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Abstract

Sleep disturbances are risk factors for postoperative delirium (POD), and sleep interventions have been proposed

as potential preventive measures. However, the effectiveness of sleep interventions in preventing POD is uncertain.
We performed a systematic literature search using the PubMed, Embase, and Cochrane Library databases from incep-
tion until December 24, 2022. We included randomized controlled trials on sleep interventions and POD in adult sur-
gery patients. The screening of titles, abstracts, and full texts was performed independently by two reviewers. Another
two reviewers independently performed the data extraction and assessed the risk of bias. Pooled-effect estimates
were calculated with a random effect model. Our primary outcome was POD, which was assessed with the confusion
assessment method (CAM), CAM for the intensive care unit (CAM-ICU), or other delirium assessment tools. We used
trial sequential analysis to control for type | and Il statistical errors. We also conducted prespecified subgroup analyses,
according to the type of intervention, efficacy of the intervention on postoperative sleep, sample size, participant age,
delirium assessment tool used, and the type of surgery. Data were obtained from 25 trials, including 4799 participants.
Sleep interventions had a statistically significant difference in the incidence of POD (relative risk (RR)=0.60; 95% con-
fidence interval (Cl), 0.46-0.77; 1> =58%). Stratified analyses indicated that the beneficial effects of sleep interventions
were evident in trials where the interventions promoted postoperative sleep (RR=0.51;95% Cl, 0.36-0.71) as com-
pared to trials that did not (RR=1.01; 95% Cl, 0.77-1.31) (p-value for interaction between subgroups=0.004). Our
primary analysis demonstrated that in adult patients following elective surgery, interventions that improved postop-
erative sleep, as compared to the standard care or placebo groups, were associated with a lower risk of POD. However,
such evidences are limited by the heterogeneity among trials and the small sample sizes of some trials.
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Graphical Abstract

Sleep and POD

- Sleep Enhancement

Decreased POD Trial sequential analysis

Conclusion

Materials and Methods

25 RCTs included (n = 4799):

10 melatonin (n = 1566)
8 dexmedetomidine (n = 2723)

3 bright light (n = 95)
2 positive airway pressure (n = 334)

1 earplugs and eye masks (n = 41)
1 delirium-free protocol (n = 40)

What is the effect of sleep interventions on postoperative delirium?

Main Results

Sleep interventions could reduce POD incidence
[RR (95% CI): 0.6 (0.46, 0.77)]

Especially

In studies reported statistical efficacy
in sleep enhancement

[RR (95% Cl): 0.51 (0.36, 0.71)]

For non-cardiac surgical patients
[RR (95% Cl): 0.55 (0.40, 0.76)]

Interventions for improving postoperative sleep were associated with a lower incidence of POD, especially when the
intervention effectively improved sleep quality. Large-scale RCTs in future are still warranted to confirm the current results.

1 Introduction

Postoperative delirium (POD) is one of the most com-
mon complications after surgery [1]. As stated in the
fifth edition of the Diagnostic and Statistical Manual of
Mental Disorders (DSM-5), clinical manifestations of
POD include acutely occurring disturbances in atten-
tion, thinking, and cognition that fluctuate throughout
the day [2, 3]. POD affects 11-51% of patients follow-
ing major elective surgery and is associated with adverse
consequences, such as prolonged hospital stay, increased
healthcare costs, declined cognitive and physical func-
tion, and high morbidity and mortality [4—6]. Therefore,
prevention of POD is essential to improve postoperative
outcomes in patients. There are many predisposing and
precipitating risk factors for POD, including increasing
age, comorbidities, preexisting cognitive impairment,
and sleep disorders [7, 8]. Some of these risk factors are
modifiable, which could help in reducing the incidence
and severity of POD.

The prevalence of preoperative sleep distur-
bances is in the range of 10-30% in healthy adults
(aged >18 years) and 36-43% in home-dwelling older
adults (aged > 65 years) [9]. Sleep disturbances are also
common during the perioperative period, which affects
up to 40% of patients who undergo major inpatient sur-
geries [10]. The term “sleep disturbances” comprises
multiple facets of sleep, including quantitative dimen-
sions such as sleep duration and latency and qualitative

aspects such as depth or restfulness. Sleep disturbances
are a combination of subjective complaints and objec-
tive evidences that include insomnia, obstructive sleep
apnea, hypersomnolence, to name a few [11-13]. Perio-
perative sleep disturbances are associated with delayed
postoperative recovery, higher incidence of POD or
postoperative cognitive dysfunction, and poor qual-
ity of life [14, 15]. Previous studies also suggested that
perioperative sleep disturbances are the main risk fac-
tors for POD [16-18]. Consequently, efforts were made
to promote perioperative sleep to decrease the inci-
dence of POD. Lower POD incidence has been reported
after sleep interventions in some studies [19, 20] but
not others [1, 21]. At the same time, meta-analyses on
the reduction of the incidence of POD via sleep inter-
ventions have, thus far, focused exclusively on either
pharmacological interventions or nonpharmacologi-
cal interventions [22, 23] and hence, have not provided
definite conclusions regarding the effect of comprehen-
sive sleep interventions on the occurrence of POD.

Therefore, we performed an updated systematic
review and meta-analysis to determine the pooled
results and thus benefit clinical practice by synthesiz-
ing the available randomized controlled trials (RCTs)
that assessed the efficacy of sleep interventions on pre-
venting POD in adult surgical patients. We evaluated
the existing body of research about the effects of sleep
interventions on the incidence of POD.
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2 Methods

We performed and reported this systematic review and
meta-analysis according to the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
statement (see Supplementary 1) [24]. The protocol for
this systematic review and meta-analysis was registered
on INPLASY (https://doi.org/10.37766/inplasy2023.1.
0083.) and is available in full on the www.inplasy.com
(https://doi.org/10.37766/inplasy00000000.).

2.1 Search strategy

A systematic search of literature was conducted from
inception until December 24, 2022, using electronic data-
bases (PubMed, Embase, and Cochrane Library). The
detailed electronic search strategies for each database are
illustrated in Supplementary 2. In addition, we searched
Google Scholar for articles related to the extracted trials.

2.2 Inclusion and exclusion criteria

Two reviewers independently assessed the retrieved stud-
ies according to predetermined inclusion and exclusion
criteria. Trials were included if they (1) were RCTs; (2)
included patients undergoing elective surgery; (3) applied
pharmacological or nonpharmacological interventions to
alleviate perioperative sleep disturbances; and (4) clearly
reported the incidence of POD. Trials were excluded if
they (1) included patients aged <18 years old; (2) were
published as case series, systematic review and meta-
analysis, protocol or conference paper; (3) had sleep
interventions as part of a comprehensive program and
the independent effect of sleep interventions cannot be
derived; and (4) were published in a language other than
English or Chinese.

The search results from all databases were entered into
Endnote X9, duplicates were removed, and the remaining
publications were screened for eligibility. The screening
of titles, abstracts, and full texts was performed inde-
pendently by two reviewers, using the same software.
Ultimately, RCTs that met the inclusion criteria were
included in the final analysis. Any discrepancies that
emerged were addressed through a consensus-seeking
process involving a third-party investigator.

2.3 Outcome measures

The outcome was the incidence of POD, which was
assessed by delirium assessment tools, including DSM-
5, Confusion Assessment Method (CAM), CAM for the
intensive care unit (CAM-ICU), Intensive Care Delirium
Screening Checklist (ICDSC), Neelon and Champagne
(NEECHAM) Confusion Scale, and Nursing Delirium
Screening Scale (Nu-DESC) [7].
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2.4 Data extraction

Two reviewers independently utilized a predesigned data
extraction form to collect key information from the trials,
including the first author’s name, publication year, coun-
try where the study was conducted, study design (sin-
gle-center or multicenter trial), number of participants
enrolled in each group, mean or median age of the par-
ticipants, distribution of gender, type of surgery, inter-
vention and comparative treatment, incidence of POD
(outcome variable), measurement instrument employed
to assess the occurrence of POD, and timepoint of the
assessment. Any discrepancies that arose between the
two reviewers were settled via discussion with a third
author to ensure data accuracy and reliability.

2.5 Quality assessment of included studies

The risk of bias was assessed using the Cochrane Col-
laboration Risk of Bias Assessment tool [25], which cov-
ers seven domains: (1) random sequence generation,
(2) allocation concealment, (3) blinding of participants
and personnel, (4) blinding of outcome assessment, (5)
incomplete outcome data, (6) selective reporting, and
(7) other bias. Specifically, all these domains were evalu-
ated, and each domain was assigned a risk classification
of high, unclear, or low. Trials that exhibited one or more
items associated with a high or an unclear risk of bias
were ultimately classified as high risk [26]. To ensure the
accuracy and reliability of the findings, any discrepancies
that arose during risk assessment were resolved through
careful discussion and, when necessary, by the involve-
ment of a third-party investigator.

2.6 Data analysis

The statistical analyses were performed in RevMan
(Review Manager version 5.4, Cochrane Collabora-
tion, Oxford, United Kingdom) and R (R version 4.2.1
with the ‘meta’ package). Dichotomous outcomes were
reported as the relative risk (RR) with 95% confidence
interval (CI). Due to clinical and methodological het-
erogeneity among the trials, a conservative random-
effects model was applied [27]. We identified statistical
heterogeneity among included trials using the I? sta-
tistic and Mantel-Haenszel chi-square test (p-value for
heterogeneity). Low, moderate, and substantial het-
erogeneities were indicated by 2<30%, I>=30-60%,
and I>=60-90%, respectively. Similarly, p>0.10 and
p<0.10 from the chi-square test denoted low and
high heterogeneity, respectively [28]. The sources of
heterogeneity were investigated in the following pre-
specified subgroup analysis: (1) type of interventions
(bright light, dexmedetomidine, melatonin, or positive
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airway pressure), (2) efficacy of the interventions on
postoperative sleep (positive, negative, or no evalua-
tion), (3) sample size (<100 or > 100), (4) age (<65 years
or > 65 years), (5) delirium assessment tool used (CAM/
CAM-ICU, Diagnostic and Statistical Manual of Mental
Disorders (DSM) criteria, NEECHAM, or other tools/
not mentioned), (6) type of surgery (noncardiac sur-
gery, cardiac surgery, or both cardiac and noncardiac
surgery). Furthermore, for dexmedetomidine, the dose
administered was different in intensive care unit (ICU)
patients (sedative dose or low-dose) than in non-ICU
patients (low-dose or mini-dose via a patient-controlled
intravenous analgesia device). We also performed a
stratified analysis of the two subgroups of patients to
evaluate the association between the dosage of dexme-
detomidine in the postoperative period and the inci-
dence of POD. Sensitivity analyses were performed by
removing articles one by one to assess the effect of indi-
vidual trials on the overall results. Publication bias was
evaluated by visually inspecting a funnel plot and for-
mally testing by Peters’ test. Two-sided statistical tests
were performed, and an overall effect size with p <0.05
indicated a significant difference.

We conducted a trial sequential analysis (TSA) using
TSA software (version 0.9 beta, http://www.ctu.dk/tsa).
The purpose of TSA is to adjust the statistical threshold
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to minimize or eliminate the risk of type I and type II
errors, which have been found to affect the results of
meta-analyses [29]. The required information size
(RIS) was determined based on the incidence of POD
in the control group (21%) and a relative risk reduction
of 28.57% in the experimental group [30] with a type I
error of 5% (two-tailed) and type II error of 20% (80%
power). TSA generated a graph that included a cumu-
lative Z curve, a conventional meta-analysis boundary;,
the estimated RIS, and the trial sequential monitoring
boundary (TSMB). If the cumulative Z curve crossed
both the TSMB and the conventional meta-analy-
sis boundary, and the number of recruited patients
exceeded the RIS, the evidence was considered suf-
ficient. Otherwise, the evidence was considered insuf-
ficient, which indicated that additional trials would be
required [30, 31].

3 Results

3.1 Study selection

The processes of the search, screening, and selection of
the trials are illustrated in Fig. 1. A total of 1267 records
(1246 from the databases and 21 from other sources)
were retrieved in the initial search. After removing dupli-
cate trials (141 excluded), performing a screening of titles
and abstracts (1064 excluded), and assessing the full texts

21 additional records identified

1246 records identified through
database search in PubMed,
Embase and Cochrane Library

through other sources: hand search
of reference lists from reviews and
meta-analyses and “Google-scholar”

for related articles

|

1267 total records identified

v

1126 titles and abstracts screened

v

62 full-text articles assessed for eligibility

|

25 studies included in qualitative

|

25 studies included in qualitative synthesis

(meta-analysis)

141 duplicates excluded

1064 records excluded, with reasons
Review/meta-analysis (N = 131)
Case reports (N = 55)
Letters/comments(N = 9)

Protocols (N = 93)

Children studies (N = 199)

Basic experiments (N = 10)

Other topics (N = 568)

—

37 full-text articles excluded, with rasons

Non-RCT (N = 20)

Studies including patients without surgeries (N = 9)
Using dexmedetomidine intraoperatively but not

at night to promote sleep (N = 5)

With no data on the incidence of postoperative
delirium (N = 3)

—

Fig. 1 Flow diagram of the literature search process. RCT Randomized controlled trial
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(37 excluded), a total of 25 trials that met the inclusion
criteria, including 4799 patients, were finally included in
qualitative and quantitative analyses [1, 19-21, 32-52].

3.2 Study characteristics

The main characteristics of the included trials are
described in detail in Table 1. These articles were pub-
lished between 2007 and 2022. Among all included trials,
ten trials evaluated the effect of melatonin [21, 37, 38, 41,
42, 44, 46, 48-50], eight assessed the effect of postopera-
tive use of dexmedetomidine [1, 19, 20, 32, 33, 36, 47, 52],
three evaluated the use of bright light in the morning [35,
39, 40], two included patients who were administered
continuous positive airway pressure (CPAP) [43] or auto-
titrating positive airway pressure (APAP) [34], and one
used earplugs and eye masks to promote sleep-condu-
cive environment [45]. Notably, the remaining one study
used the delirium-free protocol (DFP), which involved
an intramuscular injection of diazepam and a continu-
ous intravenous infusion of flunitrazepam and pethidine
[51]. Four trials enrolled patients underwent cardiac
surgery [1, 44, 49, 50], nineteen trials included patients
underwent noncardiac surgery [19-21, 32-37, 39-47, 51,
52], and the remaining two trials enrolled patients who
underwent all type of surgeries [38, 48]. In a majority of
the trials, the risk of POD was assessed using CAM or
CAM-ICU [1, 19, 20, 32-34, 36, 38, 39, 43, 44, 46-49,
52], whereas three trials used the DSM criteria [21, 41,
51], two trials used the NEECHAM Confusion Scale [35,
40], and four trials used other tools or did not mention
which tool was used [37, 42, 45, 50]. Nine trials reported
statistical efficacy in improving sleep by interventions
[19, 20, 36, 45, 47, 52], whereas five trials reported an
insignificant effect of the sleep intervention on improve-
ment of postoperative sleep quality [1, 33, 35, 38, 41]. The
remaining eleven articles did not measure the efficacy
of the intervention on postoperative sleep improvement
[21, 32, 34, 37, 4244, 46, 48, 49, 51].

3.3 Study quality

Many of the included trials were considered to have low risk
of bias, given that they clearly reported random sequence
generation (20 trials, 80%), allocation concealment (17 tri-
als, 68%), blinding of personnel and participants (18 trials,
72%), blinding of the outcome assessment (22 trials, 88%),
incomplete outcome data (0 trials, 0%), selective reporting
(0 trials, 0%), and other bias (0 trials, 0%). Figure 2 presents
a comprehensive depiction of the risk of bias in each study,
as determined by the Cochrane criteria.

3.4 Pooled analysis
There was significant heterogeneity among the 25
trials (p=0.0001; I*=58%). Meta-analysis using the
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random-effects model demonstrated that interven-
tions aimed at promoting postoperative sleep were
associated with a reduced occurrence of POD com-
pared with the control group. The pooled RR for POD
was 0.60 (95% CI, 0.46-0.77; p<0.0001) (Fig. 3). As
demonstrated in Fig. 4, the RIS was 4002 participants.
The number of recruited patients reached the RIS and
the cumulative Z curve crossed the TSMB for benefit,
indicating a statistically significant beneficial effect of
the sleep interventions on POD.

3.5 Subgroup analysis

We explored heterogeneity with prespecified subgroup
analyses (Supplementary Figs. 1, 2, 3, 4, 5, 6 and 7). The
forest plot revealed significant difference in the POD
incidence in trials investigating the effects of bright light
therapy (RR=0.24; 95% CI, 0.09-0.65) or dexmedetomi-
dine (RR=0.53; 95% CI, 0.39-0.72). However, the pooled
results did not demonstrate a significantly low incidence
of POD after melatonin administration (RR=0.79; 95%
CI, 0.58-1.08) or positive airway pressure (PAP) therapy
(RR=0.69; 95% CI, 0.13-3.82) (Supplementary Fig. 1).
Regarding the efficacy of the sleep interventions on
postoperative sleep, the subgroup analysis showed that
the interventions that were effective in promoting post-
operative sleep were also effective in preventing POD
(RR=0.51; 95% CI, 0.36—0.71). Likewise, trials that did
not assess perioperative sleep reported a reduction in
POD risk among patients who received sleep interven-
tions (RR=0.59; 95% CI, 0.39-0.91). However, the trials
that did not find improvements in postoperative sleep
among those receiving sleep interventions similarly did
not report a reduction in POD incidence among study
subjects (RR=1.01; 95% CI, 0.77-1.31) (Supplementary
Fig. 2). Additional subgroup analyses were performed for
different delirium assessment tools. Three trials used the
DSM criteria (RR=0.83; 95% CI, 0.27-2.57), two trials
used the NEECHAM criteria (RR=0.31; 95% CI, 0.07—
1.31) for delirium assessment, both did not demonstrate
a significant reduction in the incidence of POD. Sixteen
trials used CAM or CAM-ICU (RR=0.61; 95% CI, 0.46—
0.82) for the POD diagnosis, four trials used other tools
or did not mention which tool was used (RR=0.34; 95%
CI, 0.17-0.66) for the POD diagnosis, both subgroups
demonstrated a comparable reduction in POD risk (Sup-
plementary Fig. 3). Subgroup analyses also demonstrated
significant difference in the POD incidence following
noncardiac surgery (RR=0.55; 95% CI, 0.40-0.76) but
not cardiac surgery (RR=0.68; 95% CI, 0.41-1.11) (Sup-
plementary Fig. 4). There was a significant decrease in the
incidence of POD by the sleep interventions, irrespective
of the sample size, age, and dosage of dexmedetomidine
(Supplementary Figs. 5, 6 and 7). We also performed a
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post-hoc subgroup analysis according to the timepoint
of administration of the interventions, whether preop-
eratively (RR=0.40; 95% CI, 0.17-0.90), postoperatively
(RR=0.49; 95% CI, 0.34-0.71), or both (RR=0.92; 95%
CI, 0.68-1.24) (Supplementary Fig. 8).

3.6 Sensitivity analysis

We used a one-by-one literature removal method to iden-
tify potential outlier trials responsible for the observed
heterogeneity and to evaluate the stability of the results.
We found no individual trials significantly reducing the
heterogeneity after elimination. At the same time, we
observed that no single study had a noteworthy impact
on the pooled RR, which suggested that our meta-analy-
sis results were robust (Fig. 5).

3.7 Publication bias

Publication bias was evaluated through visual examina-
tion of a funnel plot and formal testing by Peters’ test
using R statistical software. The funnel plot for the overall
incidence of POD showed no obvious asymmetry (Sup-
plementary Fig. 9A and B). Additionally, Peters’ tests
were conducted to further assess for publication bias,
and no significant bias was found in this meta-analysis
(p=0.1043) (Supplementary 3).

4 Discussion
We identified 25 RCTs with a total of 4799 participants
that compared the incidence of POD between the sleep
intervention group and the control group. Despite there
was significant heterogeneity among the included trials,
we showed that sleep interventions in surgical patients
was associated with a decreased risk of POD. Notably,
the reduction in POD risk was evident in trials that
reported significant improvements in postoperative
sleep. TSA confirmed the beneficial effect of sleep inter-
ventions. Leave-one-out meta-analysis demonstrated
that our results were not driven by an individual study
and further confirmed the robustness of the results.
According to the pooled results, we observed that the
use of dexmedetomidine was associated with as high as
a 50% reduction in the incidence of POD. Dexmedeto-
midine is a potent and highly selective agonist of the
a2-adrenoceptor with analgesic, anxiolytic and sedative
properties, which is widely used in clinical anesthesia
and postoperative sedation [53, 54]. Previous studies
have demonstrated that dexmedetomidine can induce
nonrapid eye movement (NREM) sleep-like electro-
encephalogram (EEG) features and consolidate sleep
after surgery, leading to an increase in stage 2 of NREM
sleep, decrease in stage 1 of NREM sleep, prolonged
total sleep time, lower nocturnal fragmented sleep, and
eventually better subjective sleep quality for patients
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sleep intervention Control

r I Even Total Events Total Weigh
Aizawa et al 2002 1 20 7 20 1.4%
de Jonghe et al 2014 55 186 49 192 8.4%
Dianatkhah et al 2015 4 66 9 71 3.4%
Ford et al 2019 21 98 21 104 6.8%
Guo et al 2015 6 78 21 78 4.7%
Gupta et al 2019 2 50 8 50 2.3%
Hong et al 2021 17 356 26 354 6.4%
Jaiswal et al 2019 19 59 22 58 7.1%
Le Guen et al 2013 0 20 3 21 0.7%
Lietal 2017 7 142 11 143 43%
Mahrose et al 2021 6 55 15 55  4.6%
Nadler et al 2017 12 58 9 56 5.1%
Nickkholgh et al 2011 0 25 1 23 0.6%
Oh et al 2021 3 33 2 38 1.8%
Ono et al 2011 1 10 5 12 1.4%
Potharajaroen et al 2018 2 31 11 31 2.4%
Robinson et al 2014 61 152 55 149  8.6%
Su et al 2016 32 350 79 350 8.0%
Sultan et al 2010 5 53 16 49  4.3%
Sun et al 2019 33 281 38 276 7.6%
Taguchi et al 2007 1 6 2 5 1.3%
Wang et al 2018 4 80 12 80 3.5%
Wong et al 2022 1 106 5 114 1.3%
Wu et al 2016 2 38 3 38 1.8%
Yang et al 2015 2 39 5 40 2.1%
Total (95% CI) 2392 2407 100.0%
Total events 297 435

Risk Ratio
M-H, Random, 959
0.14 [0.02, 1.06]
1.16 [0.83, 1.61]
0.48 [0.15, 1.48]
1.06 [0.62, 1.82]
0.29[0.12, 0.67]
0.25[0.06, 1.12]
0.65 [0.36, 1.18]
0.85[0.52, 1.39]
0.15[0.01, 2.73]
0.64 [0.26, 1.61]
0.40[0.17, 0.95]
1.29[0.59, 2.82]
0.31[0.01, 7.20]
1.73[0.31,9.72]
0.24 [0.03, 1.73]
0.18 [0.04, 0.75]
1.09 [0.82, 1.45]
0.41[0.28, 0.59]
0.29[0.11, 0.73]
0.85[0.55, 1.32]
0.42[0.05, 3.36]
0.33[0.11, 0.99]
0.22[0.03, 1.81]
0.67 [0.12, 3.77]
0.41[0.08, 1.99]

0.60 [0.46, 0.77]
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Risk Ratio
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Fig. 3 Forest plots of the pooled incidences of postoperative delirium for the sleep intervention group and the control group. Statistical analyses
were conducted using a random-effects model. The size of the squares for risk ratio (RR) reflects the weight of the trial in the pooled analyses.

Horizontal bars=95% confidence intervals (Cls)

[55]. Our present finding of dexmedetomidine effec-
tively reducing the incidence of POD in patients is con-
sistent with the results of a previous meta-analysis, in
which Duan et al. [56] had demonstrated that dexme-
detomidine had positive actions on diminishing the risk
of POD in adult patients. Notably, we excluded trials in
which the patients received dexmedetomidine only dur-
ing the intraoperative period. The reason for this exclu-
sion was that the objective of this meta-analysis was
to investigate the role of sleep interventions on POD
incidence, and dexmedetomidine usage only in the
intraoperative period was mainly intended for intrap-
rocedural sedation and may not have been associated
with sleep interventions. Similarly, we observed that
the occurrence of POD was comparatively lower among
patients who received bright light therapy, a nonphar-
macological method of sleep intervention that helped
adjust the circadian rhythm and has a therapeutic effect
on sleep disturbances in patients with mental disorders
[57, 58]. However, our subgroup analysis revealed that
melatonin or melatonin receptor agonists did not sig-
nificantly affect the incidence of POD. In fact, a study
by Wang et al. [59] concluded that the use of melatonin
or melatonin receptor agonists during the perioperative

period did not reduce the risk of POD (RR=0.93; 95%
CI, 0.70-1.24), which was consistent with our current
findings. However, this was not consistent with results
from a previous meta-analysis that observed beneficial
effects of melatonin and melatonin receptor agonists on
perioperative sleep and reduction in the risk of POD
(pooled RR=0.49; 95% CI, 0.28-0.88; p=0.017) [22].
This inconsistency may be attributed to the heterogene-
ous design of the included trials (different dosages and
timings of melatonin administration, etc.) and the dif-
ferent methods used for assessing the outcome (CAM/
CAM-ICU, DSM criteria, etc.). Furthermore, seven tri-
als did not assess the efficacy of intervention on post-
operative sleep in patients who received melatonin or
melatonin receptor agonists, [21, 37, 42, 44, 46, 48, 49],
only one trial reported a statistically positive effect [50],
and two trials did not report a significant improvement
in sleep between the intervention and control groups
[38, 41]. The absence of a formal sleep assessment may
have led to an underestimation of the effectiveness of
interventions for patients receiving melatonin or mel-
atonin receptor agonists, further adding to the uncer-
tainty of these interventions in reducing the occurrence
of POD. Therefore, larger RCTs are required in future
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RIS is a Two-sided graph

Cumulative
Z-Score

Favours
Sleep interventions
1

RIS = 4002

I L Z-curve

Favours
Control

Fig. 4 Trial sequential analysis (TSA) of the sleep interventions for decreasing the incidence of postoperative delirium (POD). A required information
size (RIS) of 4002 patients was calculated using the predefined alpha=0.05 (two-sided), beta=0.20 (80% power), an anticipated relative risk
reduction of 28.57%, and an event proportion of 21% in the control arm. The blue cumulative Z curve was constructed using a random-effects
model. The horizontal brown lines represent the conventional meta-analysis boundary. The horizontal red lines represent the trial sequential
monitoring boundary. The cumulative Z curve crosses both conventional meta-analysis boundary and the trial sequential monitoring boundary,
and the number of recruited participants is more than the required information size, which represents that the pooled evidence of sleep

intervention in decreasing the incidence of POD was sufficient

to investigate whether melatonin or melatonin receptor
agonists have a preventive effect on POD.

A substantial body of research has considered
obstructive sleep apnea (OSA) as a main risk fac-
tor for POD [7, 60-62]. There is a plausible biological
link between OSA and POD, as OSA is likely to trigger
inflammation, hypoxia, and disrupted sleep patterns,
which could contribute to the development of POD
[63]. It has been demonstrated that PAP could allevi-
ate these possible triggers and significantly improves
the symptoms of OSA [64]. However, the pooled find-
ing in the subgroup analysis of our study did not sug-
gest a protective effect of PAP therapy on decreasing
the occurrence of POD in surgical patients who were
at risk for OSA. Therefore, sleep interventions target-
ing OSA (PAP in short-term treatment) may have no
role in decreasing postoperative incident delirium. The
present meta-analysis only included two trials [34, 43]
with a total of 334 participants, and there was signifi-
cant heterogeneity between the two trials. Thus, due
to the limited sample size and significant heterogene-
ity, the conclusions should be interpreted with caution.
Because only one RCT [45] involved the use of earplugs
and eye masks, and only one trial [51] included patients

who were administered DFP using diazepam, flunitraze-
pam, and pethidine to maintain nocturnal sleep rhythm
in the perioperative period, we refrained from perform-
ing subgroup analysis in both of them. Moreover, our
analysis revealed that only the trials that demonstrated
effective sleep interventions on postoperative sleep
reported a lower incidence of POD. Furthermore, this
was true in adult patients undergoing noncardiac sur-
gery, but not in those undergoing cardiac surgery. Addi-
tionally, irrespective of the sample size, age, and dosage
of dexmedetomidine, sleep interventions appear to be
effective in reducing the incidence of POD.

Sleep is a natural state of reduced arousal that plays
a crucial role in learning, memory, and cognitive func-
tion [65]. It has been reported that sleep disturbances
are independent risk factors for POD, which can lead
to long-term cognitive dysfunction after surgery [66,
67]. Disruptions in sleep patterns may trigger a pro-
cess of neuronal apoptosis in regions of the brain that
are closely associated with cognitive function [68, 69].
Therefore, neuronal apoptosis is considered one of the
pathological factors of sleep disturbance-related cogni-
tive dysfunction. As reported earlier, sleep disturbances
are associated with neuroinflammation, alterations in
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RR  95%-Cl P-value Tau2 Tau I2
0.61 [0.47;0.79]
0.57 [0.43;0.74]
0.60 [0.46; 0.78]
0.57 [0.43;0.75]
0.63 [0.48; 0.81]
0.61 [0.47;0.79]
0.59 [0.44; 0.77]
0.57 [0.44;0.76]
0.60 [0.46; 0.78]
0.59 [0.45; 0.77]
0.61 [0.46; 0.79]
0.57 [0.44;0.75]
0.60 [0.46; 0.78]
0.58 [0.45; 0.76]
0.60 [0.47;0.79]
0.62 [0.48; 0.80]
0.57 [0.43;0.74]
0.62 [0.47;0.81]
0.62 [0.48; 0.80]
0.57 [0.43;0.76]
0.60 [0.46; 0.78]
0.61 [0.47;0.79]
0.60 [0.47;0.79]
0.59 [0.45; 0.77]
0.60 [0.46; 0.78]

<0.01 0.1765 0.4202 57%
<0.01 0.1675 0.4093 52%
<0.01 0.1942 0.4407 58%
<0.01 0.1909 0.4369 57%
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Fig. 5 Sensitivity analysis for sleep intervention in decreasing the incidence of POD. Excluding each trial sequentially and recalculating the pooled
risk ratio for the remaining trials was performed using a random-effects model

neurotransmitter activity, and cerebral hypoxic and
hypoperfusion injury [68, 70]. Because the possible
pathophysiological mechanisms of POD also include
neuroinflammation and changes in neurotransmitters
[71], sleep disturbances may be associated with POD.
Therefore, improving perioperative sleep can be an
effective method for attenuating the incidence of POD.
Sleep improvement interventions include both phar-
macological and nonpharmacological measures. In a
meta-analysis, Hu et al. [23] sought and recommended
nonpharmacological interventions, such as music ther-
apy, noise reduction, and social support, to enhance
sleep in critically ill patients. Compared with a prior
meta-analysis of thirteen RCTs, which demonstrated
that interventions targeting sleep and circadian health
reduced the risk of POD [30], the current meta-analy-
sis included as many trials as possible that used multi-
ple sleep interventions, thus enabling us to analyze the
effect of sleep interventions on POD incidence more
comprehensively.

The advantages of this meta-analysis are as follows.
First, it incorporated a comprehensive collection of trials.
Second, both nonpharmacological and pharmacologi-
cal interventions that are widely used and recommended
during the perioperative period were included, resulting
in pooled results with high significance. Third, our meta-
analysis exhibited no significant publication bias. Further
sensitivity analyses also confirmed the consistency and
robustness of our findings.

The present study exhibits certain limitations. First, most
of the analyses manifested a high degree of heterogene-
ity, which is an anticipated outcome due to the diverse
sleep interventions administered to the participants in the
included trials. Second, our meta-analysis did not entail
stratification by the type of sleep disturbance. In fact, there
are different phenotypes of perioperative sleep disturbances,
such as OSA and psychologically based sleep deprivation.
These different types of sleep disturbances may have diverse
effects on POD, so this could be a potential confounder and
may have influenced the current results. Additionally, some
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interventions like oral melatonin were administered preoper-
atively, whereas some interventions like earplugs and masks
were administered postoperatively. The focus should also be
on the effect of the timing of sleep interventions on POD.
Therefore, performing a high-quality meta-analysis with a
large sample size is necessary to further determine whether
the phenotype of sleep disturbances or the timing of inter-
ventions in the perioperative period is related to the inci-
dence of POD. Third, considerable variability in the methods
utilized to evaluate both POD and sleep disturbances was
observed, which may have also affected the validity and reli-
ability of our pooled results. Fourth, several subgroups ana-
lyzed in this meta-analysis exhibited a limited sample size,
thereby potentially attenuating the reliability of the synthe-
sized results. Finally, while a significant disparity in the inci-
dence of POD was observed between the group that received
sleep interventions and the control group, a substantial pro-
portion of patients did not receive any type of assessment
pertaining to perioperative sleep. Moreover, including only
articles written in English or Chinese may have affected the
internal and external validity of our findings.

5 Conclusions

For adult patients undergoing elective surgery, interven-
tions for improving postoperative sleep were associated
with a lower incidence of POD, especially when the inter-
vention effectively improved sleep quality. Considering
the heterogeneity of included trials, we should interpret
the results with caution. Large-scale RCTs in future are
still warranted to confirm the current results.
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