolonged
weaning of ventilator, increased duration of ICU stay, and
poor prognosis. To the best of our knowledge, this is the first
systematic review and meta-analysis appraising the benefi-
cial effect of exogenous administration of melatonin and
melatonin receptor agonists for improving sleep and deliri-
um in subjects in intensive care units.

@ Springer

Among the included studies, the reported incidence of de-
lirium ranged from 3 to 50.85% in the treatment group and
from 32 to 84.81% in the control group [4, 19, 23]. The pooled
results (RR =0.49) suggested that the use of exogenous
melatoninergic agents could reduce the incidence of delirium
by about half. Melatoninergic agents possess direct antioxi-
dant activity and therefore could neutralize free radicals and
downregulate proinflammatory enzymes in the central ner-
vous system [32]. In this study, it could be hypothesized that
decreased incidence of delirium in the treatment group was
attributed to the improved quality of sleep as well as the neu-
roprotective effect of melatoninergic agents. Heterogenous
prevalence of delirium in the treatment group across the in-
cluded studies may be due to the inconsistencies in delirium
assessment, and as such, the true effect of melatoninergic ther-
apy on this outcome should be interpreted cautiously [33].

Subjects’ sleep can be assessed subjectively by using the
Richards-Campbell Sleep Questionnaire (RCSQ) and objec-
tively by total or nocturnal sleep time and sleep fragmentation.
Although it was not statistically significant, our study showed
that the administration of melatonin or ramelteon was associ-
ated with a trend towards increased duration of sleep time
(about half an hour). This finding needs to be considered as
a hypotheses-generating result. Due to frequent awakenings,
patients in ICU experience a high proportion of stage 1 and 2
non-rapid eye movement (NREM) sleep with scant restorative
slow-wave (SW) and rapid eye movement (REM) sleep [34].
In this study, intervention groups showed decreased numbers
of awakenings per night compared with the control groups.
Meanwhile, Nishikimi et al. [19] revealed that a higher pro-
portion of nights without awakenings was related to the ad-
ministration of ramelteon (51% vs 30% for the treatment and
the control groups; p = 0.048). These results support that mel-
atonin and melatonin receptor agonists could improve the
quality and duration of restful sleep of patients in ICU.

We also examined the effect of melatonin and melatonin
receptor agonists on other clinical outcomes of ICU patients.
Long-term use of mechanical ventilation may lead to negative
outcomes such as lung injury, pneumonia, and sinus [35]. It
was extrapolated that the application of melatonin and mela-
tonin receptor agents could diminish the need for sedative
agents and therefore shorten the duration of mechanical ven-
tilation. However, in this study, no difference in the duration
of mechanical ventilation or mortality was identified between
the treatment and the control groups. Due to the heterogenous
units and dimension to record duration of ICU stay, we pooled
standardized mean difference of individual study for this out-
come parameter. Eventually, the duration of ICU stay in the
treatment group was reduced by about 30% in comparison
with the control group.

Differing performance of melatoninergic agents in the in-
cluded studies is possibly due to their various drug doses and
population characteristics. Melatoninergic agents exhibit their
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Fig. 3 Forest plot of the comparison about the prevalence of delirium (a)
and mortality (b) in-ICU. a The diamond in the left of the central vertical
line represents lower prevalence of delirium in the treatment group in

activity by binding membrane melatonin receptors (MT1 and
MT?2)[36]. Ramelteon is the only selective melatonin receptor
agonist approved by the Food and Drug Administration that
has been investigated in ICU adult patients, and Miyamoto
et al. demonstrated that the affinity of MT1 and MT2 for

I
6.91

comparison with the control group. b The diamond intersecting the
central vertical line represents no differences between the treatment
group and the control group; CI, confidence interval; RR, risk ratio

ramelteon was three and six times greater than that for mela-
tonin, respectively [37]. The dose of melatonin ranged from 1
to 30 mg while the dose of ramelteon in two included studies
was 8§ mg. Additionally, the number and density of MT1-
expressing neurons in the suprachiasmatic nucleus are
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Fig.4 Forest plot of the comparison about sleep duration (a), the number
of awakenings per night (b), duration of mechanical ventilation (c), and
duration of ICU stay (d). a The diamond intersecting the central vertical
line represents a trend towards longer (but not significantly different)
duration of sleep in the treatment group in comparison with the control
group. b The diamond in the left of the central vertical line represents
decreased number of awakenings per night in the treatment group in

decreased during aging and Alzheimer’s disease [38] and it
has been widely acknowledged that brain injury would result
in lower expression level of MT1 and MT2 [39], which could
be a possible explication as to why melatonin is only working
in some patients. It was noteworthy that no obvious side-
effects (e.g., abuse, carry-over effect, and cognitive impair-
ment) implicated with the application of melatonin or
ramelteon were identified, indicating a potential advantage
in terms of safety profile among ICU patients. It would be of
great interest to investigate the cost-effectiveness of prophy-
lactic administration of melatoninergic agents in the ICU and
therefore better management of delirium and sleep duration
with melatonin and ramelteon independent of underlying dis-
ease could be translated into clinical benefit.

The strength of our study was increased compared with the
previous systematic review presented by Lewis [12] for sev-
eral reasons. First, eight high-quality randomized controlled
trials were included. Although 26 additional records were
identified by checking the reference lists of related articles,
after reading their abstracts, we did not include them to
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comparison with the control group. ¢ The diamond intersecting the
central vertical line represents no differences between the treatment
group and the control group. d The diamond in the left the central
vertical line represents decreased duration of ICU stay in the treatment
group in comparison with the control group; CI, confidence interval;
WMD, weighted mean difference; SD, standard deviation

quantitative analysis, which proved that search strategy of this
investigation was reliable. Second, in this study, statistical
analysis was conducted to obtain more potent outcome esti-
mates. Third, more endpoints including sleeping time, number
of awakenings per night, duration of ICU stay, and mechanical
ventilation as well as in-ICU mortality were compared be-
tween the treatment group and the control group.

There were also limitations of this study meriting consid-
eration. First, investigators did not distinguish different types
of delirium (hyperactive, hypoactive, or mixed-type delirium).
Second, due to the small number of studies in the analysis of
some parameters, sensitivity analysis might be not available
and publication bias (Egger’s test or construction of funnel
plot) was not assessed. Third, some authors did present means
and SDs for continuous data and therefore, estimated means
and SDs were employed in the analysis of duration of ICU
stay and mechanical ventilation. Last but not least, light is an
important point which may influence melatonin secretion but
due to limited data, we did not investigate light exposure in
this article.
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Conclusion

In a word, this systematic review and meta-analysis provided
robust evidence that prophylactic administration of melatonin
or melatonin receptor agonists was associated with a reduced
prevalence of delirium, improved quality of sleep, and a trend
towards shortened duration of ICU stay in participants in ICU.
However, there was no improvement in the duration of me-
chanical ventilation and in-ICU mortality. Large-scale ran-
domized placebo-controlled studies are still warranted to con-
firm current results.
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