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Abstract

Background The objective of this study was to evaluate the impact of nursing interventions on sleep quality in hospitalized
patients.

Methods A comprehensive literature search was conducted, encompassing databases such as PubMed/MEDLINE, Scopus,
Web of Science, EMBASE, ProQuest, Science Direct, and Cochrane Library, with publications up until September 2022
being considered. A random-effects model was utilized to calculate standardized mean differences (SMD) and 95% confi-
dence intervals (CIs) for continuous outcomes.

Results A total of 77 studies involving 7771 participants were included in the systematic review. Among these, 18 studies
met the inclusion criteria for the meta-analysis, involving a total of 1153 participants. The meta-analysis results indicated
a positive effect of nursing interventions on sleep quality, as measured by the Pittsburgh Sleep Quality Index (PSQI)
score (SMD=-4.21, 95% CI=-5.75 to —2.67, P<0.001), and the St. Mary’s Hospital Sleep Questionnaire (SMHSQ)
(SMD=-1.87, 95% CI=-2.77 to —0.98, P <0.001). However, there was substantial heterogeneity observed among the
studies (I>=97.8%, P<0.001 and I>=93.5%, P <0.001, respectively). While a significant number of individual studies
demonstrated that nursing interventions improved both sleep quantity and quality in hospitalized patients.

Conclusions The meta-analysis identified three specific interventions; relaxation, music therapy, and the use of earplugs/
eye masks, that had a positive impact on sleep quantity and quality. It is important to acknowledge that due to variations in
methodological quality and heterogeneity among the included studies, drawing definitive conclusions regarding the effective-
ness of different interventions is challenging, and interpreting the results with caution is necessary.
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1 Introduction

Sleep quality plays a crucial role in the recovery of
patients within a hospital setting. Adequate sleep promotes
physiological, cognitive, and emotional restoration, which
are essential for the healing process [1, 2]. Conversely,
inadequate sleep quality can lead to negative consequences
such as immune suppression, impaired wound healing,
heightened pain perception, delirium, and prolonged hos-
pital stays [3]. In addition, hospitalized patients often
experience environmental factors that can disrupt their
sleep, including noise, light, frequent interruptions, and
uncomfortable bedding [4, 5]. Therefore, healthcare pro-
viders should prioritize the implementation of strategies
aimed at improving sleep quality for hospitalized patients.

Given the significant impact of sleep quality on patient
outcomes, it is crucial for healthcare providers to integrate
sleep promotion into routine care practices. Nursing inter-
ventions, including non-pharmacological approaches, aim
to mitigate environmental factors that can disrupt patients’
sleep, such as noise and light exposure [6]. These inter-
ventions also involve promoting good sleep hygiene by
establishing regular sleep—wake cycles and providing
designated quiet time. Furthermore, physical devices
like earplugs and eye masks [7, 8], as well as relaxation
techniques such as massage therapy, muscle relaxation,
imagery, and therapeutic touch, can be utilized to allevi-
ate the negative effects of poor sleep in hospital settings
[9, 10]. Alternative therapies like aromatherapy and acu-
puncture have also been suggested as potential strategies
to improve sleep quality for patients [11].

Several systematic reviews have highlighted the effec-
tiveness of nursing interventions in improving sleep
among various patient populations [12—-14]. However,
previous studies have reported that clinical data available
at the time were insufficient, and further Randomized
Controlled Trials (RCTs) were needed to assess efficacy.
Consequently, there is limited conclusive evidence regard-
ing the effectiveness of nursing interventions in enhanc-
ing sleep quality among hospitalized patients. Therefore,
conducting this study was crucial for reviewing recent
research. The primary objective of this systematic review
and meta-analysis was to determine whether there is sub-
stantial scientific evidence indicating that nursing inter-
ventions have a positive impact on sleep quality in hospi-
talized patients. Hence, the purpose of this investigation
was to identify, analyze, and compare all existing research
related to this inquiry. To the best of our knowledge, this is
the most comprehensive and inclusive systematic review
and meta-analysis conducted to examine this issue.
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2 Participants and Methods
2.1 Study Design

This study followed the guidelines outlined in the Preferred
Reporting Items for Systematic Reviews and Meta-analysis
(PRISMA) statement [15]. The study was registered in the
International Prospective Register of Systematic Reviews
(PROSPERO) database (CRD42020145830), and ethical
approval for the study was obtained from the research ethics
committee of Bagiyatallah University of Medical Sciences
under the ethics code IR.BMSU.REC.1398.175.

2.2 Search Strategy

The databases PubMed/MEDLINE, Scopus, Web of Sci-
ence, EMBASE, ProQuest, Science Direct, and Cochrane
Library were searched for publications up to September
2022. The search strategy involved the use of MeSH terms
and keywords such as “sleep disorder” OR “sleep depriva-
tion” OR “sleep apnea” OR “insomnia” OR “sleep latency”
OR “rapid eye movement” OR “non-rapid eye movement”
OR “sleep stage” OR “sleep quality” OR “sleep time” OR
“sleep wake disorder” AND “intensive care” OR “intensive
care unit” OR “critical care” OR “ICU” OR “CCU” OR
“Hospitalized patients” OR “critical patients” OR “non-
critical patients” AND “nursing interventions” OR “non-
pharmacological interventions” OR “alternative therapies”
OR “music therapy” OR “massage therapy” OR “muscle
relaxation” OR “cognitive therapy” OR “behavior therapy”
OR “physical therapy” OR “aromatherapy” OR ‘“‘acupunc-
ture” OR “eye masks” OR “earplugs". To further identify
potentially relevant studies, primary article references were
also reviewed. All relevant articles that met predefined selec-
tion criteria were evaluated.

2.3 Eligibility Criteria

The inclusion and exclusion criteria for eligible studies
were as follows: (a) studies had to fall into the following
categories: randomized controlled trials (RCTs), randomized
crossover studies, cluster randomized trials, or randomized
or non-randomized quasi-experimental studies with control
groups. These studies aimed to assess the effect of nursing
interventions on adult patients; (b) participants in the studies
had to be adult patients, both critical and non-critical, who
were hospitalized for a minimum of 72 h and had stable
hemodynamic status. There were no restrictions based on
gender or ethnicity; (c) the nursing interventions or non-
pharmacological therapies considered included the use of
physical devices such as earplugs and eye masks, relaxation
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techniques like massage therapy, muscle relaxation, imagery,
yoga, stretching exercises, resistance training, and therapeu-
tic touch, and improvement of sleep hygiene or reduction
of disturbing environmental factors including noise reduc-
tion, lighting control, quiet time, and synchronization of
ICU activities with daylight. Equipment modification such
as ventilator mode or type, and alternative therapies like aro-
matherapy and acupuncture were also considered; (d) Stud-
ies had to report changes in both objective and subjective
sleep variables, which were measured using standardized
instruments. Exclusion criteria comprised of (a) participants
diagnosed with obstructive sleep apnea, dementia or any
prior sleep disorder diagnosis; (b) those who were termi-
nally ill or required palliative care; (c) conference articles,
abstracts, and protocols; (d) studies that were not written in
English or Persian.

2.4 Data Extraction

The process of data extraction was conducted in three stages.
Initially, all seven scientific databases were examined, and
duplicate studies were removed. In the second stage, two
researchers independently searched for studies using the
title and abstract to identify relevant articles. In the third
stage, two investigators reviewed the full text of the remain-
ing articles to determine if they met the inclusion criteria
for the review. To extract the data from the selected studies,
a pre-designed form was used which contained details such
as author’s name, year of study, study type, study setting,
sample size, type of intervention, type of assessment instru-
ment, and sleep quality outcomes in both intervention and
control groups before and after the intervention. In case of
any ambiguities or disagreements between the reviewers,
these were resolved through discussion and consensus.

2.5 Quality Assessment

The methodological quality of the included manuscripts was
assessed independently by two authors using the Jadad rating
scale [16], and Joanna Briggs Institute (JBI) critical appraisal
tool for randomized controlled trials (RCTs) and quasi-exper-
imental studies, respectively. Jadad scale is a three-item,
validated, and reliable scoring tool that focuses on randomi-
zation, blinding, and withdrawals/dropouts. Studies can be
given an overall score from O to 5, with a score of 5 being an
ideal score and a score of >3 considered to be high quality
[17] (Supplementary file, Table S1). Disagreements between
researchers were resolved by discussion. Quasi-experimental
studies were evaluated using nine criteria based on the JBI
Critical Appraisal Tool. All questions were answered as yes,
no, not clear, or not applicable and assessed individually. After
evaluating all the components of the study, the overall rating
was determined using the criteria set out in the tool. Based on

the number of “yes” responses, a rating of good=(>7 yes),
medium = (4-6) and poor=(<3 yes) (Supplementary file,
Table S2).

2.6 Statistical Analysis

STATA version 17 (Stata Corp; College Station; TX, USA)
was used to calculate pooled standard mean differences
(SMDs) and 95% Cls for continuous outcomes. Studies were
included for quantitative analysis if mean values and SDs of
the sleep scores were reported based on two types of sleep
quality tools; Pittsburgh Sleep Quality Index (PSQI) or St.
Mary’s Hospital Sleep Questionnaire (SMHSQ). The primary
analysis included meta-analysis for sleep quality and quan-
tity. In addition, subgroups analysis was carried out based on
the type of nursing interventions which were divided into five
subgroups; (1) using eye masks and earplugs, (2) relaxation
techniques, (3) music intervention, (4) aromatherapy and (5)
acupressure. The standardized mean difference (SMD) was
calculated as the main outcome summary statistic, using a
random-effects model to account for inter-study heterogene-
ity and to account for the overall effect of the intervention on
sleep quality and quantity. The between-study variance was
estimated using the restricted maximum likelihood method.
The level of heterogeneity among trials was assessed using
the Cochran Q test and I-squared (/%) statistics [18]. Chi?
statistic with a P value <0.10 or an inconsistency between
studies /7> 50% was considered as significant heterogeneity.
Significance results of the test and values higher than 75% for
P indicated substantial heterogeneity.

A sensitivity analysis was performed, removing each
study in turn and recomputing the pooled estimates to deter-
mine the impact of each study. Analyses were performed to
identify discordant studies using techniques based on the
leave-one-out method to guide model review and identify
studies that most impacted the overall estimates of the meta-
analysis [19]. In addition, a cumulative meta-analysis was
also performed by sorting studies by year of publication.
To assess publication bias, we used funnel plots. Potential
publication bias was assessed using Egger’s test (linear
regression method) [20], and Begg’s test (rank correlation
method) [21]. To assess the sources of heterogeneity, the
meta-regression analysis was performed using sample size
as the independent variable and the effect size (ES) as the
dependent variable in the model.

3 Results
3.1 Search Outcomes

The search conducted in English and Persian languages
yielded 17,754 and 1056 articles, respectively. After
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removing duplicates and irrelevant studies, a total of
647 articles remained for full-text evaluation. Among of
these, 570 articles were excluded as they did not meet all
the inclusion criteria. Finally, 77 full-text articles were
included in the study. Most of the included studies were
limited to qualitative synthesis due to the absence of con-
trol groups, lack of sleep quality scores before interven-
tion, and reliance on self-reported outcomes. Therefore,
only 18 studies, which utilized various sleep quality
assessment tools, were suitable for quantitative synthesis.
The remaining studies (n =59) were included in the quali-
tative analysis. A summary of the literature search results
and screening process can be found in Fig. 1.

3.2 Characteristics of Included Studies
in the Quantitative Synthesis

In this study, a total of 77 studies were included, out of
which 18 studies involving 1153 participants were included
in the meta-analysis [22—-39]. The characteristics of these
18 studies are presented in Table 1. Among them, 14 were
randomized trials [23-36], and 4 were quasi-randomized
trial studies [22, 37-39]. All 18 trials used subjective sleep
scales to measure sleep quality; seven trials used St. Mary’s
Hospital Sleep Questionnaire (SMHSQ) [23, 25, 28, 29, 33,
34, 37], while eleven studies employed the Pittsburgh Sleep
Quality Index (PSQI) scale [22, 24, 26, 27, 30-32, 35, 36,
38, 39]. The number of participants per study ranged from a
minimum of 40 to a maximum of 80. The majority of trials

17,754 studies identified
through database searching
in English language

1,056 studies identified
through database searching
in Persian language

\ /’340 removal of duplicates

and apparently irrelevant
studies

A 4

A 4

13,470 articles remain

12,823 articles excluded after
screening titles and abstracts as
they did not meet the inclusion

criteria

A 4

A\ 4

647 full-text articles assessed for eligibility

570 full-text articles excluded
- Unclear methodology or outcomes

- Not RCT or experimental studies

v

- Participants not relevant
- Interventions not relevant

- Review articles

A 4

77 Studies were included in this study
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59 studies were included in the
qualitative synthesis

18 studies were included in the
quantitative synthesis
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Table 1 Characteristics and outcomes of 18 studies included in the meta-analysis

First author

Study type

Setting

Sample size Intervention

types

Assessment
tools for
sleep quality

Outcomes
scores

Conclusion

Quality
assessment

Baghaei [22]

Bagheri [23]

Blackburn [24]

Borji [25]

Cheraghi [26]

Cheraghi [27]

Davari [28]

Quasi-experi-
mental

RCT

RCT

RCT

RCT

RCT

RCT

CCU

CCU

ICU

CCU

CCU

CCU

CCU

Eye masks

Acupressure

Aromatherapy

Quiet time

Music therapy

Earplugs

Aromatherapy

PSQI

SMHSQ

PSQI

SMHSQ

PSQI

PSQI

SMHSQ

Pre-1: 6.7+ 1.1
Pre-C:
4.8+0.5
Post-I:
3.6+1.3
Post-C:
34+1.7

Pre-1: 28 +5.2
Pre-C:
30.2+5.82
Post-I:
25.66+3.6
Post-C:
30.03+4.05

Pre-1:
12.7+4.11
Pre-C:
12.7+4.11
Post-I:
9.7+3.6
Post-C:
12.34+3.44
Pre-I:
28.87+9.05
Pre-C:
25.52+8.73
Post-I:
20.92+6.45
Post-C:
28.05+8.38

Pre-1:
5.64+1.59
Pre-C:
6.33+3.09
Post-I:
4.04+1.03
Post-C:
8.81+2.46
Pre-1: 8.11+3
Pre-C:
6.33+3.08
Post-1: 6+2.3
Post-C:
8.8+2.45

Pre-1:
30.04+4.82
Pre-C:
30.36+5.77
Post-I:
25.08 +4.98
Post-C:
28.44 +6.62

Positive effect

Positive effect

Positive effect

Positive effect

Positive effect

Positive effect

Positive effect

Medium
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Table 1 (continued)

First author

Study type

Setting

Sample size Intervention

types

Assessment
tools for
sleep quality

Outcomes
scores

Conclusion

Quality
assessment

Farokhnezhad
[39]

Moeini [29]

Najafi Ghez-

eljeh [30]

Neyse [31]

Neyse [32]

Oshvandi [33]

Otaghi [34]

Quasi-experi-

mental

RCT

RCT

RCT

RCT

RCT

RCT

CCU

CCU

CCU

CCU

CCU

CCU

CCU

Music therapy

Aromatherapy
with Laven-
der

Music therapy

Earplugs

Earplugs and
eye masks

Relaxation
technique by
foot massage

Aromatherapy

PSQI

SMHSQ

PSQI

Petersburg
Sleep
Quality
Question-
naire

PSQI

SMHSQ

SMHSQ

Pre-I:
5.17+1.66
Pre-C:
52+1.8
Post-I:
4.53+1.27
Post-C:
11.23+2.3

Pre-I:
20.12+5.76
Pre-C:
18.31+4.44
Post-I:
13.97+2.58
Post-C:
18.68+3.52

Pre-I:
10.42+3.92
Pre-C:
10.6+4.76
Post-I:
6.24+3.99
Post-C:
9.81+3.75

Pre-I:
10.3+6.3
Pre-C:
8.4+19
Post-1:
6.31+2.1
Post-C:
74+2.2

Pre-1: 8.8 +2.8
Pre-C:
7.4+2.23
Post-1:
5.76+1.6
Post-C:
8.43+1.97

Pre-1:
19.67+6.25
Pre-C:
18.93+5.87
Post-I:
15.33+4.87
Post-C:
18.9+5.66

Pre-1:
22.46+6.43
Pre-C:
23.73+7.26
Post-I:
22.93+4.53
Post-C:
23.63+5.89

Positive effect

Positive effect

Positive effect

Positive effect

Positive effect

Positive effect

No effective

Good

@ Springer
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Table 1 (continued)

First author Study type Setting

types

Sample size Intervention

Outcomes Conclusion

scores

Assessment
tools for
sleep quality

Quality
assessment

Saeidi [35] RCT CCU

Samadi [36] RCT General ward

Shafiee [37] Quasi-experi- CCU

T
mental I: 36
C

Zolfaghari [38] Quasi-experi- CCU
mental 1: 30

Relaxation
1: 30 technique

Aromatherapy

172 Relaxation

technique

136 by massage
therapy

Earplugs and
eye masks

Pre-I:
11.2+3.4
Pre-C:
11.53+2.63
Post-I:
5.63+2.59
Post-C:
11.17+2.81

Pre-1:
16.63+1.98
Pre-C:
15.87+2.31
Post-I:
12.27+2.11
Post-C:
15.60+2.36

Pre-I:
22.5+3.6
Pre-C:22+3.8
Post-1:
11.8+2.8
Post-C:
15.5+4.7

Pre-I:
4.97+1.94
Pre-C: 5+1.93

Post-1:
4.5+1.59

Post-C:
11.3+2.26

Positive effect 3

PSQI

PSQI Positive effect 4

SMHSQ Positive effect Medium

Positive effect Medium

PSQI

RCT randomized clinical trial, / intervention group, C control group, T total, PSQI Petersburg’s Sleep Quality Index, SMHSQ St. Mary’s Hospi-

tal Sleep Questionnaire, CCU coronary care unit, /CU intensive care unit

focused on patients admitted to coronary care units (CCUs),
except for two trials conducted in intensive care units (ICUs)
[24] and in a non-ICU [39]. Various interventions were stud-
ied across the included trials. We identified five trials that
employed earplugs, eye masks, or a combination of both
[22,27,31, 32, 38], three trials that investigated music inter-
ventions [26, 30, 39], three trials that examined relaxation
technique [33, 35, 37], one trial that explored acupressure
[23], one trial that implemented quiet time [25], and five tri-
als that investigated the use of aromatherapy with lavender
[24, 28, 29, 34, 36].

3.3 Overall and Subgroup Meta-analysis

Eleven studies with 756 participants and seven studies with
446 participants reported data on sleep outcomes using the
PSQI and SMHSQ scales, respectively. The pooled SMD
analysis between intervention and control groups showed
a positive effect of nursing interventions on sleep quality
based on PSQI scores (SMD =—-4.21, 95% CI=-5.75 to

—2.67, P<0.001) and SMHSQ scores (SMD=-1.87,95%
CI=-2.77 to —0.98, P <0.001), with substantially het-
erogeneity among the studies (I>=97.8%, P <0.001 and
I?=93.5%, P<0.001), respectively (Fig. 2A, B). The results
showed that the mean scores of PSQI and SMHSQ of the
intervention groups were 4.21 and 1.87 points lower, respec-
tively, compared to the control groups. In both PSQI and
SMHSQ instruments, a lower score indicates better sleep
quality, so the results indicate an improvement in overall
sleep quality in the intervention groups.

Next, we carried out subgroup analyses by types of
nursing interventions according to PSQI (Fig. 3). In the
subgroup analyses separated by nursing interventions, pos-
itive effects on sleep quality were observed in studies that
used earplug and eye mask device (SMD =-4.02, 95%
Cl=-6.02to —1.12, I’=98.42%, P< 0.001), aromather-
apy intervention (SMD = —-3.88, 95% CI=-7.67 to —0.09,
P= 97.45%, P <0.001), and music therapy (SMD = —4.53,
95% CI=-7.69 to —1.36, I*=98.42%, P <0.001) to
improve sleep quality in hospitalized patients using the

@ Springer
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A
Treatment Control Cohen's d Weight

Study N Mean SD N Mean SD with 95% ClI (%)
Neyse f. et al; 2011 30 -3.99 4.354652684 30 -1 7127411872 B |-096][ -1.49, -042] 855
Neyse f. et al; 2011 30 -3.04 1.374045123 30 1.03 .7119761232 E -3.72[ -4.56, -2.88] 8.42
Zolfaghari m. et al; 2012 30 -47 .6564754375 30 6.3 .7382953339 —ll— -9.69[-11.50, -7.88] 7.72
Baghaee . et al; 2014 20 -3.1 .4277849927 20 -1.4 1.234908904 M |-1.84[ -258, -1.10] 847
Cheraghi m. et al; 2014 36 -1.6 .690919677 36 2.48 1.075657938 - -4.51[ -5.38, -3.64] 8.41
Saeidi Taheri z. et al; 2014 30 -5.57 1.239637044 30 -.36 .8783108789 - -4.85[ -5.85, -3.85] 8.33
Farokhnezhad A.etal;2016 31 -64  .602428419 31 6.03 .8148619515 —jll— -9.31[-11.02, -7.60] 7.81
Blackburn. et al; 2017 25 -3 1.318976876 25 -.36 1.364822333 M |-1.97[ -2.64, -1.29] 8.50
Cheraghi m. et al; 2018 36 -2.11 1.086278049 36 2.47 1.07307968 -.- -4.24[ -5.07, -3.41] 8.42
Najafi Ghezelje. et al; 2018 35 -4.18 1.252589318 35 -.79 1.674843276 B -2.29[ -2.90, -1.69] 8.52
Najafi Ghezelje. et al; 2018 35 -4.14 1.215466988 35 -.79 1.674843276 B -2.29[ -2.89, -1.69] 8.52
Samadi. et al; 2021 40 -4.36 .6593026619 40 -.27 .7400405394 - -5.84 [ -6.84, -4.83] 8.33
Overall -0 -4.21[ -5.75, -2.67]

Heterogeneity: 1° = 7.18, I’ = 97.79%, H® = 45.28
Test of 6, = 8;: Q(11) = 256.05, p < 0.001
Test of 6 = 0: z=-5.35, p < 0.001

-10 -5 0
Random-effects REML model
B
Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 95% CI (%)
Moeini m. et al; 2011 32 -6.15 3.405654122 32 .37 1.552185556 11— -2.46[-3.11, -1.81] 14.18
Shafiee z. et al; 2013 36 -10.7 1.283744523 36 -6.5 1.611210725 —J— -2.88[-3.54, -2.22] 14.15
Bagheri Nesami. et al;2014 30 -2.34 2.105231579 30 -.17 2.343074903 e o -0.97 [-1.51, -0.44] 14.52
Oshvandi kh. et al; 2014 30 -4.34 2.224443751 30 -.03 1.834807892 —- -2.11[-2.75, -1.48] 14.24
OTAGHI m. et al; 2017 30 47 2.553975333 30 -1 2.480532201 E B 0.23[-0.28, 0.73] 14.60
Borji m. et al; 2017 40 -7.95 3.549260486 40 2.53 2.727313697 —— -3.31[-3.99, -2.64] 14.10
Davari. et al; 2021 25 -4.96 1.557549357 25 -1.92 2.131253152 - -1.63[-2.27, -0.99] 14.21
Overall -~ -1.87[-2.77, -0.96]
Heterogeneity: 1° = 1.39, I = 93.54%, H® = 15.47
Test of 6; = 6;: Q(6) = 103.40, p < 0.001
Test of 8 = 0: z = -4.05, p < 0.001
r T 1
-4 -2 0 2

Random-effects REML model

Fig. 2 Forest plot of SMDs for sleep quality based on subjective sleep

PSQI. In addition, according to pooled analysis based on
SMHSQ (Fig. 4), relaxation technique had positive effects
on sleep quality in hospitalized patients (SMD = —2.76,
95% CI=-3.45 to —2.07, I*=69.96%, P <0.001). How-
ever, three trials showed no effects of aromatherapy on
sleep quality (SMD =-1.28, 95% CI=-2.84 to 0.29,
’=95.17%, P=0.065).

@ Springer

quality assessment tools (A) PSQI, and (B) SMHSQ

3.4 Sensitivity Analysis

In the overall analyses, when considering the sleep qual-
ity assessment tools used, substantial heterogeneities were
observed among studies utilizing the PSQI (/*=98.45%,
P <0.001) and the SMHSQ (I*=95.17%, P <0.001). To
investigate the influence of each individual study on the
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Treatment Control Cohen's d Weight

Study N Mean SD N Mean SD with 95% CI (%)
Earplugs and eye masks
Neyse f. et al; 2011 30 -3.99 4.354652684 30 -1 .7127411872 . -0.96 [ -1.49, -042] 8.55
Neyse f. et al; 2011 30 -3.04 1.374045123 30 1.03 .7119761232 -.- -3.72[ -4.56, -2.88] 8.42
Zolfaghari m. et al; 2012 30 -47 .6564754375 30 6.3 .7382953339 —l— -9.69[-11.50, -7.88] 7.72
Baghaee r. et al; 2014 20 -3.1 4277849927 20 -1.4 1.234908904 M [1.84[ -258, -1.10] 847
Cheraghi m. et al; 2018 36 -2.11 1.086278049 36 2.47 1.07307968 - -4.24 [ -5.07, -3.41] 8.42
Heterogeneity: 7° = 10.67, I’ = 98.45%, H’ = 64.36 —l—  |-4.02[ -6.92, -1.12]
Test of 8 = 6 Q(4) = 120.90, p < 0.001
Music therapy
Cheraghi m. et al; 2014 36 -1.6 .690919677 36 248 1.075657938 —.— -4.51[ -5.38, -3.64] 8.41

Farokhnezhad A.et al;2016 31 -.64 .602428419 31 6.03
Najafi Ghezelje. et al; 2018 35 -4.18 1.252589318 35 -.79
Najafi Ghezelje. et al; 2018 35 -4.14 1.215466988 35 -.79
Heterogeneity: 7° = 10.14, I’ = 98.42%, H’ = 63.20

Test of 6 = 8 Q(3) = 74.36, p < 0.001

Relaxation technique

Saeidi Taheri z. etal; 2014 30 -5.57 1.239637044 30 -.36
Heterogeneity: 7= 0.00, I’ = %, H =

Test of 6 = 6;: Q(0) =0.00, p =.

Aromatherapy
Blackburn. et al; 2017 25 -3 1.318976876 25 -.36
Samadi. et al; 2021 40 -4.36 .6593026619 40 -.27

Heterogeneity: 7 = 7.29, I> = 97.45%, H> = 39.23
Test of 8 = 6 Q(1) = 39.23, p < 0.001

Overall
Heterogeneity: 1° = 7.18, I* = 97.79%, H’ = 45.28
Test of 6 = 6;: Q(11) = 256.05, p < 0.001

Test of group differences: Q,(3) = 0.49, p = 0.92

Random-effects REML model
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Fig. 3 Forest plot of pooled SMDs for PSQI sleep quality according to different types of nursing interventions

SMD, we conducted additional meta-analyses by omit-
ting each study one at a time. The results showed that
the studies by Zolfaghari et al. [38], and Farokhnejhad
Afshar [39], had the most substantial impact on the total
index. These two studies overestimated the effect size in
terms of improving sleep quality. When excluding these
two studies, the estimate became borderline significant
(SMD =-4.14, 95% CI=-5.25 to —3.03) (Supplemen-
tary file, Figure S1A). Regarding the studies assessing
sleep quality based on the SMHSQ, the study by Otaghi
et al. [34], had the greatest impact on the overall SMD.
This particular study overestimated the magnitude of the
impact on improving sleep quality (SMD =-1.87, 95%
CI=-2.82to —0.91) (Supplementary file, Figure S1B).

3.5 Cumulative Meta-analysis

A cumulative meta-analysis was performed by repeatedly
conducting the meta-analysis with the addition of new stud-
ies. We conducted a cumulative meta-analysis based on
the publication year of the included studies. The findings
suggest that the effect of nursing interventions on patients’
sleep quality experienced a temporary decrease between
2012-2014 and 2018-2020 (Supplementary file, Figure
S2A). When considering the data from the SMHSQ, there
appears to be a decline in the effectiveness of nursing inter-
ventions over time, spanning from 2011 to 2021. However,
this reduction in effectiveness did not reach statistical sig-
nificance. Overall, the cumulative SMD of sleep quality did
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Treatment Control Cohen's d Weight
Study N Mean SD N Mean SD with 95% ClI (%)
Aromatherapy
Moeini m. et al; 2011 32 -6.15 3.405654122 32 .37 1.552185556 —- -2.46[-3.11, -1.81] 14.18
OTAGHI m. et al; 2017 30 47 2.553975333 30 -1 2.480532201 - 0.23[-0.28, 0.73] 14.60
Davari. et al; 2021 25 -4.96 1.557549357 25 -1.92 2.131253152 —- -1.63[-2.27, -0.99] 14.21
Heterogeneity: 1° = 1.82, I’ = 95.17%, H* = 20.70 —e -1.28[-2.84, 0.29]
Test of 6 = 6;: Q(2) = 45.59, p < 0.001
Relaxation techniques
Shafiee z. et al; 2013 36 -10.7 1.283744523 36 -6.5 1.611210725 —J— -2.88[-3.54, -2.22] 14.15
Oshvandi kh. et al; 2014 30 -4.34 2224443751 30 -.03 1.834807892 —- -2.11[-2.75, -1.48] 14.24
Borji m. et al; 2017 40 -7.95 3.549260486 40 2.53 2.727313697 —— -3.31[-3.99, -2.64] 14.10
Heterogeneity: 1° = 0.26, I’ = 69.96%, H* = 3.33 - -2.76 [ -3.45, -2.07]
Test of 8 = 6: Q(2) =6.71, p = 0.03
Acupressure
Bagheri Nesami. et al;2014 30 -2.34 2.105231579 30 -.17 2.343074903 - -0.97[-1.51, -0.44] 14.52
Heterogeneity: 1° = 0.00, I’ = .%, H’ = . > -0.97 [ -1.51, -0.44]
Testof 8 =6: Q(0) =0.00,p =.
Overall - -1.87 [ -2.77, -0.96]
Heterogeneity: 1° = 1.39, I” = 93.54%, H’ = 15.47
Test of 8 = 6;: Q(6) = 103.40, p < 0.001
Test of group differences: Q,(2) = 16.28, p < 0.001
iz o »

Randome-effects REMI. madel

Fig.4 Forest plot of pooled SMDs for SMHSQ sleep quality according to different types of nursing interventions

not exhibit a discernible trend over time, with no significant
differences observed (Supplementary file, Figure S2A).

3.6 Publication Bias

In 11 studies that reported the SMD of nursing interven-
tions on sleep quality among experimental and control
groups based on PSQI, the funnel plots, Begg’s (P <0.001)
and Egger’s (P=0.003) tests showed some publication bias
(Supplementary file, Figure S3A). In 7 studies that reported
the SMD of nursing interventions on sleep quality based
on SMHSQ, the funnel plots showed asymmetric mood and
confirmed presence of publication bias. In addition, the
Begg’s (P=0.006) and Egger’s (P <0.001) tests showed a
publication bias (Supplementary file, Figure S3B).

3.7 Explore Heterogeneity
Meta-regression analysis was performed to find the source of
heterogeneity among the trials that reported the sleep qual-

ity after nursing interventions based on PSQI and SMHSQ.
The year of the study, sample size, age, gender and marital
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status of the subjects in each group (experimental and con-
trol groups), were used for exploration the heterogeneity.
The results of meta-regression analysis are presented in
(Supplementary file, Table S3). While there were an associa-
tion between age [age in control group (P=0.036), and age
in intervention group (P =0.031)] and male gender [male
gender in control group (P =0.039), and male gender in
intervention group (P =0.044)] with improvement of sleep
quality based on PSQI, no such association was observed
between variables and outcome in studies that reported the
sleep quality based on SMHSQ.

3.8 Characteristics of Included Studies
in the Qualitative Synthesis

Fifty-nine studies with 6618 participants were included in
the systematic review [40-98]. The characteristics of 59
studies are presented in (Supplementary file, Table S4).
The sleep scales varied among these trials; but the major-
ity of trials used subjective sleep scales to measure sleep
quality. Among the subjective tools for sleep evaluation, the
Richards Campbell Sleep Questionnaire (RCSQ) (n=14)
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[42, 45, 54, 60, 64, 65, 68, 69, 72, 77, 90, 94, 95], and the
Veran Snyder-Halpern subjective sleep quality questionnaire
(VSHSS) (n=13) [40, 44, 47, 49, 50, 67, 73, 80, 82, 85-87,
92], were the most frequently used. Six trials used the PSQI
scale [46, 53, 59, 66, 81], and four trials used SMHSQ [33,
89, 91, 97]. On the other hand, among the objective tools for
sleep evaluation polysomnography (PSG) (n=7) [43, 51, 56,
57,75, 78, 88], was the most frequently used. A trial used
electroencephalography (EEG) [56], Actigraphy [48], and
Bispectral index (BIS) [61] for sleep assessment. In addition,
five studies used an author-designed sleep questionnaire [63,
70, 71, 83, 84], and ten studies used variable assessment
tools such as Epworth Sleepiness Scale (ESS) [52, 58, 76],
Hospital Sleep Quality Questionnaire [74, 96], Sleep Effi-
ciency Index (SEI) [79], Glide well Rapid Sleep Screening
(GRSS) [62], Groningen Sleep Quality Scale (GSQS) [93],
and Psychometric properties of the Patient-Reported Out-
comes Measurement Information System (PROMIS) sleep
disturbance questionnaire [55].

3.9 Qualitative Reporting of Results

The 59 articles were sorted by type of nursing interventions
and are presented in the following categories: sleep hygiene
interventions (n=12) [33, 42,47, 52,57, 58, 64, 69, 72,79,
84, 90], earplugs or eye masks or both interventions (n=12)
[44, 51, 63, 67, 70, 71, 73, 83, 86, 87, 92], aromatherapy
interventions (n=10) [40, 45, 49, 50, 66, 74,77, 94, 96, 97],
music interventions (n=06) [59-61, 68, 85, 88], acupressure
intervention (n=2) [48, 91], relaxation techniques (n="7)
[41,75, 76, 80-82, 89], ventilator mode interventions (n=2)
[43, 78], protective care and behavioral interventions (n=4)
[54, 62, 65, 93], and studies that used multi-interventions
compare with routine care (n=4) [46, 55, 56, 95].

3.10 Sleep Hygiene Interventions

Sleep hygiene or reduced sleep interruption programs
attempt to reduce the number of elements that can disrupt
sleep, both in the environment and on a personal level. Quite
time, noise reduction, lighting control, synchronization of
ICU activities with daylight, regulation of room tempera-
ture for greater comfort, avoidance of daytime napping,
and engaging in physical exercise throughout the day are
examples of such interventions. We identified 12 studies [33,
42,47, 52,57, 58, 64, 69, 72, 79, 84, 90], that examined
the effect of sleep hygienic interventions on patients’ sleep
quality, which included noise reduction and light control
[52, 79, 98], controlling night-time noise and activities [72],
night noise reduction [64, 90], quiet time [47, 58, 69, 84],
and separation room of patients [57]. Out of 12 studies, 10
(83.3%) studies indicated that the sleep hygiene interven-
tions are easy to apply and effective in improving the sleep

quality. However, two trials by Diaz Alonso [52], and Van
de pol et al. [90], did not find that reducing night noise was
effective in improving patients’ sleep quality.

3.11 Earplugs or Eye Masks or Both Interventions

Eleven studies reported the efficacy of eye masks, earplugs
or both interventions on subjective sleep quality using the
PSQI [53], VSHSS [44, 67, 73, 86, 87, 92], and an author-
designed sleep questionnaire [63, 70, 71, 83]. Additionally,
a study showed the positive effect of eye masks or earplugs
or both on objective sleep variables as measured using PSG
[51]. Due to clinical heterogeneity in study design and differ-
ent types of assessment tools, the results from these studies
could not be statistically combined. However, all of these
studies (100%) show that the use of eye masks or earplugs,
or both, contributes to patients’ sleep quality.

3.12 Aromatherapy Intervention

Ten studies compared aromatherapy intervention to usual
care and measured perceived sleep quality using various
assessment tools, including VSHSS [40, 49, 50], RCSQ [45,
77, 94], PSQI [66], SMHSQ [97], and the Sleep Hospital
Quality Questionnaire [74, 96]. Two studies used hybrid
aromatherapy [40, 49], six studies used lavender [45, 50,
66, 74, 77, 94], one trial used damask rose extract [97], and
another used “Citrus Aurantium” aroma [96]. The majority
of results (nine out of ten studies) showed that aromatherapy,
as a cost-effective and uncomplicated method, can improve
the sleep quality of hospitalized patients [40, 45, 49, 50,
66, 74, 77, 96, 97]. However, Borromeo et al.’s study [94]
revealed that passively diffused aromatherapy using lavender
did not significantly affect sleep quality in CCU patients.
Thus, 91.7% of studies reported aromatherapy as an effec-
tive intervention.

3.13 Music Intervention

Six studies investigated the impact of music therapy versus
usual care on patients’ sleep quality. Four of these studies
assessed subjective sleep variables using tools like PSQI
[59], VSHSS [85] and RCSQ [60, 68], while two studies
measured objective sleep variables using BIS BIS [61]
and PSG [88]. Of the six studies, five found music therapy
to be effective in improving sleep quality [60, 61, 68, 85,
88]. However, Ghiasvandian et al. [59] conducted a study
on 70 patients undergoing coronary artery bypass surgery
(CABG) and measured objective sleep variables using BIS.
The results showed no significant difference in sleep quality
before and after the intervention between the experimental
and control groups.
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3.14 Relaxation Techniques

Seven RCTs evaluated the impact of various relaxation
techniques on sleep quality in patients in critical care units
(CCUgs). The techniques assessed included relaxation and
imagery, massage therapy, muscle relaxation, foot baths,
relaxation training, and foot reflexology massage. The
studies measured sleep quality using different tools, such
as the EES [76], PSQI [41, 81], VSHSS [80, 82], SMSHQ
[89], and one trial used the PSG [75]. Of the seven stud-
ies, two trials by Namba et al. [75] and Talebi Ghadico-
laei et al. [89], found that foot baths were not effective in
improving sleep quality for patients.

3.15 Acupressure Intervention

Two studies reviewed the effects of valerian acupressure
intervention on sleep quality [48, 91]. Yaghoubi et al. [91]
conducted an RCT with 60 ICU patients after CABG to
evaluate the effectiveness of valerian acupressure com-
pared to routine care. The experimental group received
acupressure while the control group only took sedative
drugs as needed. Sleep quality was measured using the
SMHSQ and results showed that the experimental group
had significantly lower scores than the control group [14
(13-14) vs. 23 (23-25), P=0.001], indicating that vale-
rian acupressure can improve sleep quality in CABG
patients. Chen et al. [48] also conducted an RCT to explore
the effects of valerian acupressure on the sleep of ICU
patients. The experimental group received acupressure
on specific points while the control group received con-
ventional treatment. Results showed that the experimental
group had increased sleep time and decreased frequency
of waking up, supporting the hypothesis that valerian acu-
pressure could improve sleeping time and quality for ICU
patients.

3.16 Ventilator Mode Intervention

Two cross-over trials were conducted to investigate the
effects of ventilator modes on objective sleep variables in
ICU patients, using PSG [43, 78]. One trial by Parthasarathy
et al. [78], which compared the objective sleep variables
of participants receiving Assist Control Ventilation (ACV)
versus Pressure Control Ventilation (PCV). This trial dem-
onstrated a significant increase in Sleep Efficiency Index
(SED (75+5 vs. 6315, P<0.05) and a significant reduction
in sleep fragmentation index (54 +7 vs. 79+ 7, P<0.05)
in the ACV group compared to the PSV group. Another
trial by Andréjak et al. [43] showed that sleep quantity and
quality were significantly improved with PCV compared to
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spontaneous ventilation with 6 cm H2O inspiratory pressure
(low-PSV).

3.17 Care and Behavioral Interventions

Four RCTs and two quasi-experimental studies were con-
ducted to evaluate the effects of protective care and behav-
ioral interventions on subjective sleep variables [54, 62, 65,
93]. Of the four studies, two by Kamdar et al. [65], and
Johanson et al. [62], found that physiotherapy and cognitive-
behavior therapy did not effectively improve patients’ sleep
quality In a quasi-experimental clinical trial involving 160
patients undergoing CABG, those who received supportive
educational intervention for at least two days showed sig-
nificantly better sleep quality than the control group who
received routine care [93]. Sleep quality was assessed using
the Groningen Sleep Quality Scale (GSQS), which ranges
from O to 14, with higher scores indicating lower subjective
sleep quality. The mean GSQS score for the experimental
group was 4.6 +£5.50, while that of the control group was
10.76 +1.27 (P <0.0001).

3.18 Multi-interventions

Four studies were conducted to investigate the impact of
combination interventions versus the usual care on patients’
sleep quality [46, 55, 56, 95]. The multi-interventions
included oral melatonin with eye mask/earplugs [56], aro-
matherapy (damask rose) with eye masks [46], earplugs/
eye masks with relaxing music [95], and earplugs/eye
masks with white noise [55]. Although all studies indicated
that both types of interventions had a significant effect on
patients’ sleep quality compared to routine care, we assessed
the trials using Jadad scoring and confirmed that two studies
[56, 95] did not report why participants withdrew or were
removed from the study. Moreover, they did not use double-
blind procedures between examiners and examinees.

4 Discussion

This study aimed to examine the effect of nursing interven-
tions on the sleep quality of hospitalized individuals. A sys-
tematic review and meta-analysis were conducted, analyzing
a total of 77 studies involving 7771 participants. Among
these 77 studies, 18 studies (comprising 1153 patients)
shared similarities in terms of methodology, study popula-
tion, sleep quality measurement tools, and inclusion/exclu-
sion criteria. Consequently, these 18 studies were included
in the meta-analysis, while the remaining studies (n=159)
underwent a systematic review. The nursing interventions
investigated in this study were categorized into eight main
groups, including sleep hygiene (factors such as noise
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reduction, lighting control, and quiet time), the use of ear-
plugs or eye masks (or both), aromatherapy, music therapy,
relaxation techniques, acupressure, protective and behavio-
ral interventions, and ventilator modes. The evaluation of
patients’ sleep quality was conducted using various tools,
which could be classified into two approaches: objective
sleep quality (measured by PSG, BIS, EEG, or actigraphy)
and subjective sleep quality (measured by PSQI, SMHSQ,
VSHSS, RCSQ, or original sleep questionnaires).

After analyzing the 18 studies included in the meta-anal-
ysis, it was observed that 11 of these studies utilized the
PSQI scale, while the remaining 7 studies used the SMHSQ
scale to assess patient sleep quality. The results of the meta-
analysis indicated a positive effect of nursing interventions
on sleep quality when examining both PSQI and SMHSQ
scores in the pooled SMD analysis between the intervention
and control groups. Moreover, upon conducting subgroup
analysis, it was discovered that patients who received nurs-
ing interventions such as earplugs and eye masks, music
therapy, or aromatherapy exhibited significantly improved
sleep quality, as indicated by the PSQI scores.

The use of earplugs/eye masks or a combination of both
has consistently demonstrated a positive effect on the sleep
quality of hospitalized patients. This is supported by 12 stud-
ies [44, 51, 53, 63, 67, 70, 71, 73, 83, 86, 87, 92], in the
review section and five studies [22, 27, 31, 32, 38] included
in the meta-analysis. These findings are consistent with our
previous study [7]. Regarding relaxation techniques, such as
therapeutic massage, Hatha Yoga exercise, muscle relaxa-
tion, reflexology massage, and foot bath, their impact on
sleep quality among hospitalized patients was explored in
10 studies out of the total 77 reviewed. Among these 10
studies, three [33, 35, 37], were included in the meta-anal-
ysis, revealing a positive effect of implementing relaxation
techniques on sleep quality. The remaining seven studies
[41, 75, 76, 80-82, 89] underwent systematic review, and
five of them [41, 76, 80-82] demonstrated a significant
improvement in sleep quality following the use of relaxa-
tion techniques. These results are consistent with previous
studies, particularly a systematic review [99], which reported
positive effects of therapeutic massage on outcomes such as
stress, anxiety, pain, and sleep quality among adult patients
in the ICU. Overall, the evidence suggests that relaxation
techniques can be an effective approach to enhance sleep
quality in hospitalized patients. In addition, the review
reveals that 83% of the studies analyzed in the systematic
section highlight the positive impact of music interventions
on patients’ sleep quality [60, 61, 68, 85, 88]. This finding is
further supported by the meta-analysis, which confirms the
favorable effects of music interventions [26, 30, 39].

Based on the results of individual studies, several interven-
tions have shown a positive impact on both the quality and
quantity of sleep. These interventions include implementing

quiet time [47, 58, 69, 84] and reducing noise levels [42, 57,
64,72,79, 90, 98] as part of sleep hygiene practice, using care-
behavioral methods [54, 62, 65, 93] and adjusting ventilator
modes [43, 78]. However, due to variations in study design
and assessment tools across different clinical settings, it was
not feasible to statistically combine these results. Additionally,
combining interventions such as music therapy with the use
of eye masks/earplugs or oral melatonin in conjunction with
eye masks/earplugs has demonstrated improved outcomes, as
shown in several studies [46, 55, 56, 95]. Notably, these stud-
ies have reported statistically significant differences between
the intervention and control groups. Nevertheless, the lack of
rigorous methodological approaches diminishes the strength
of the evidence obtained.

4.1 Strengths and limitations

In this study, we conducted an extensive literature search in
Persian and English languages, without any date restrictions.
Additionally, we thoroughly reviewed the reference lists in
relevant articles. It is important to note that this study is the
first of its kind to specifically focus on the effects of nursing
interventions on the sleep quality of hospitalized patients. We
ensured the adherence to rigorous PRISMA guidelines in our
research methodology. Moreover, each study’s risk of bias
was assessed using either the Jadad rating scale or JBI qual-
ity assessment tool. Sensitivity analysis and meta-regression
analysis were also conducted to ensure the robustness of the
findings. However, it is crucial to acknowledge the limitations
of this study. Firstly, out of the 77 related studies, only data
from 18 were included in the meta-analysis, potentially limit-
ing the generalizability of the findings. Furthermore, the stud-
ies exhibited heterogeneity due to variations in demographic
and clinical characteristics of the population, which might
have influenced the outcomes. The small sample sizes of the
included studies could impact the statistical power and preci-
sion of the results. Additionally, the short duration of evalua-
tion periods in some studies might limit our understanding of
the long-term effects of the interventions. The use of various
subjective and objective sleep assessment techniques across
studies introduces the possibility of inconsistencies and biases
in the data. Lastly, the presence of methodological limitations,
such as the lack of double-blinding, raises concerns about the
reliability and accuracy of the obtained results. Therefore, it
is necessary to interpret the results of this study with caution,
considering these limitations.

5 Conclusions
Based on our findings, a substantial number of individual

studies indicate that nursing interventions have the poten-
tial to enhance both the quantity and quality of sleep in
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hospitalized patients. However, it is important to note that
most of the included studies were limited to qualitative syn-
thesis due to variations in intervention types, control groups,
populations, outcome measurements, and reliance on self-
reported outcomes. To estimate the effectiveness of these
interventions on sleep, we conducted a meta-analysis using
two measurement tools (PSQI and SMHSQ). The analysis
revealed evidence of a positive effect on both the quantity
and quality of sleep in hospitalized patients for only four
specific interventions: the use of earplugs and eye masks,
relaxation techniques, music therapy, and aromatherapy
interventions. It is crucial to exercise caution in interpret-
ing these results due to the differing methodological quality
and heterogeneity of the included studies. Drawing definitive
conclusions about the efficacy of different interventions is
challenging. Nevertheless, these findings offer a compre-
hensive dataset to explore the current evidence and suggest
potential areas for future studies.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s44231-024-00056-9.
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