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Purpose: Perioperative sleep disorders have attracted much attention due to their high prevalence and severe harm, and the current 
treatment methods are insufficient. Some randomized controlled trials (RCTs) have produced controversial results on whether 
melatonin can improve perioperative sleep quality. This review aimed to evaluate the effects of melatonin treatment on perioperative 
sleep quality.
Patients and Methods: A systematic search of six databases was performed to identify RCTs investigating melatonin and 
perioperative sleep. The outcomes analyzed were subjective sleep quality, sleep latency (SL), total sleep time (TST), sleep efficiency 
(SE), the behavior of awakenings and daily naps, and the incidence of poor sleep quality. RevMan 5.4 and Stata 16 software was used 
for the meta-analysis and sensitivity analysis, and trial sequential analysis was conducted using TSA 0.9.5.10 Beta software. This 
study was registered in PROSPERO (registration number: CRD42022311378).
Results: 10 studies containing 725 participants were included. Melatonin improved postoperative subjective sleep quality (SMD: 
−0.30; 95% CI: [−0.47, −0.14]; P = 0.0004) but not preoperative sleep quality (MD: −2.76; 95% CI: [−10.44, 4.91]; P = 0.48). In the 
postoperative period, 6mg dose had the best efficacy (SMD: −0.31; 95% CI: [−0.57, −0.04]; P = 0.02). Melatonin increased 
postoperative TST (P = 0.02) and SE (P = 0.002) and decreased the incidence of postoperative poor sleep quality (P = 0.002) but 
had no effect on SL (P = 0.11), the number and duration of awakenings (P = 0.28; P=0.55), and the number and duration of daily naps 
(P = 0.26; P = 0.38). The trial sequential analysis showed that the accumulated Z value crossed both the traditional boundary value and 
the TSA boundary value, further confirming the stability of the result of the meta-analysis.
Conclusion: Melatonin treatment can improve postoperative sleep quality. A 6mg daily dose of melatonin may have a better 
beneficial effect, which needs further exploration. This study supports the application of melatonin for improving postoperative 
sleep quality.
Keywords: melatonin, sleep quality, perioperative, preoperative, postoperative, meta-analysis

Introduction
Perioperative sleep disorders have become a significant challenge in the current medical environment due to their high 
prevalence, with estimates ranging from 64% to 73.1%.1–3 Perioperative sleep disorders may contribute to a variety of 
serious postoperative complications. The common complications include postoperative neurocognitive disorder (PND), 
postoperative delirium, postoperative pain exacerbation, and sensitization.1,4–7 In addition, mood disorders and other 
psychological problems, cardiovascular disorders, metabolic impairment, and immune disorders can also occur.4,6 More 
than that, the length of hospital stay will be extended, and the prognosis of surgical patients will be affected.8,9 However, 
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there is still no definite treatment for perioperative sleep disorders. Treatments that focus on the sleep environment and 
mood are usually influenced by multiple factors. Traditional drug treatment, such as benzodiazepines, is often limited due 
to the noticeable adverse reactions.4,6 Although acupuncture has emerged in recent years, it needs to be further confirmed 
by large-scale trials owing to limited efficacy and lack of evidence.10 Thus, there is an urgent need for a drug with 
a definite sleep-promoting effect and fewer adverse reactions to improve perioperative sleep quality.

Melatonin (n acetyl 5 methoxytryptamine), an indoleamine produced by the pineal gland, is the neuroendocrine basis 
for regulating sleep and has a variety of other physiological functions (such as modulating blood pressure, body 
temperature, immune and metabolic function).11–13 Studies have supported the clinical application of perioperative 
melatonin as a treatment for sleep disorders, anxiety, and pain.14–17 Many randomized controlled trials (RCTs) demon-
strated that melatonin treatment was effective in improving preoperative and postoperative sleep quality.18–20 Besides, 
melatonin rarely produces dependence and hangover effects compared to traditional sleep medications.21 A systematic 
review also showed that perioperative melatonin was not associated with any known adverse reactions.22

Considering the high incidence rate and severe consequences of perioperative sleep disorders, many RCTs have explored the 
association between perioperative sleep quality and melatonin. However, inconsistent or conflicting findings were obtained in 
some studies.23–25 To clarify these contradictory results and more accurately assess the effectiveness of melatonin, a systematic 
review and meta-analysis were performed. Interestingly, some studies showed that melatonin did not improve perioperative sleep 
quality but improved sleep-related indexes such as sleep latency (SL), total sleep time (TST), and sleep efficiency (SE).26,27 In 
addition, most previous studies had small sample sizes.20,24,26 We therefore systemically searched and analyzed the available 
literature to assess not only the efficiency of melatonin treatment on perioperative subjective sleep quality but also on the sleep- 
related indexes, including SL, TST, SE, the number and duration of awakenings, and the number and duration of daily naps. In 
Andersen’s systematic review,22 the effects of melatonin on perioperative sleep quality were only qualitatively analyzed, not 
quantitatively. Zhang et al8 also performed a meta-analysis. However, the participants only involved patients undergoing 
laparoscopic cholecystectomy (LC) and only assessed postoperative sleep quality, and preoperative sleep quality has not been 
systematically assessed. Only 5 studies were included in Zhang’s study and concluded that melatonin did not improve 
postoperative sleep quality. Therefore, our study has some unique features. We analyzed the sleep quality of the whole 
perioperative period (including preoperative and postoperative) and performed a subgroup analysis based on several doses of 
melatonin. And we also evaluate the efficacy of melatonin treatment on the incidence of postoperative poor sleep quality.

This meta-analysis aimed to evaluate the clinical efficacy of melatonin treatment on perioperative sleep quality and 
the incidence of poor sleep quality and determine which dose of melatonin shows the greatest benefit.

Materials and Methods
This study has been registered in PROSPERO (registration number: CRD42022311378) and was conducted according to 
the PRISMA statement.28

Search Strategy
Databases, including PubMed, Embase, Cochrane library, Web of Science, ClinicalTrials.gov, and WHO International 
Clinical Trials Registry Platform, were searched to find relevant articles from the establishment of the database to 
February 06, 2022, in all languages. The search terms were as follows: 1) sleep, sleep quality, sleep wake disorders, sleep 
disorder; 2) perioperative, preoperative, postoperative, surgery, operation, anesthesia; 3) melatonin, n acetyl 5 methox-
ytryptamine; and 4) study type. Then, we checked the lists of references of the relevant articles to find additional articles. 
Finally, the detailed search strategy of each database was shown in the additional file (see Appendix 1–4).

Eligibility Criteria
According to the PICOS formula, the studies meeting the following criteria were included:

Participants: patients undergoing all types of surgery under any anesthesia.
Interventions: melatonin treatment during the perioperative period with no limitation of dose, route of administration, 

and time of administration.
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Comparisons: Placebo
Outcomes: sleep-related outcome measures were reported from 3 days before surgery to 3 days after surgery. The 
subjective sleep quality scale, including the visual analog scale (VAS) and sleep quality scale (SQS), were used as the 
primary outcomes. Sleep latency (SL), total sleep time (TST), sleep efficiency (SE), number and duration of awakenings, 
number and duration of daily naps, and the number of patients with poor sleep quality were used as the secondary 
outcomes.

Study Design: RCTs
We excluded the following: 1) articles that were repeatedly published or had no quantitative outcomes; 2) the results were 
not reported within the range of 3 days before surgery to 3 days after surgery; 3) reviews, case reports, conference 
abstracts, study protocols, bulletins, and consensus statements.

Study Selection
We used EndNote X9 software to manage the references and remove duplicate articles. The retrieved results were 
preliminarily screened by reading the title and abstract. If a study was eligible or ambiguous, we read the full text for 
secondary screening. The process of study selection was performed independently by two investigators (Gao & Chen). 
Disagreements were resolved through discussion. If the opinions were not unified, the third independent reviewer (Li) 
participated and decided.

Data Extraction
Two investigators (Gao & Chen) independently extracted related data, including study characteristics and measured 
outcomes. Disagreements were resolved through consultation with the third investigator (Li). The study characteristics 
include the first author’s name, year of publication, study location, study design, the type of surgery, sample size, gender, 
mean age, interventions (dose, route of administration, and time of melatonin), comparisons, reported outcomes type. The 
measured outcomes include the mean and standard deviation (SD) after the intervention of VAS or SQS score, SL, TST, 
SE, number and duration of awakenings, and number and duration of daily naps, but also include the number of patients 
or incidence of perioperative poor sleep quality or perioperative sleep disorders. Then, ClinicalTrials.gov and WHO 
International Clinical Trials Registry Platform were evaluated to obtain the most recent and complete data. Finally, if the 
reporting was unclear, we contacted the corresponding author to obtain the complete data.

Risk of Bias
For risk of bias, two independent investigators (Gao & Chen) used the Cochrane Risk of Bias tool (RoB 2.0) to estimate 
selection, performance, detection, attrition, reporting, and other biases.29 The RoB 2.0 comprises the following domains: 
random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome 
assessment, incomplete outcome data, selective reporting, and other biases. These items were scored as low, unclear, 
or high risk of bias. Disagreements were resolved through discussion.

Statistical Analysis
The effect of melatonin on perioperative sleep quality was assessed by the mean and SD of the following continuous 
outcomes: VAS or SQS score, SL, TST, SE, number and duration of awakenings, and number and duration of daily naps. 
In addition, we used dichotomous data to assess the efficacy of melatonin treatment on the incidence of poor sleep 
quality. For continuous outcomes, we calculated the mean difference (MD) with 95% confidence intervals (CI). If the 
data included both VAS and SQS scores, the standardized mean difference (SMD) was used to calculate results with 95% 
CI. We calculated dichotomous outcomes as the risk ratio (RR) was used with 95% CI. The P-value of less than 0.05 was 
deemed statistically significant. If the outcomes are reported several times during the preoperative or postoperative 
period, we calculated the mean value as the overall outcomes. The chi2 test and I2 statistic were used to evaluate 
heterogeneity across studies. Significant heterogeneity was considered to exist if the chi2 test yielded P < 0.10 and I2 

Nature and Science of Sleep 2022:14                                                                                               https://doi.org/10.2147/NSS.S381918                                                                                                                                                                                                                       

DovePress                                                                                                                       
1723

Dovepress                                                                                                                                                              Gao et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


statistic >50%, and the random-effects model (REM) was used. Otherwise, we considered that there is no significant 
heterogeneity across studies, and the fixed-effects model (FEM) was utilized. Strikingly, to determine the possible 
sources of heterogeneity across studies and the respective effect of different doses of melatonin on postoperative 
subjective sleep quality, we performed a subgroup analysis according to several doses of melatonin. Meta-analysis 
was conducted through the RevMan 5.4 software.

In addition, to further confirm the result of the meta-analysis, the TSA 0.9.5.10 Beta was used for trial sequential 
analysis. The boundary value type of hypothesis testing is set as a two-sided test. We set the probability of the type I error 
as α = 0. 05, and the sample size is taken as the expected information value (RIS). Finally, to evaluate the reliability of 
the result of this meta-analysis, we performed a sensitivity analysis by the Stata 16 software.

Results
Search results
The initial search identified 815 records through PubMed, Embase, Cochrane library, Web of Science, ClinicalTrials.gov, and 
WHO International Clinical Trials Registry Platform, and 6 additional records. 541 records remained after removing 280 
duplicates by using EndNote X9. After screening the title and abstract, 470 studies were excluded, and 71 records were 
included for full-text evaluation. After applying eligibility criteria, 60 studies were excluded due to wrong participant (n = 5), 
wrong comparison (n = 2), wrong outcome (n = 38), wrong study design (n = 4), Insufficient endpoints (n=11), or repeated 
publication (n = 1). Finally, 10 trials were selected in this review. The flow diagram of the study screening is shown in Figure 1.

Characteristics of Studies
Eventually, 10 RCTs were identified, and the total sample size was 725, including 380 participants in the melatonin group and 
345 participants in the placebo group. Studies were carried out in various countries such as China,19 Denmark,24–27 India,30 

Saudi Arabia,31 Singapore,32 Turkey,20 and the USA.23 The type of surgery included breast Cancer Surgery,26,27 hip 
arthroplasty,19 knee arthroplasty,23 laparoscopic cholecystectomy (LC),24,25,30 minor elective surgery,31 prostatectomy,20 

and wisdom teeth extraction.32 The sample size ranged from 3724 to 139.19 Some studies involved only males20 or 
females.24,26,27 The rest of the included studies enrolled both genders.19,23,25,30–32 The melatonin dose ranged from 1mg19 

to 10mg,24 among which 6 mg was the most frequently used dose.20,26,27,30,32 In addition, Samarkandi’s study31 included more 
than one melatonin group, ie, one receiving melatonin at a dose of 0.1mg/kg, one receiving melatonin at a dose of 0.25mg/kg, 
and the other with a dose of 0.5mg/kg. Only Andersen’s study24 used the type of administration of intravenous infusion, and 
the type of administration of all other studies was oral.19,20,23,25–27,30–32 2 studies26,27 reported the effectiveness of melatonin 
treatment on preoperative VAS scores. 6 studies19,24–26,30,32 reported the effectiveness of melatonin on postoperative VAS 
scores. One study23 reported the effectiveness of melatonin on postoperative SQS scores. 3 studies25,26,30 reported the efficacy 
of melatonin on SL, TST, number of awakenings, and number of daily naps. 2 studies26,27 reported the efficacy of melatonin 
on SE. 2 studies25,30 reported the efficacy of melatonin on the duration of awakenings and duration of daily naps. 2 studies20,31 

reported the efficacy of melatonin on the incidence of poor postoperative sleep quality. The detailed characteristics of these 10 
studies are shown in Table 1.

Risk of Bias
10 studies were assessed for the risk of bias, the abridged risk of bias graph is shown in Figure 2, and the risk of bias details 
of each study are described in Figure 3. One study19 provided insufficient details about generating random sequences and was 
considered an unclear risk of bias, and the other 9 studies20,23–27,30–32 showed low risk of bias. 5 studies20,23,24,30,31 assessed 
the unclear risks of selection bias for the insufficient information on the allocation concealment. 8 studies19,20,23,25–27,31,32 

showed low risk of performance bias and detection bias in terms of blinding of participants and personnel, and the remaining 
2 studies24,30 apprised as unclear risks of performance bias and detection bias due to lack of the relevant details. Due to the 
incomplete outcome data, one study27 was considered at high risk of attrition bias, and 2 studies23,31 showed unclear risks of 
attrition bias. One study23 showed a high risk of reporting bias owing to the selective reporting of pre-stated outcomes. One 
study27 was terminated prematurely due to an overall low inclusion rate. Therefore, we considered this study to have a high 
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risk of other biases. One study23 showed a higher risk of other biases because of the report of potential conflicts and uneven 
gender distribution of baseline. We considered the risk of other biases to be high in one study26 due to differences in the 
median duration of surgery and anesthesia. 2 studies25,31 reported an unclear risk of other bias for the insufficient details 
about potential conflicts of interest or study fundings.

Figure 1 Flow diagram of study screening.
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Table 1 Characteristics of the Studies

Study 
(Country)

Participants (the 
Type of Surgery)

Sample Size, Gender, Age 
(Melatonin/Placebo)

Interventions (Daily Dose, Route 
of Administration, Time)

Outcomes

Andersen 201424 

(Denmark)

LC MEL: 20, all female, 57 (23– 

69) 

PLA: 21, all female, 45 (20– 

67) 

Data are median and range

MEL-10mg 

(25 mL ethanol/saline solution 

containing 10 mg of melatonin), 

intravenous infusion, 

the time of surgical incision

VAS

Borazan 201020 

(Turkey)

Prostatectomy MEL: 26, all male, 57 ± 7 

PLA: 26, all male, 58 ± 6 

Data are mean ± SD

MEL tablet-6mg, 

oral, 

PERD1 (11 p.m.) and 1 h before 

surgery

Incidence of poor sleep quality

Fan 201719 

(China)

Hip arthroplasty MEL: 69, 25 male/44 female, 

74.6 ± 5.4 

PLA: 70, 28 male/42 female, 

74.5 ± 5.7 

Data are mean ± SD

MEL preparation-1mg, 

oral, 

PERD1 (1 h before sleep) and POD1- 

5

VAS

Gögenur 200925 

(Denmark)

LC MEL: 60, 19 male/41 female, 

44 ± 13 

PLA: 61, 16 male/45 female, 

47 ± 12 

Data are mean ± SD

MEL capsule-5mg, 

oral, 

30 min before sleep in POD1-3

VAS 

SL, TST, number and duration of awakenings, 

number and duration of daily naps

Hansen 201427 

(Denmark)

Breast cancer 

surgery

MEL: 28, all female, 51 (46– 

66) 

PLA: 26, all female, 60 (49– 

68) 

Data are median and 25–75% 

IQR

MEL tablet-6mg, 

oral, 

1 h before sleep from PERD7 to 12 

weeks after surgery

VAS 

SE

Kirksey 201523 

(USA)

Knee arthroplasty MEL: 19, 5 male/14 female, 70 

± 9.3 

PLA: 18, 12 male/6 female, 

61.4 ± 14.3 

Data are mean ± SD

MEL tablet-5mg, 

oral, 

shortly before sleep for 7 days from 

PERD3 to POD3

SQS

Madsen 201626 

(Denmark)

Breast cancer 

surgery

MEL: 27, all female, 51 (38– 

74) 

PLA: 21, all female, 59 (34– 

74) 

Data are median and range

MEL tablet-6mg, 

oral, 

1 h before sleep from PERD3 to 12 

weeks after surgery

VAS 

SL, TST, SE, number of awakenings, number of 

daily naps

Samarkandi 

200531 (Saudi 

Arabia)

Minor elective 

surgery 

(inguinal hernia, 

undescended testis, 

hydrocoele and 

hypospadias)

MEL1: 15, 8 male/7 female, 

3.9 (3.1–4.6) 

MEL2: 15, 9 male/6 female, 

3.7 (3–4.3) 

MEL3: 15, 12 male/3 female, 

3.1 (2.7–3.6) 

PLA: 15, 9 male/6 female, 3.6 

(2.9–4.2) 

Data are median and 25–75% 

IQR

MEL1: 0.1mg/kg 

MEL2: 0.25mg/kg 

MEL3: 0.5mg/kg, 

oral, 

1 h before surgery

Incidence of sleep disorders

Seet 201532 

(Singapore)

Wisdom teeth 

extraction

MEL: 36, 24 male/12 female, 

22.7 ± 2.2 

PLA: 37, 23 male/14 female, 

23.0 ± 2.8 

Data are mean ± SD

MEL tablet-6mg, 

oral, 

90 min before surgery

VAS

(Continued)
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Meta-Analysis
Effects of Melatonin Treatment on Postoperative Subjective Sleep Quality
Subjective sleep quality was the primary outcome of the current review. 7 studies19,23–26,30,32 evaluated the effect of 
melatonin on postoperative subjective sleep quality. Pooling the results of these 7 studies showed that melatonin 
treatment significantly improved postoperative subjective sleep quality (SMD: −0.30; 95% CI: [−0.47, −0.14]; P = 
0.0004) (see Figure 4). The heterogeneity between the studies was low (P = 0.19, I2 = 32%) (see Figure 4). The result of 
trial sequential analysis showed that the cumulative Z-curve crossed both the conventional boundary and the trial 
sequential monitoring boundary, although the actual sample size did not exceed the required sample size, which 
suggested that the result of this meta-analysis is robust, and further confirmed the efficacy of melatonin (see 
Figure 5). The sensitivity analysis suggested that removing any of these 7 studies did not substantially change the result 
of the meta-analysis (see Figure 6).

Effects of Melatonin Treatment on Preoperative Subjective Sleep Quality
2 studies26,27 assessed the effectiveness of melatonin treatment on preoperative subjective sleep quality. Pooled analysis 
of these two studies suggested that melatonin treatment did not improve preoperative subjective sleep quality (MD: 
−2.76; 95% CI: [−10.44, 4.91]; P = 0.48) (Figure 7). No significant heterogeneity was present among studies (P=0.57, I2 

= 0%) (see Figure 7).

Subgroup Analysis of the Effects of Different Doses of Melatonin on Postoperative Subjective Sleep Quality
To determine the efficacy of different doses of melatonin on postoperative subjective sleep quality, we performed 
a subgroup analysis based on several doses of melatonin. 3 studies19,23,25 assessed the efficacy of <6mg dose of 
melatonin on postoperative subjective sleep quality. Pooled analysis of these 3 studies suggested that <6mg dose of 
melatonin did not improve postoperative subjective sleep quality (SMD: −0.44; 95% CI: [−1.03, 0.16]; P = 0.15) (see 

Table 1 (Continued). 

Study 
(Country)

Participants (the 
Type of Surgery)

Sample Size, Gender, Age 
(Melatonin/Placebo)

Interventions (Daily Dose, Route 
of Administration, Time)

Outcomes

Vij 201830 (India) LC MEL: 50, 13 male/37 female, 

42.8 ± 9.81 

PLA: 50, 9 male/41 female, 

41.4 ± 10.85 

Data are median ± SD

MEL tablet-3mg*2, 

oral, 

45 min before sleep for POD1-3

VAS 

SL, TST, number and duration of awakenings, 

number and duration of daily naps

Note: Comparisons were all placebo and not listed in Table 1. 
Abbreviations: LC, laparoscopic cholecystectomy; MEL, melatonin; PLA, placebo; SD, standard deviation; IQR, interquartile range; PERD1, 1 day before surgery; PERD3, 3 
days before surgery, PERD7, 7 days before surgery; POD3 3 days after surgery; POD1-3, 1 to 3 days after surgery; POD1-5, 1 to 5 days after surgery; SL, sleep latency; TST, 
total sleep time; SE, sleep efficiency.

Figure 2 Risk of bias graph.
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Figure 8). There was significant heterogeneity among the studies (P = 0.003, I2 = 83%) (see Figure 8). 3 studies26,30,32 

assessed the efficacy of a 6mg dose of melatonin on postoperative subjective sleep quality. Pooled analysis of these 3 
studies showed that a 6mg dose of melatonin improved postoperative subjective sleep quality (SMD: −0.31; 95% CI: 
[−0.57, −0.04]; P = 0.02) (see Figure 8). There was no significant heterogeneity among the studies (P = 0.68, I2 = 0%) 
(see Figure 8). One study24 assessed the effectiveness of a 10mg dose of melatonin on postoperative subjective sleep 
quality. The result showed that 10mg dose of melatonin had no meaningful effect (SMD: 0.02; 95% CI: [−0.59, 0.63]; 
P = 0.95) (see Figure 8).

Figure 3 Risk of bias summary.

Figure 4 Forest plot assessing the effect of melatonin treatment on postoperative subjective sleep quality. 
Abbreviations: CI, confidence interval; SD, standard deviation; IV, Inverse Variance.
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Effects of Melatonin Treatment on Postoperative SL, TST, and SE
3 studies25,26,30 evaluated the efficacy of melatonin treatment on postoperative SL. Pooled analysis of these 3 studies 
suggested that melatonin treatment did not decrease postoperative SL (MD: −4.89; 95% CI: [−10.90, 1.12]; P = 0.11) (see 
Figure 9A). There was no significant heterogeneity among the studies (P = 0.87, I2 = 0%) (see Figure 9A).

Figure 5 Trial sequential analysis of the efficacy of melatonin on improving postoperative subjective sleep quality.

Figure 6 Sensitivity analysis of the effect of melatonin on postoperative subjective sleep quality.
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3 studies25,26,30 evaluated the efficacy of melatonin treatment on postoperative TST. Pooled analysis of these 3 studies 
showed that melatonin treatment significantly increased postoperative TST (MD: 19.53; 95% CI: [3.16, 35.89]; P = 0.02) 
(see Figure 9B). The heterogeneity among the studies was low (P = 0.34, I2 = 7%) (see Figure 9B).

Two studies26,27 evaluated the efficacy of melatonin treatment on postoperative SE. The results obtained by pooling these 
two studies showed that melatonin treatment significantly increased postoperative SE (MD: 3.42; 95% CI: [1.24, 5.59]; P = 
0.002) (see Figure 9C). No significant heterogeneity was present among studies (P = 0.55, I2 = 0%) (see Figure 9C).

Effects of Melatonin Treatment on the Number and Duration of Awakenings During the Postoperative Period
3 studies25,26,30 assessed the efficacy of melatonin on the number of awakenings during the postoperative period. Pooled 
analysis of these 3 studies showed that melatonin treatment did not decrease the number of awakenings during the 
postoperative period (MD: −0.11; 95% CI: [−0.46, 0.24]; P = 0.55) (Figure 10A). No significant heterogeneity was 
present among studies (P = 0.60, I2 = 0%) (see Figure 10A).

Two studies25,30 assessed the efficacy of melatonin on the duration of awakenings during the postoperative period. Pooled 
analysis of these two studies showed that melatonin treatment did not decrease the duration of awakenings (MD: −3.28; 95% 

Figure 7 Forest plot assessing the effect of melatonin treatment on preoperative subjective sleep quality. 
Abbreviations: CI, confidence interval; SD, standard deviation; IV, Inverse Variance.

Figure 8 Forest plot of subgroup analysis determining the effectiveness of different doses of melatonin on postoperative subjective sleep quality. 
Abbreviations: CI, confidence interval; SD, standard deviation; IV, Inverse Variance.
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CI: [−10.81, 4.25]; P = 0.39) (see Figure 10B). No significant heterogeneity was present between the studies (P = 1.00, I2 = 
0%) (see Figure 10B).

Effects of Melatonin Treatment on the Number and Duration of Daily Naps During the Postoperative Period
3 studies25,26,30 assessed the effect of melatonin on the number of daily naps during the postoperative period. The meta- 
analysis showed that melatonin had no effect on the number of daily naps during the postoperative period (MD: −0.13; 

Figure 10 Forest plot assessing the effect of melatonin treatment on number and duration of awakenings during postoperative period. (A) number of awakenings. (B) 
duration of awakenings. 
Abbreviations: CI, confidence interval; SD, standard deviation; IV, Inverse Variance.

Figure 9 Forest plot assessing the effect of melatonin treatment on postoperative SL, TST and SE. (A) SL. (B) TST. (C) SE. 
Abbreviations: CI, confidence interval; SD, standard deviation; IV, Inverse Variance.
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95% CI: [−0.36, 0.10]; P = 0.26) (see Figure 11A). There was no significant heterogeneity among the studies (P = 0.52, I2 

= 0%) (see Figure 11A).
2 studies25,30 assessed the effect of melatonin on the duration of daily naps during the postoperative period. The meta- 

analysis showed that melatonin had no effect on the duration of daily naps during the postoperative period (MD: −3.81; 
95% CI: [−12.34, 4.72]; P = 0.38) (see Figure 11B). There was no significant heterogeneity among the studies (P = 0.86, 
I2 = 0%) (see Figure 11B).

Effects of Melatonin Treatment on the Incidence of Postoperative Poor Sleep Quality
2 studies20,31 reported the incidence of postoperative poor sleep quality. The meta-analysis suggested that melatonin 
treatment significantly decreased the incidence of postoperative poor sleep quality (RR: 0.14; 95% CI: [0.04, 0.47]; P = 
0.002) (see Figure 12). There was no significant heterogeneity among the studies (P = 0.68, I2 = 0%) (see Figure 12).

Discussion
Main Findings
In this study, we conducted a meta-analysis of 725 subjects in 10 studies. We found that melatonin treatment significantly 
improved postoperative subjective sleep quality and decreased the incidence of postoperative poor sleep quality but did 
not improve preoperative subjective sleep quality. In terms of improving postoperative sleep quality, 6mg of melatonin 
has the best efficacy, but this needs further elaboration. In addition, melatonin treatment increased postoperative TST and 

Figure 11 Forest plot assessing the effect of melatonin treatment on number and duration of daily naps during postoperative period. (A) number of daily naps. (B) duration 
of daily naps. 
Abbreviations: CI, confidence interval; SD, standard deviation; IV, Inverse Variance.

Figure 12 Forest plot assessing the effectiveness of melatonin treatment on the incidence of postoperative poor sleep quality. 
Abbreviations: CI, confidence interval; M-H, Mantel-Haenszel.
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SE but had no effect on postoperative SL, the number and duration of awakenings, and the number and duration of daily 
naps. Our findings provide evidence support for melatonin in improving postoperative sleep quality.

Interpretation of Results
Subjective Sleep Quality
Our study indicates that melatonin treatment can improve postoperative subjective sleep quality but has no effect on 
preoperative subjective sleep quality, which is consistent with recent works.18,19,30 Studies indicated that perioperative 
sleep disorders are the result of the decrease of melatonin concentration in the body, which suggests why melatonin 
supplementation can improve sleep quality.33,34 Meanwhile, our findings also verify the role of melatonin in regulating 
the sleep-wake cycle and enhancing darkness-related behavior.35 Notably, two studies24,32 did not use melatonin during 
the preoperative period but only started on a surgical day and concluded that melatonin did not improve postoperative 
sleep quality. However, in Fan’s study19 and Borazan’s study,20 melatonin has been used since before surgery, and finally 
came to the conclusion that melatonin treatment worked, which shows that the duration of melatonin treatment is also 
critical and suggests that the use of melatonin from preoperative to postoperative may obtain a better sleep promoting 
effect.

Our study also found that a 6mg daily dose of melatonin had the best efficacy on postoperative sleep quality. 
However, the 6 mg dose of melatonin was more frequently used in the postoperative period and, therefore, easier to prove 
its effectiveness. It does not mean that lower or higher doses are not or less effective. Therefore, the effects of different 
doses of melatonin on postoperative sleep quality still need further exploration.

Sleep-Related Indexes and the Incidence of Poor Sleep Quality
The explanations for the results of sleep-related indexes and the incidence of poor sleep quality in our study are as 
follows.

Firstly, our study indicates that melatonin can improve postoperative TST and SE but has no effect on SL and the 
behavior of awakenings and daily naps, which is consistent with previous studies.25–27,30 Although the participants took 
melatonin, risk factors such as postoperative pain, bright lights, and the noisy environment still exist, which makes it 
difficult for the patient to fall asleep,6,36 and the efficacy of melatonin on SL will also be affected to a certain extent. As 
for the behavior of awakenings and daily naps, although melatonin is ineffective, this may not have a significant impact 
on the overall sleep quality.

Secondly, this study also suggests that melatonin treatment can decrease the incidence of postoperative poor sleep 
quality. However, de Carvalho’s study18 reported the incidence of preoperative poor sleep quality and concluded that 
melatonin treatment was ineffective, which matches the results in Figures 4 and 7. In our study, we extracted the number 
of sleep disorders in Samarkandi’s study31 as the number of poor sleep quality. In fact, some patients without sleep 
disorders may already have poor sleep quality.37 Therefore, the way we extract data may lead to an inaccurate result, and 
the results need more research to support due to including only 2 studies and 112 participants.

Strengths of the Study
The strength of this study is that it is the first meta-analysis to assess the effect of melatonin on sleep quality during the 
whole perioperative period in all surgical patients. The previous systematic review and meta-analysis had some 
limitations. Andersen’s work22 systematically reviewed the effectiveness of perioperative melatonin on sleep quality 
but no quantitative meta-analysis. In Zhang’s meta-analysis,8 the type of surgery only included LC, and only the 
postoperative sleep quality was analyzed, but not the preoperative. The current review not only involved all types of 
surgery but also analyzed the sleep quality during the whole perioperative period (including preoperative and post-
operative) and included more citations than the previous meta-analysis. In addition, there is currently no meta-analysis 
that assessed the efficacy of melatonin on perioperative objective sleep-related indexes. Therefore, this meta-analysis also 
summarizes and analyzes the studies that reported the outcomes of SL, TST, SE, and the behavior of awakenings and 
daily naps, which can more comprehensively and objectively reflect the effectiveness of melatonin. Notably, considering 
the possibility that some studies only reported the incidence of poor sleep quality but did not report specific quantitative 
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sleep outcomes. We also pooled the results of these studies and assessed the incidence of postoperative poor sleep quality 
to include more extensive studies and make a more comprehensive evaluation of the efficacy of melatonin treatment. In 
order to determine which dose of melatonin has the best benefit on postoperative sleep quality, we also conducted 
a subgroup analysis based on several doses of melatonin, which provides a guiding value for the clinical application of 
melatonin to improve postoperative sleep quality. More importantly, to further confirm the result of the meta-analysis, we 
also conducted a trial sequential analysis. Thus, this review is more valuable than the previous meta-analysis.

Limitations
There are also some limitations in this study. (1) Although this study concluded that melatonin could not improve 
preoperative sleep quality, this result may be unreliable. Preoperative treatment was studied less than postoperative, 
which may lead to the generation of bias. Therefore, this question remains that the effects of melatonin on preoperative 
sleep quality are still uncertain; (2) Only 3 or 2 studies were pooled in the analysis of sleep-related indexes and the 
incidence of poor sleep quality, which requires more RCT to explore these outcome measures; (3) Although 10 studies 
were included, we were unable to use the funnel plot to test the possibility of publication bias, as 7 studies were 
summarized that focus on postoperative subjective sleep quality. For this reason, we did not conduct quantitative 
statistical analysis of the plots using Egger’s test; (4) The heterogeneity among studies in Figure 8 and the source 
cannot be determined, despite the usage of the subgroup analysis and REM; (5) The trial sequential analysis showed that 
the actual sample size did not reach the required sample size, suggesting that more studies need to be included; (6) We 
did not extract the duration of melatonin treatment for statistical analysis, because the duration of melatonin varies from 
study to study. As a result, the effectiveness of different duration of melatonin treatment cannot be evaluated. In fact, the 
duration of melatonin treatment is as important as the dose of melatonin in improving sleep quality; (7) In our study, 
subjective scales such as vas and SQS were used to assess sleep quality due to the lack of the study using other more 
accurate methods. However, changes in subjectively perceived sleep quality do not necessarily match the changes in 
subjective sleep quantity as the former refers inter-alia to a personal feeling of how restorative the sleep was, which may 
lead to some impact on the results. In the measurement of sleep, PSG has always been considered the gold-standard 
technique. However, PSG is not commonly used in the clinic due to its cost, technical training, time-consuming and other 
problems, and it may be disruptive to the sleep of patients due to its cumbersome procedures.38 In addition, although 
PSQI is considered to be a reliable method, there is a lack of studies using PSQI to assess the effects of melatonin on 
perioperative sleep quality.39 However, considering the advantages and clinical practicability of vas and SQS, this study 
can still provide evidence from the perspective of evidence-based medicine for the improvement of sleep quality. (8) This 
meta-analysis only discusses whether melatonin can improve sleep quality based on the longitudinal dimension without 
exploring more problems in the horizontal dimensions, so it is unclear whether the effects of melatonin were clinically 
meaningful. For example, indications, the optimization of the treatment plan, and other issues should also be proposed 
according to the positioning of exploratory research. However, meta-analysis seems to be powerless for these problems. 
On the contrary, systematic review or conventional traditional review has more advantages.

Future Research Directions
(1) Future research should pay more attention to preoperative sleep quality to compensate for the lack of studies on 
preoperative treatment. And future research should also focus on sleep-related indexes. (2) In particular, it is hoped that 
future studies can explore the respective effects of different doses of melatonin, given the paucity of studies with varying 
melatonin doses, to provide a guiding clue to the clinical use of melatonin. (3) It is hoped that future studies will adjust 
for the duration of melatonin treatment to determine which duration of melatonin treatment has the best sleep promoting 
effect on perioperative sleep quality so as to guide the clinical application of melatonin better. (4) Future research should 
not only focus on whether melatonin can improve perioperative sleep quality but also explore the impact on the prognosis 
or whether it can bring clinical benefits after improving sleep quality by using melatonin to determine the far-reaching 
clinical significance of melatonin. (5) Finally, it is particularly hoped that large-sample multicenter RCTs can be carried 
out in the future.
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Conclusion
In conclusion, melatonin treatment can improve postoperative sleep quality, but not preoperative sleep quality. Moreover, 
a 6mg daily dose of melatonin may have a better efficacy on postoperative sleep quality, but this still needs further 
confirmation. Melatonin treatment can also improve postoperative TST and SE and reduce the incidence of postoperative 
poor sleep quality. Therefore, our study supports using melatonin as an effective treatment for improving postoperative 
sleep quality.
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