

[image: image1]
Non-pharmacological Treatment for Elderly Individuals With Insomnia: A Systematic Review and Network Meta-Analysis












	
	SYSTEMATIC REVIEW
published: 28 January 2021
doi: 10.3389/fpsyt.2020.608896






[image: image2]

Non-pharmacological Treatment for Elderly Individuals With Insomnia: A Systematic Review and Network Meta-Analysis

Chan-Young Kwon1, Boram Lee2, Moon Joo Cheong3, Tae-Hun Kim4, Bo-Hyoung Jang5, Sun Yong Chung6 and Jong Woo Kim6*


1Department of Oriental Neuropsychiatry, Dong-eui University College of Korean Medicine, Busan, South Korea

2Clinical Medicine Division, Korea Institute of Oriental Medicine, Daejeon, South Korea

3Education Graduate of Wonkwang University, Iksan-si, South Korea

4Korean Medicine Clinical Trial Center, Korean Medicine Hospital, Kyung Hee University, Seoul, South Korea

5Department of Preventive Medicine, College of Korean Medicine, Kyung Hee University, Seoul, South Korea

6Department of Neuropsychiatry, Kyung Hee University Korean Medicine Hospital at Gangdong, Seoul, South Korea

Edited by:
Norman Poole, St George's University, United Kingdom

Reviewed by:
Wenwang Rao, University of Macau, China
 Madia Lozupone, University of Bari Aldo Moro, Italy

*Correspondence: Jong Woo Kim, aromaqi@khu.ac.kr

Specialty section: This article was submitted to Aging Psychiatry, a section of the journal Frontiers in Psychiatry

Received: 22 September 2020
 Accepted: 07 December 2020
 Published: 28 January 2021

Citation: Kwon C-Y, Lee B, Cheong MJ, Kim T-H, Jang B-H, Chung SY and Kim JW (2021) Non-pharmacological Treatment for Elderly Individuals With Insomnia: A Systematic Review and Network Meta-Analysis. Front. Psychiatry 11:608896. doi: 10.3389/fpsyt.2020.608896



Background: Insomnia causes a huge socioeconomic burden among the elderly, and is not simply a health problem. This study aimed to determine the comparative advantage of the effectiveness and acceptability of non-pharmacological interventions available for elderly individuals with insomnia.

Methods: Comprehensive searches in 13 medical databases were performed to find relevant randomized controlled trials (RCTs) up to August 2019. Two independent reviewers performed study selection, data extraction, and quality assessment of included RCTs using the Cochrane Collaboration's risk of bias. A network meta-analysis within the frequentist model was performed by combining direct and indirect evidence from all available RCTs. The primary outcomes were effectiveness as measured by the Pittsburgh Sleep Quality Index (PSQI) total score and acceptability by the incidence of all-cause drop-out.

Results: Twenty-eight RCTs involving 2,391 participants were included. Compared to wait-list, acupuncture (standardized mean difference −4.37, 95% confidence interval −8.53 to −0.12), acupuncture combined with benzodiazepines (−5.20, −9.82 to −0.57), behavioral therapy (−10.44, −17.31 to −3.58), benzodiazepines (−4.28, −8.45 to −0.11), benzodiazepines combined with cognitive behavioral therapy (CBT) (−7.18, −12.17 to −2.19), and CBT (−4.93, −8.63 to −1.22) showed significant superiority in their effectiveness. No significant comparative superiority or inferiority was found in terms of acceptability.

Conclusions: In terms of effectiveness as indicated by the PSQI total score, compared to wait-list, superior benefits were observed for acupuncture, acupuncture combined with benzodiazepines, behavioral treatment, benzodiazepines, benzodiazepines combined with CBT, and CBT. Importantly, combined treatments, including benzodiazepines combined with CBT or with acupuncture, were generally superior to other monotherapies. In terms of acceptability, there was not enough data to draw conclusions. However, most RCTs included had methodological problems related to the lack of blinding procedure, suggesting a risk of effect size overestimation.

Registration: CRD42019145518.
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INTRODUCTION

Insomnia is a common mental health problem that can be defined as “a complaint of trouble initiating or maintaining sleep which is associated with daytime consequences and is not attributable to environmental circumstances or inadequate opportunity to sleep,” according to the American Academy of Sleep Medicine (1). The American Insomnia Survey, an epidemiological survey, showed that insomnia in the general population reached 22.1% based on the Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV-TR (2). The prevalence of insomnia increases with age, and its prevalence in the elderly is known to be around 20–55% (1, 3, 4). Chronic insomnia constitutes a vicious cycle that makes the disease more susceptible to fixation. Risk factors for insomnia include poor mental health, poor sleep, and obesity (5). Several non-pharmacological approaches and pharmacotherapy can be applied to treat insomnia. According to international guidelines, cognitive-behavioral therapy for insomnia (CBT-I) is considered a standard treatment (1, 6, 7). If CBT-I alone is not effective, pharmacotherapy or other behavioral interventions may be considered (8). However, the administration of drugs—especially benzodiazepine hypnotics—should be carefully performed considering the benefits and risks (1, 6, 7).

In the elderly, insomnia has important characteristics that are quite different from insomnia in the general population. There are several reasons why insomnia issues are important to the elderly. First, in elderly people, the vulnerability to insomnia increases with aging-related changes (9), and some medications that the elderly are regularly taking can cause insomnia. Second, there is growing evidence that insomnia is associated with cognitive impairments (10), dementia (11), depression (12), cardio-cerebral vascular events (13, 14), other health conditions (15), and even mortality (16), which are often associated with the elderly. Therefore, insomnia in the elderly is not only a health-related problem but also carries a socioeconomic burden. Third, among current available existing treatments for insomnia, pharmacotherapies are sometimes associated with serious adverse reactions in the elderly. Although benzodiazepines and other sedative-hypnotic drugs can be used to treat problems related to anxiety or insomnia, their use is not recommended or limited because they are associated with serious side effects such as increased risks of falls and hip fractures among the elderly (17–19). Furthermore, CBT-I is an effective treatment for the improvement of insomnia in the elderly (20); however, there is still a need for some treatment options that can complement or be alternated with this treatment because it is labor-intensive and usually takes generally 6 to 8 weeks. Therefore, it is important to find an effective, simple, and safe treatment method for insomnia in the elderly. This is particularly true for non-pharmacological methods. Moreover, although several non-pharmacological interventions, including CBT-I, have been discussed in the treatment of insomnia, understanding their comparative effectiveness and acceptability allows for optimal medical choice.

Although evidence-based clinical guidelines specifically addressing sleep disturbances in the elderly are lacking, the most recent evidence-based recommendation in 2009, developed by international experts on sleep disorders, include pharmacotherapies including benzodiazepines, non-benzodiazepines, and melatonin receptor agonists, as well as non-pharmacological treatments including CBT-I (21). Moreover, these guidelines also suggested non-pharmacological treatments, including complementary and integrative medicine (CIM) modalities such as acupuncture/acupressure, Tai Chi, and weight training (21). For the efficient distribution of medical resources and optimal medical choices, it is important to prioritize among the various approaches. In this regard, network meta-analysis (NMA) is a useful tool for developing clinical practice guidelines (CPGs) because it enables direct and indirect quantitative comparisons of different interventions and, above all, helps to prioritize these interventions (22). In other words, NMA allows both direct and indirect comparisons to compare the effectiveness, safety, and acceptability of three or more treatment options. This has led to NMA to be adopted as a new methodology by many international CPGs (23, 24).

The aim of this review was to compare individual non-pharmacological interventions in the treatment of insomnia in the elderly in terms of effectiveness, acceptability, and safety. We applied a systematic review and NMA methodology to generate a clinically useful evidence-based hierarchy of non-pharmacological interventions for insomnia in the elderly, according to their effectiveness, acceptability, and safety, using both NMA and classical pair-wise meta-analysis.



METHODS

The protocol of this NMA was registered in PROSPERO (registration number CRD42019145518). This review was reported per the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement for reporting of systematic review incorporating NMA of health care interventions (Supplementary Table 1) (25).


Search Strategy

Comprehensive searches were conducted in the following 13 electronic medical databases from their inception dates to August 5, 2019: six English-language databases [MEDLINE via PubMed, EMBASE via Elsevier, the Cochrane Central Register of Controlled Trials (CENTRAL), the Allied and Complementary Medicine Database (AMED) via EBSCO, the Cumulative Index to Nursing and Allied Health Literature (CINAHL) via EBSCO, and PsycARTICLES via ProQuest], five Korean-language databases [Oriental Medicine Advanced Searching Integrated System (OASIS), Koreanstudies Information Service System (KISS), Research Information Service System (RISS), Korean Medical Database (KMbase), and Korea Citation Index (KCI)], and two Chinese-language databases [China National Knowledge Infrastructure (CNKI) and Wanfang Data]. Manual searches of the reference lists of the relevant systematic reviews and included studies were also conducted to identify further eligible studies. Not only the literature published in journals, but also gray literature, such as theses and conference proceedings, were allowed. No restriction on language was imposed. The search strategies for each database are presented in Supplementary Tables 2–14.



Eligible Criteria


Types of Studies

Only randomized controlled trials (RCTs) were included. Studies using inappropriate random sequence generation methods such as allocation by odd or even date of birth or admission day were excluded. To minimize sources of potential heterogeneity, we excluded cluster-randomized trials and cross-over trials.



Types of Participants

Studies on elderly people with a minimum age of 60 years, with the diagnosis of insomnia, using standardized diagnostic tools such as DSM (26), the International Statistical Classification of Diseases and Related Health Problems (ICD) (27), the International Classification of Sleep Disorders (ICSD) (28), and the Chinese Classification of Mental Disorders (CCMD) (29), were included. If the study did not present the participants' age criteria or age ranges and presented only the average age, they were excluded because their minimum age was not identified. There was no restriction on the severity of insomnia, sex, ethnicity, or race of patients. Studies were excluded if the patients have drug allergies or other serious medical conditions such as cancer, liver disease, or kidney disease.



Types of Interventions and Comparators

Studies comparing any two of the following non-pharmacological interventions proposed in the most recent international guideline for elderly individuals with insomnia (21) were included irrespective of the form (e.g., group or individual) and duration of treatment: cognitive behavioral therapy (CBT), behavioral treatment (BT) including multi-component behavioral treatments for insomnia, sleep hygiene only (including sleep education), sleep restriction only, stimulus control only, relaxation therapy (including meditation), exercise (including walking and weight training), Tai Chi (including qigong), and acupuncture (including acupressure). Placebo, no treatment, or active controls, including conventional medication, were allowed as control interventions. The inclusion for conventional medication was as follow according to the Cochrane NMA review protocol of pharmacological treatments for insomnia (30): antidepressants (amitriptyline, doxepin, mirtazapine, and trazodone), benzodiazepines (brotizolam, clonazepam, diazepam, estazolam, flunitrazepam, flurazepam, haloxazolam, loprazolam, lorazepam, lormetazepam, midazolam, nimetazepam, nitrazepam, quazepam, rilmazafone, temazepam, and triazolam), benzodiazepine-like agents (eszopiclone, zaleplon, zolpidem, and zopiclone), melatoninergic drugs (melatonin and ramelteon), and orexin receptor antagonists (suvorexant). For the combined treatment study, up to two combinations of defined interventions for the intervention group and control group (e.g., CBT-I plus walking, relaxation plus benzodiazepines) were allowed. In multi-arm trials, study groups assessing interventions other than those mentioned above were not eligible.



Types of Outcome Measures


Primary outcomes

(1) Sleep quality measured by validated assessment tools, such as the Pittsburgh Sleep Quality Index (PSQI) (31), the Insomnia Severity Index (ISI) (32), or the Leeds Sleep Evaluation Questionnaire (LSEQ) (33).

(2) Acceptability measured by drop-outs for any reason (as an indirect indicator of participants' adherence).



Secondary outcomes

(1) Drop-outs because of any adverse event (AE).

(2) Data from polysomnography including sleep onset latency (SOL), wake time after sleep onset (WASO), and total sleep time (TST).

(3) AEs measured by the Treatment Emergent Symptom Scale (TESS) (34) or the incidence of AEs.




Timing of Outcome Assessment

For the outcomes of sleep quality and polysomnography data, we considered the outcomes at 6-week post-treatment. If there was no 6-week post-treatment evaluation, the results at the closest time point were considered. However, the results of 6–8 weeks were given priority. That is, the 8-week post-treatment evaluation result was preferred over the 4-week post-treatment evaluation result.




Study Selection and Data Extraction

Two researchers (C-YK, BL) independently conducted study selection and data extraction processes. Any disagreement about study selection and data extraction was resolved through discussion. The titles and abstracts of all searched studies were reviewed for relevance, and then the full texts of the eligible studies were evaluated for final inclusion. The data were extracted using a standardized data collection form (Excel 2007, Microsoft, Redmond, WA, USA). The extracted items included the first author's name; year of publication; country; sample size and the number of drop-outs; details about the participants, treatment intervention, control intervention, and comparisons; duration of the intervention; outcome measures; and AEs associated with interventions. If the data were insufficient or ambiguous, the corresponding authors of the included studies were contacted by e-mail to request additional information.



Risk of Bias Assessment

Two researchers (C-YK, BL) independently assessed the methodological quality of the included RCTs, using the Cochrane risk of bias assessment tool (35), which includes the following items: random sequence generation, allocation concealment, blinding of participants, personnel and outcomes assessors, incomplete outcome data, selective outcome reporting, and other sources of bias. Each item was assessed as being of “low risk,” “high risk,” or “unclear risk” of bias. Moreover, the Jadad scale was used to supplement the methodological quality assessment (36). This scale is used to evaluate the appropriateness of the randomization, blinding, and the descriptions of withdrawals and dropouts, with a total score ranging from 0 (very poor) to 5 (rigorous) (36). Any discrepancies were resolved through their discussion. The potential baseline imbalance can cause a bias in the estimated effects of intervention in RCTs (35), which in turn can affect the similarity hypothesis in NMA. Therefore, in cases of other sources of bias, we assessed them as “low risk” when the statistical similarity on participant's mean age, insomnia period, insomnia severity, and so on at baseline between the groups, as described. The risk of bias figures were created using Review Manager Version 5.3 software (Cochrane, London, UK).



Data Analysis


Pair-Wise Meta-Analysis (Conventional Meta-Analysis)

Pair-wise meta-analysis was performed on the primary and secondary outcomes for studies using the same types of intervention, comparison, and outcome measure. To perform the pair-wise meta-analysis, Review Manager Version 5.3 software (Cochrane, London, UK) was used. Continuous outcomes and dichotomous outcomes were pooled as the standardized mean difference (SMD) and odds ratio (OR), with 95% confidence intervals (CIs). By using both the chi-squared test and the I-squared statistic (I2), heterogeneity of effect measures between the studies was assessed. The value of I2 ≥ 50% was considered to be substantial, and the value of I2 ≥ 75% to be considerable heterogeneity (37). When the heterogeneity was considerable (I2 ≥ 75%), a random-effects model was used; otherwise, a fixed-effects model was used. Also, when there were fewer than five studies included in the meta-analysis, only a fixed-effects model was used (38, 39).



Network Meta-Analysis

The NMA within the frequentist model was performed by combining direct and indirect evidence from all available RCTs. Stata software version 16.0 (StataCorp, Texas, USA) was used to perform the analysis. For NMA in Stata software, a multivariate meta-analysis package was installed and utilized. Performing NMA using the Stata software in this review generally followed the methodology described by Shim and Yoon (40). The data entered into Stata were converted into analysis data through network setup. If the number of occurrences was zero (d = 0), this was corrected using the augmented method and then included in the analysis. That is, a default value of 0.5 was assigned to the intervention group and the control group instead of 0. This increased the sample size per treatment by 1 (40). The reference group was set up as a wait-list group. For the assessment of consistency, inconsistency and consistency models were tested by using the design by treatment interaction model (i.e., global approach) and node-splitting test identifying the statistical difference between direct and indirect comparisons for each treatment (i.e., local approach), respectively. The effect sizes and 95% CIs between each intervention were presented as network forest and intervalplot. In addition, network rank and surface under the cumulative ranking probabilities (SUCRA) were used to confirm comparative advantages between the treatments. In SUCRA, a cumulative probability graph is drawn, and the area under the curve (AUC) is calculated for each treatment, allowing for ranking comparison. Finally, raw data of effect size by treatment was described through the network league table.



Additional Analysis

If sufficient studies were available, we performed subgroup analyses for the primary outcomes according to the disease period (>3 months, which means chronic insomnia) to investigate sources of potential inconsistency or heterogeneity. If sufficient studies were available, we performed sensitivity analyses for the primary outcomes to identify the robustness of meta-analysis results by only including studies with low risks of bias, having a low risk of bias in all domains. Moreover, the robustness of meta-analysis results was also confirmed by removing outliers.




Publication Bias

In NMA, there is no validated statistical test method other than visual confirmation using a funnel plot for the detection of publication bias. In addition, conventional funnel plots used in the pair-wise meta-analysis cannot assess publication bias in NMA. Therefore, in this review, we tried to identify the asymmetry of the network funnel plot for the primary outcomes to detect the possibility of publication bias.



Quality of Evidence

We assessed the quality of evidence regarding the effect estimates derived from NMA for the primary outcome measures using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach (41). For direct comparisons, we assessed the risk of bias, indirectness, imprecision, inconsistency, and publication bias. For indirect comparisons, the lowest ratings of the two direct comparisons forming the most dominant first-order loop and intransitivity were considered. The higher rating of the direct or indirect estimates was applied to the quality of evidence for NMA and categorized as high, moderate, low, or very low.




RESULTS


Characteristics of Included Studies

A total of 31,149 citations and three citations were identified through the database search and manual search, respectively. After screening of title and abstract and careful review of full-text, 28 RCTs (42–69) with 2,391 participants in 64 arms were included in this review (Figure 1). The following 17 kinds of interventions were used: (1) acupuncture, (2) acupuncture combined with benzodiazepines, (3) acupuncture combined with CBT, (4) acupuncture combined with relaxation, (5) acupuncture combined with sleep education, (6) attention control, (7) benzodiazepines, (8) benzodiazepines combined with CBT, (9) benzodiazepines combined with exercise, (10) BT, (11) CBT, (12) sleep education, (13) selective serotonin reuptake inhibitor (SSRI), (14) melatonin, (15) qigong, (16) relaxation, and (17) wait-list.


[image: Figure 1]
FIGURE 1. PRISMA flow chart. AMED, the allied and complementary medicine database; CENTRAL, the Cochrane central register of controlled trials; CINAHL, the cumulative index to nursing and allied health literature; CNKI, China national knowledge infrastructure; KCI, Korea citation index; KISS, Koreanstudies Information Service System; KMbase, Korean medical database; OASIS, Oriental medicine advanced searching integrated system; RCT, randomized controlled trial; RISS, research information service system.


The mean sample size of included RCTs was 85.39, and the range of participants' ages ranged from 63 to 85. Five studies (17.86%) were conducted in America (42, 45, 47, 55, 58), while 22 (78.57%) were conducted in China (43, 44, 46, 48–54, 57, 59–69), and the remaining one (3.57%) in Iran (56). Twenty studies (71.43%) described the mean disease duration, ranging from 3 months to 18 years (42, 45, 48, 49, 51–55, 57–59, 61–66, 68, 69). Nineteen studies (67.86%) described the participants' baseline PSQI total scores, ranging from 9 to 17 points (47–49, 51–57, 59, 60, 62–65, 67–69). Converting 1 month and 30 days to 4 weeks, the average treatment duration in the included studies was 6 weeks, except for one study with an unclear treatment duration (50). One study (3.57%) was a four-arm study (65), six studies (21.43%) were three-arm studies (46, 48, 52, 54, 63, 64), and the remaining 21 studies (75%) were two-arm studies (42–45, 47, 49–51, 53, 55–62, 66–69). As outcomes of insomnia severity, PSQI was used the most (n = 20, 71.43%) (46–49, 51–57, 59–64, 67–69), followed by total effective rate (TER) (n = 14, 50.00%) (43, 50, 52, 54, 57, 59–61, 63, 64, 66–69), sleep diary (n = 6, 21.43%) (42, 45, 47, 55, 58, 66), polysomnography data (n = 4, 14.29%) (42, 44, 47, 50), the Athens Insomnia Scale (AIS) (n = 3, 10.71%) (46, 49, 63), ISI (n = 2, 7.14%) (55, 59), and actigraphy data (n = 2, 7.14%) (55, 58). In addition, outcomes of mental health such as the Hamilton Depression Rating Scale (HAMD), the Hamilton Anxiety Rating Scale (HAMA), the Geriatric Depression Scale (GDS) were used in nine studies (32.14%) (42, 47, 48, 51, 53, 55, 57, 66, 69). Two studies (7.14%) used outcomes related to quality of life such as the 36-Item Short Form Survey (SF-36) (47, 69). No study reported AE by TESS, while there were 10 studies reporting the incidence of AE during study (43, 45, 47, 48, 51, 52, 63–65, 69). The baseline characteristics of each study are presented in Table 1. Excluded studies and reasons are presented in Supplementary Tables 15–26.


Table 1. Characteristics of included randomized controlled trials.
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Risk of Bias of Included Studies

Regarding the Jadad scale, the average score was 2.39 and only 12 studies had scores of 3 or higher. Regarding the risk of bias tool, most of the included studies used random sequence generation methods with low risk of bias (44, 45, 47–49, 51–55, 58, 59, 64–69), such as random number tables or simple randomization, while some studies without a description of randomization method was rated to have an unclear risk of bias on this domain (42, 43, 46, 50, 56, 57, 60–63). Except for three studies that used sealed opaque envelopes for allocation concealment (55, 59, 69), the rest of the studies did not describe allocation concealment. Only Alessi et al. (55) performed blinding on both participants and personnel, and outcome assessors. Among the remaining studies, 24 studies did not describe the blinding of participants and personnel, and the risk of performance bias was rated as high due to the nature of the intervention (42–52, 54, 56–60, 62–68). Two studies described that double-blinding was not performed (53, 69). Xue et al. (61) described that they performed double-blinding but did not describe the method, therefore, the risk of bias for the domain was assessed as unclear. Lin et al. (48) and Alessi et al. (55) described that they performed the blinding of outcome assessors. In 18 studies, there were no drop-out cases (42–44, 46, 49–52, 54, 57, 59–63, 65–67). Some drop-out cases existed in the remaining studies; however, the numbers of drop-out cases were considered to not affect the study results (45, 47, 48, 56, 64, 68, 69), and/or appropriate statistical analysis (i.e., intent-to-treat analysis) was applied (53, 55, 58). One study that did not report some of outcome data in the control group (44), two studies that did not preset the raw PSQI data collected (43, 62), one study that did not present the PSQI total score (61), and one study that did not present the raw ISI data collected (66) were assessed as having a high risk of bias in the selective reporting domain. Regarding other biases, according to our protocol, 25 studies described statistical homogeneity between groups in the baseline were evaluated as having a low risk of bias (42–50, 52–57, 59, 61–69) (Supplementary Figures 1, 2). Only seven studies (47, 53, 55, 56, 58, 65, 67) described approval from the Institutional Review Board (IRB), and 19 studies (47, 48, 50–53, 55–65, 68, 69) described that they had received participants' consent before the trial.



Comparative Effectiveness


PSQI Total Score (Primary Outcome)


NMA

Through NMA for PSQI total score, we estimated the relative effect of the 13 interventions (Figure 2). The consistency model could be accepted (p-value of testing for inconsistency = 0.1901, of node-splitting test = 0.104 to 0.988). Based on the mean rank and SUCRA, the priorities in terms of effectiveness measured by PSQI total score were as follow: (1) BT, (2) benzodiazepines combined with CBT-I, (3) acupuncture combined with benzodiazepines, (4) benzodiazepines combined with exercise, (5) qigong, (6) CBT-I, (7) melatonin, (8) sleep education, (9) acupuncture, (10) acupuncture combined with relaxation, (11) benzodiazepines, (12) relaxation, and (13) wait-list. According to the netleague table presenting the comparative effectiveness of treatments (in favor of bolding marks), acupuncture (SMD −4.37, 95% CI −8.53 to −0.12), acupuncture combined with benzodiazepines (SMD −5.20, 95% CI −9.82 to −0.57), BT (SMD −10.44, 95% CI −17.31 to −3.58), benzodiazepines (SMD −4.28, 95% CI −8.45 to −0.11), benzodiazepines combined with CBT (SMD −7.18, 95% CI −12.17 to −2.19), and CBT (SMD −4.93, 95% CI −8.63 to −1.22) were all statistically significantly superior to wait-list. Moreover, sleep education and relaxation were both statistically significantly inferior to BT (SMD 6.13, 95% CI 1.98 to 10.28; SMD 8.00, 95% CI 0.87 to 15.13). Compared to wait-list, acupuncture combined with relaxation (SMD −4.18, 95% CI −9.08 to 0.72), benzodiazepines combined with exercise (SMD −5.41, 95% CI −11.21 to 0.38), melatonin (SMD −4.38, 95% CI −9.42 to 0.67), and qigong (SMD −5.46, 95% CI −10.94 to 0.02) showed superior benefits, with borderline significances. However, sleep education (SMD −4.31, 95% CI −9.78 to 1.15), or relaxation (SMD −2.44, 95% CI −5.98 to 1.09) did not show significant or near-significant differences with the wait-list (Table 2, Figure 3, Supplementary Figures 3–9, Supplementary Table 27).


[image: Figure 2]
FIGURE 2. Network map for PSQI total score. ACU, acupuncture; BT, behavioral treatment; BZD, benzodiazepines; CBT, cognitive behavioral therapy; EDU, sleep education; EXR, exercise; MTN, melatonin; QIG, qigong; RLX, relaxation.



Table 2. Head-to-head comparisons for effectiveness and acceptability of the non-pharmacological interventions.
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FIGURE 3. SUCRA for PSQI total score. ACU, acupuncture; BT, behavioral treatment; BZD, benzodiazepines; CBT, cognitive behavioral therapy; EDU, sleep education; EXR, exercise; MTN, melatonin; QIG, qigong; RLX, relaxation.




Pair-wise meta-analysis

As results of pair-wise meta-analysis, statistically significant differences existed between the following comparisons (in favor of bolding marks): (1) acupuncture vs. acupuncture combined with relaxation (SMD 0.56, 95% CI 0.14 to 0.99), (2) acupuncture vs. relaxation (SMD −0.50, 95% CI −0.92 to −0.08), (3) acupuncture combined with benzodiazepines vs. benzodiazepines (SMD −1.24, 95% CI −1.56 to −0.91; I2 = 95%), (4) acupuncture combined with relaxation vs. relaxation (SMD −1.00, 95% CI −1.44 to −0.55), (5) BT vs. sleep education (SMD −6.13, 95% CI −7.20 to −5.05), (6) benzodiazepines vs. benzodiazepines combined with CBT (SMD 2.51, 95% CI 1.78 to 3.23), (7) benzodiazepines vs. benzodiazepines combined with exercise (SMD 1.14, 95% CI 0.85 to 1.42), (8) benzodiazepines vs. CBT (SMD −2.77, 95% CI −3.53 to −2.01), (9) benzodiazepines combined with CBT vs. CBT (SMD −2.89, 95% CI −3.67 to −2.11), (10) CBT vs. sleep education (SMD −0.61, 95% CI −0.95 to −0.28), (11) CBT vs. qigong (SMD 0.53, 95% CI 0.02 to 1.04), (12) CBT vs. wait-list (SMD −6.55, 95% CI −8.20 to −4.89), and (13) relaxation vs. wait-list (SMD −1.04, 95% CI −1.56 to −0.52) (Supplementary Table 31).



Sensitivity analysis

According to network funnel plots (Supplementary Figure 26) and pair-wise meta-analysis of PSQI total scores, Weng and Liao (46) was the major outlier. After removing this outlier, in NMA, the consistency model could be accepted (p-value of testing for inconsistency = 0.4359, of node-splitting test = 0.172 to 0.987). According to the results of the netleague table, except for the significant difference (SMD −4.37, 95% CI −8.53 to−0.21) in the acupuncture vs. wait-list being changed to borderline significance (SMD −4.27, 95% CI −8.57 to 0.04), no change was found in the remaining significant differences, compared to before removal of the outlier (Supplementary Figure 10, Supplementary Table 28). Moreover, in the pair-wise meta-analysis, significant differences between acupuncture combined with benzodiazepines and benzodiazepines were maintained (SMD −1.47, 95% CI −1.87 to −1.07; I2 = 97%) (Supplementary Table 32).




Polysomnography Data (Secondary Outcome)


Pair-wise meta-analysis

Only four studies reported each sleep index from polysomnography data, and the network was disconnected by three components (Supplementary Figure 11). Therefore, NMA for polysomnography data was not appropriate, and only pair-wise meta-analysis was performed. As results, statistically significant differences existed between the following comparisons (the favored treatment is bolded): (1) benzodiazepines vs. benzodiazepines combined with CBT (SMD −3.51, 95% CI −4.22 to −2.81), (2) CBT vs. wait-list (SMD 0.79, 95% CI 0.20 to 1.38), (3) acupuncture combined with sleep education vs. sleep education (SMD 6.84, 95% CI 5.56 to 8.13) in sleep efficiency (%); (4) BT vs. sleep education (SMD −0.85, 95% CI −1.31 to −0.38) in WASO (min); (5) benzodiazepines vs. benzodiazepines combined with CBT (SMD 2.02, 95% CI 1.49 to 2.56), (6) acupuncture combined with sleep education vs. sleep education (SMD −2.11, 95% CI−2.72 to −1.51) in number of awakenings (n); (7) benzodiazepines vs. benzodiazepines combined with CBT (SMD −1.05, 95% CI −1.51 to −0.59), (8) acupuncture combined with sleep education vs. sleep education (SMD 2.38, 95% CI 1.74 to 3.01) in sleep maintenance rate (%); (9) BT vs. sleep education (SMD 0.75, 95% CI 0.29 to 1.21) in SOL (min); (10) BT vs. sleep education (SMD −0.90, 95% CI −1.36 to −0.43) in TST (min); (11) CBT vs. wait-list (SMD −0.99, 95% CI −1.59 to −0.39), (12) benzodiazepines vs. benzodiazepines combined with CBT (SMD 1.65, 95% CI 1.15 to 2.15), and (13) acupuncture combined with sleep education vs. sleep education (SMD −2.25, 95% CI −2.87 to −1.63) in awake duration (min) (Supplementary Table 33).





Comparative Acceptability


Drop-Outs for Any Reasons (Primary Outcome)



NMA

A total of 17 interventions were analyzed for the NMA for drop-outs for any reason (Figure 4). The consistency model could be accepted (p-value of testing for inconsistency = 0.9993, of node-splitting test = 0.786 to 1.000). According to the netleague table presenting the comparative acceptability of treatments, there was no statistically significant head-to-head comparison. In most comparisons, the 95% CI was very wide, which is thought to be due to the very small number of events (Table 2, Supplementary Figures 12–18, Supplementary Table 29).


[image: Figure 4]
FIGURE 4. Network map for drop-outs for any reason. ACU, acupuncture; ATC, attention control; BT, behavioral treatment; BZD, benzodiazepines; CBT, cognitive behavioral therapy; EDU, sleep education; EXR, exercise; MTN, melatonin; QIG, qigong; RLX, relaxation; SSRI, selective serotonin reuptake inhibitor; WLT, wait-list.




Pair-wise meta-analysis

In most studies, there were no drop-out cases. No significant differences were found between the groups in the pair-wise meta-analysis (Supplementary Table 34).




Drop-Outs for AEs (Secondary Outcome)


NMA

A total of 15 interventions were analyzed for the NMA for drop-outs for AEs. The consistency model could be accepted (p-value of testing for inconsistency = 1.0000, of node-splitting test = 0.980 to 1.000). According to the netleague table presenting the comparative acceptability of treatments, there was no statistically significant head-to-head comparison. In most comparisons, the 95% CI was very wide, which is thought to be due to the very small number of events (Supplementary Figures 19–25, Supplementary Table 30).



Pair-wise meta-analysis

In most studies, there were no drop-out cases. No significant differences were found between the groups in the pair-wise meta-analysis (Supplementary Table 35).





Safety


Incidence of AEs (Secondary Outcome)

For the incidence of AEs, quantitative synthesis was judged to be inadequate because the number of AEs and the number of patients experiencing AE were mixed. There were 10 studies (43, 45, 47, 48, 51, 52, 63–65, 69) that reported the incidences of AEs. Among them, five (45, 47, 48, 51, 69) reported no AEs, while one (52) only reported some dry mouth occurred in estazolam group, without noting the exact number of episodes. In Song et al. (43), there were 18 cases of dry mouth, 16 cases of constipation, five cases of nausea, four cases of excessive sweating, and three cases of dizziness or mild headache occurred in paroxetine groups (n = 48), while there were no AEs in the acupuncture combined with relaxation group (n = 48). In Chen et al. (63), there was one case of narcolepsy, one case of dizziness, one case of fatigue, and one case of dry mouth in the alprazolam group (n = 30), while there were no AEs in the acupuncture group (n = 30). In Mo (64), there was one case of ecchymoma in each of the two acupuncture groups (both, n = 27), while there were two cases of dry mouth, two cases of fatigue, two cases of day sleepiness, and one case of both dry mouth and fatigue occurred in the estazolam group (n = 29). In Yuan et al. (65), there was one case of mild dizziness and one case of stomach discomfort in the acupuncture group (n = 30), while there were two cases of mild dizziness and one case of fatigue in the estazolam group (n = 30).




Publication Bias

To assess publication bias, network funnel plots without reference intervention of primary outcomes were made as follows. In the PSQI total score, there was a pronounced outlier on the left side (Supplementary Figure 26), and sensitivity analysis was performed excluding this outlier, Weng and Liao (46). As a result, the removal of this outlier did not significantly affect the results of the study. In the drop-outs for any reason analysis, no cue of obvious asymmetry was observed; therefore, the probability of publication bias was considered to be low (Supplementary Figure 27).



Quality of Evidence

The GRADE levels of NMA for the PSQI total score were mostly moderate to low (Supplementary Table 36). The GRADE levels of NMA for drop-outs for any reason were generally low (Supplementary Table 37). The main reasons for downgrading were the risk of bias and imprecision of the meta-analyzed results.




DISCUSSION

This systematic review with NMA conducted a comprehensive search to assess the comparative effectiveness and acceptability of non-pharmacological interventions on insomnia in the elderly. As a result, a total of 28 RCTs were included in this review.


Summary of Evidence

In terms of methodological quality, randomizations were performed properly in most of the included studies. However, the absence of blinded participants and personnel in most included studies could have led to overestimation of the effect sizes, although this can be considered as an inevitable limitation given the basic characteristics of non-pharmacological interventions. In addition, the lack of assessor blinding in most studies suggests a risk of expectation bias and should be addressed in further trials. Proper randomization and verification of statistical similarity between groups at baseline (other bias) in the included studies support the similarity assumptions in NMA. In general, the overall quality of the RCTs included in this review was low to moderate, leading to low quality of evidence for NMA findings. High-quality studies were rare, and there was some risk of overestimation associated with a lack of blinding.

(1) In terms of comparative effectiveness for the PSQI total score, it was found that the following interventions were more effective than wait-list: acupuncture, acupuncture combined with benzodiazepines, BT, benzodiazepines, benzodiazepines combined with CBT, and CBT with statistical significance, and acupuncture combined with relaxation, benzodiazepines combined with exercise, melatonin, and qigong with borderline significance. Some interventions showed significantly better effectiveness than CBT or benzodiazepines based on pair-wise meta-analysis: benzodiazepines (p < 0.00001), benzodiazepines combined with CBT (p = 0.005) and qigong (p = 0.04) compared to CBT, and acupuncture combined with benzodiazepines (p < 0.00001), benzodiazepines combined with CBT (p = 0.005), and benzodiazepines combined with exercise (p < 0.00001) compared to benzodiazepines. Interestingly, in general, combined treatments tended to be more effective than monotherapy. In other words, benzodiazepines combined with CBT and acupuncture combined with benzodiazepines showed overall superior effectiveness in the results of NMA as well as of pair-wise meta-analysis. For the polysomnography data, similar to the results of the PSQI total score, the combined treatment showed overall superiority for some outcomes of sleep architecture. (2) In terms of comparative acceptability, NMAs with 17 interventions and 15 interventions were performed for drop-outs for any reason and any AEs. In both cases, however, the number of events occurred was very small, which did not produce meaningful results, including statistical significance in either NMA or pair-wise meta-analysis. (3) In terms of comparative safety, heterogeneity of the reported safety profiles made quantitative synthesis impossible. Although there have been few reported cases of AE, the incidence of AEs during pharmacological treatments, including estazolam, paroxetine, and alprazolam, tended to be higher than that of acupuncture. Gastrointestinal AEs such as dry mouth, constipation, and nausea were most common in the pharmacological treatment groups.

Subgroup analysis based on disease duration was planned, and the disease durations were longer than at least 3 months in all included studies that specified participants' baseline disease duration. Therefore, subgroup analysis, according to the disease duration, could not be performed. Moreover, sensitivity analyses based on the methodological quality of included RCTs were planned; however, only one study (55) was rated to be a high-quality RCT, having a low risk of bias in all domains. Given the nature of non-pharmacological interventions, even though high risks of blinding of participants and personnel domains were allowed, none of the studies rated the risks of bias in the remaining domains low. Therefore, sensitivity analyses, according to the methodological quality, could not be performed. According to the result of the network funnel plot of PSQI total score, significant asymmetry was found, and sensitivity analysis was performed to remove the outliers (46). In the sensitivity analysis to remove outliers, except for the significant difference in the acupuncture vs. wait-list being changed to borderline significance in NMA, no change was found in the remaining significant differences, compared to before removal of the outlier.

The prescription of benzodiazepines is increasing today, and the important thing is that this tendency is more pronounced in primary care than in psychiatrists (33, 70). However, the American Geriatrics Society does not recommend the use of benzodiazepines or non-benzodiazepine hypnotics in the elderly (18), as this vulnerable group may experience greater harms including fatal side effects such as falls and hip fractures (17–19). However, further evidence-based strategies still need to be established for discontinuing benzodiazepines in the elderly and some alternatives to complement these drugs (71). In this sense, to overcome the limitations of pharmacotherapies, especially of benzodiazepine in the elderly, a recent systematic review also analyzed the efficacy and safety of non-benzodiazepine and non-Z-drug hypnotic medications in elderly individuals with insomnia (72). The authors analyzed 24 clinical studies, including 21 RCTs, and concluded that limited evidence suggests suvorexant, doxepin, and possibly ramelteon may be effective and safe pharmacological alternatives for treating elderly individuals with insomnia (72). As the authors excluded non-pharmacological interventions at the study selection process, the findings of the study could be complementary to the results of this review.

In summary, this review found some comparatively effective strategies, especially combined non-pharmacological treatments, for insomnia in the elderly, while it did not find any significant comparative advantage in terms of acceptability. In the safety profile, there was limited evidence that acupuncture is overall safe. However, due to the methodological limitations of the included studies, the inability to conduct sensitivity analysis on high-quality RCTs is a limitation of the reliability of the results. In particular, strict allocation concealment and assessor blinding seem to be a major issue for further researches in this area to enhance their methodological quality.



Clinical Interpretation

The most interesting finding of this review was that combined treatments were effective strategies for treating elderly individuals with insomnia in terms of overall effectiveness. In other words, combined treatments such as acupuncture combined with benzodiazepines and benzodiazepines combined with CBT-I showed excellent effectiveness in improving insomnia in the elderly. Based on the meanrank and SUCRA, the priorities of combined treatments, including benzodiazepines combined with CBT-I, acupuncture combined with benzodiazepines, and benzodiazepines combined with exercise, were generally confirmed. Moreover, pair-wise meta-analyses of PSQI total score and polysomnography data also confirmed the superiority of combined treatments for sleep quality and sleep architecture, respectively.

The other notable result was the comparative effectiveness of CIM approaches on elderly individuals with insomnia. Especially in the case of acupuncture, it was an efficient adjuvant strategy for benzodiazepines to improve their effectiveness. None of the included studies used acupuncture combined with CBT-I. However, some previously published studies suggest that CBT-I, known as the first-line treatment for insomnia, and acupuncture may have different therapeutic characteristics. These studies have found that acupuncture showed weaker effects of improving insomnia itself compared to CBT-I, but showed an excellent effect in improving accompanying conditions, especially pain and pain-related insomnia (73–76). Although acupuncture may still need more solid evidence to be recommended for routine treatment of elderly individuals with insomnia (77), the treatment seems to be useful as an adjuvant strategy to complement conventional treatments. Given that benzodiazepines should be used very carefully in the elderly (18), these drugs in combination with acupuncture may increase the effectiveness. This interaction could possibly reduce the dose of benzodiazepines. Also, given the high prevalence of pain in the elderly (78), acupuncture may have the potential to improve both pain-related insomnia and pain condition in this population.

Another interesting finding is that BT was ranked the most effective in the SUCRA of PSQI total score. According to the results of NMA, BT was significantly superior to wait-list as well as sleep education and relaxation in improving PSQI total score and tended to be superior to benzodiazepines and CBT with borderline significance. This finding was based on the results of a 4-week RCT comparing multicomponent behavioral treatment and sleep education (47). Two other studies (45, 58) also used multicomponent behavioral treatments, but they were not included in this analysis because they did not report the PSQI total score. Buysse et al. (47) described the BT, brief behavioral treatment for insomnia (BBTI), which focuses on behavioral elements of insomnia treatment rather than cognitive components compared to CBT-I. They also explain that because CBT-I is limited by the number of specialty-trained clinicians and by its duration or cost of treatment, a simpler and more acceptable BBTI can be more efficient and effective. Although the PSQI total score was not reported, McCrae et al. (45) also found that the BT group showed significant improvements compared to the sleep education group in sleep diary-measured SOL (p < 0.01) and sleep efficiency (p < 0.01), after 4 weeks of treatment. Moreover, Chan et al. (58), which used BBTI for 4 weeks, found that the BT group showed significant improvements compared to the attention control group in sleep diary-measured sleep variability outcomes including sleep efficiency (p < 0.01) and TST (p = 0.03), and actigraphy-measured sleep variability outcomes including SOL (p = 0.01) and sleep efficiency (p = 0.03). Although there is still little evidence to conclude, BT, which removes cognitive components from CBT-I and emphasizes behavioral elements, is worth comparing to CBT-I, which is considered as the first-line treatment of elderly individuals with insomnia. In particular, in older people with cognitive impairments such as dementia, BT with less cognitive components may be more effective, but this is still a hypothesized effect. It is expected that further studies will be conducted to compare the effectiveness and acceptability of BT and CBT-I according to the characteristics of patients with insomnia. Regarding cognitive impairments, although not included in the outcomes of interest, one of the included studies reported changes in cognitive function using the Montreal Cognitive Assessment (MoCA) (68). In this study (68), acupuncture for 4 weeks was associated with significantly improved total MoCA scores as well as spatiotemporal/executive ability, attention, and delayed memory compared to estazolam (all p < 0.05). However, since only one study reported changes in cognitive function, the reliability of the findings was low.

Lastly, the difference between BT and sleep education in the pair-wise meta-analysis of polysomnography data should be pointed out. The results are based on one RCT (47) with 4 weeks of treatment and 3 months of follow-up. After treatment duration (at the fourth week), compared with the sleep education group, the BT group showed better results in WASO and sleep efficiency, but showed significantly inferior results in SOL and TST. Buysse et al. (47) interpreted these results as being influenced by the initial sleep restriction. In other words, due to the initial strict sleep restriction, the TST temporarily decreased while sleep efficiency increased. As this sleep restriction was relaxed, the SOL and TST of the BT group were improved at the 6-month follow-up.

Based on the effectiveness, acceptability, and safety data found in this review, when treating elderly individuals with insomnia in clinical practice, it may be helpful to combine two or more treatments, and individual treatment strategies can be established based on the patient's preferences and accompanying symptoms. For example, acupuncture may be an important treatment component for patients with insomnia and pain or with poor cognitive status. CBT-I may be difficult to apply to these individuals. Moreover, BT without the cognitive component may also be an alternative in elderly individuals with insomnia who suffer from such cognitive difficulties. However, since the treatment may reduce TST in a short period of 4 weeks or fewer, it is necessary to consider other strategies or provide sufficient explanations before treatment in cases where compliance is a concern. Although not found in our review, adherence to treatments in elderly patients may be related to factors such as disease-related knowledge, health literacy, cognitive function (79), and frailty syndrome (80). Therefore, compliance with non-pharmacological treatment, pharmacological treatment, or combined treatment strategies in elderly patients with insomnia require further investigation.



Strengths and Limitations

NMA is a valuable meta-analysis method that allows the selection of the most efficient options among several treatment options. Although non-pharmacological treatments are very important for elderly individuals with insomnia owing to the limited availability of pharmacotherapy in comparison to adults with insomnia (18), to the best of our knowledge, no attempt has been made to analyze the comparative effectiveness of the different non-pharmacological treatments available, until recently. This review has the advantage of using NMA methodology to derive the comparative advantage of several non-pharmacological treatments in terms of effectiveness, acceptability, and safety in elderly individuals with insomnia based on current evidence. The results can help clinicians, patients, and policymakers to make informed decisions as to the optimal non-pharmacological treatments for the treatment of insomnia in the elderly.

However, several limitations should be pointed out. First, the number of RCTs included is small compared to the interventions covered in this review. This leads to the limitation that most of the results, especially in pair-wise meta-analysis results, are based on one or two RCTs. This may indicate a lack of relevant trials on this issue. Indeed, the issues of “older adults” and “non-pharmacological treatments” seem to have received less attention in research compared with “pharmacological treatments” (81–83). Elderly individuals with insomnia, however, carry huge medical and social burdens (10–16). It is therefore urgent to support clinical trials of non-pharmacological treatments for elderly individuals with insomnia at the social and/or national levels. Second, unlike the protocol in this study, SMD, rather than the mean difference (MD), was used for continuous outcomes. This is because the consistency model between some comparisons was not established in the inconsistency test of the PSQI global score. Instead, SMD was used. Here, a consistency model was established between all comparisons. In addition, in the meta-analysis, SMD has a generalizability advantage over MD, so it may be a better unit for this review (31). Third, the various methods of acupuncture were not considered in the analysis of this review. This review found that acupuncture may be a promising adjuvant for elderly individuals with insomnia. However, different methods of acupuncture can also have different effects on insomnia. For example, a recent NMA with Bayesian analysis analyzed 52 RCTs and concluded that scale acupuncture is most effective for treating primary insomnia (84). Therefore, in future studies, expert consensus about the most effective acupuncture methods for treating elderly individuals with insomnia in clinical settings should be derived, and acupuncture trials based on the standardized acupuncture methods should be conducted. Fourth, only nine RCTs (42, 47, 48, 52, 55, 56, 58, 62, 64) conducted follow-up and only five (42, 47, 48, 55, 62) of them reported long-term follow-up data over 6 months. Like in the case of Buysse et al. (47), the sleep improvement effect of BT may need to be observed in the long-term. Moreover, CBT-I, which corrects dysfunctional beliefs about sleep itself, may have different effects in the long-term than other non-pharmacological interventions, considering its mechanism (e.g., prevent relapse of insomnia) (85, 86). On the other hand, recent research indicated that the cognitive effects of CBT-I are not significantly associated with improvements in insomnia symptoms (87). Therefore, these issues need to be further clarified through long-term follow-up trials to determine which factors, including cognitive elements of CBT-I, affect long-term insomnia symptoms. Fifth, in terms of acceptability and safety, there were not enough cases reported in the original RCT included in this review to conclude. This may suggest that non-pharmacological treatments were generally acceptable and safe; however, it also may indicate potentially poor reporting in drop-out and safety profiles among original RCTs. Given the importance of these outcomes, especially in older people, future studies should report more stringent drop-out and AEs occurrences. Sixth, the overall quality of the RCTs included in this review was low to moderate, particularly at risk of some overestimation due to lack of blinding procedures. Due to the nature of non-pharmacological interventions, the lack of blinding of participants and personnel seems inevitable. However, the rigorous implementation of assessor blinding can be an important quality assurance procedure that addresses the problem of overestimation. Future studies should address efforts to minimize the risk of overestimation, with particular emphasis on assessor blinding. Seventh, in this review, pharmacological treatments, including benzodiazepines, were considered in assessing the relative effectiveness of non-pharmacological treatments of interest. Since this review aimed to investigate the comparative effectiveness of some non-pharmacological treatments or combination treatment strategies for elderly insomnia, the findings should not be interpreted to indicate the effectiveness and safety profile of pharmacological treatment alone. Finally, cost-effectiveness is an important area of health care, especially CBT-I, which has barriers to use due to the shortage of trained practitioners and its duration and/or cost of treatment (86). The results of this review have shown promising results for a CIM modality, acupuncture. Given that the cost-effectiveness of this treatment has been demonstrated in various clinical conditions (88–90), the cost-effectiveness of interventions, including acupuncture for elderly individuals with insomnia, should be further investigated.




CONCLUSIONS

In terms of effectiveness in PSQI total score, compared to wait-list, acupuncture, acupuncture combined with benzodiazepines, BT, benzodiazepines, benzodiazepines combined with CBT, and CBT showed superior benefits. Importantly, combined treatments, including benzodiazepines combined with CBT or with acupuncture, were generally superior to other monotherapies. In terms of acceptability, there was not enough data to conclude. In terms of safety, there was limited evidence that acupuncture is overall safe than pharmacological interventions. However, most of the RCTs included had methodological problems, especially related to the lack of blinding procedure, suggesting the risk of overestimation of their effect size. Therefore, future studies should address efforts to minimize the risk of overestimation, with particular emphasis on the assessor blinding procedure.
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ACU, acupuncture; AIS, Athens insomnia scale; BBTI, brief behavioral reatment for insomnia; BDI, Beck depression inventory; CBT-, cognitive behavioral therapies for insomnia; CCMD, Chinese classification of mental disorders; DSM,
diagnostic and statistical manual of mental disorders; EA, electro-acupuncture; FS-14, fatigue scale-14; GDS, geriatric depression scale; HAMA, Hamiton anxiety rating scale; HAMD, Hamiton depression rating scele; HM, herbal
‘medicine; ICSD, international classification of sleep disorders; L, interleukin; IS/, insomnia severity index; MBSR, mindfulness-based stress reduction; MoGA, Montreal cognitive assessment; NA, ot applicable; NR, not reported; PHQ-9,
patient health questionnaire-9; POMS, profile of mood states; PSQI, Pittsburgh sleep quality index; SAS, self-rating anxiety scale; SDS, self-rating depression scale; SF-36, 36:item short form survey; STAY, state-trait anxisty inventory;
TCM, tracitional Chinese medicine; TER, total effective rate; TNF; tumor necrosis factor.

Among the included studlies, Mo (64) with three-arm, compared two diferent kinds acupuncture to benzodiazepines (.., estazolem). Therefore, we divided Mo (54) into Mo (2018a) and Mo (2018b) in the data analysis to compere the
two acupuncture methods and benzodiazepines, respectively. That is, Mo (2018a) incluced the whole velue of the first acupuncture group and hlf value of the control group, and Mo (2018b) included the whole value of the second
acupuncture group and half value of the control group. Chen et al. (63), a three-arm RCT, included herbal medicine combined with acupuncture group, that did not meet our intervention criteria. Moreover, Yuan et al. (65), a four-amm
RCT, included herbal medicine combined with acupuncture group and herbal medicine group. Therefore, those groups inclucing herbal medicine were excluded from our analysis.

*The five questions (Q1-5) for the Jadad score were as follows: (1) Was the study described s randomized? (2) Weas the appropriate randomization method applied? (3) Was the study described as double-blind? (4) Was the appropriate
blinding method applied? (5) Was there a description of withdrawals and dropouts?
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ACU, acupuncture; ATG, attention control; BT, behavioral treatment; BZD, benzodiazepines; CBT, cognitive behavioral therapy; EDU, sleep education; EXR, exercise; MTN, melatonin; PSQ, the Pittsburgh Sieep Quality Index; QIG, gigong;
RLX, relaxation; SSR, selective serotonin reuptake inhibitor; WLT, wait-ist.
The table shows the acceptabilty as drop-outs for any reasons (lower left portion) and effectiveness as PSQI total score (upper right portion). Interventions are reported in order of alphabet. In case of acceptabilty, i the number of
occurrences is zero, this is corrected by the augmented method to include in the analysis. That s, a default value of 0.5 i assigned to the intervention group and the control group instead of 0, which increase the sample size per treatment
by 1. Effects are presented as odds ratio for drop-outs for any reasons and standardized mean difference for PSQ total score. The resuits bolding and underiined meant it had statistical significance, while only bolding resuts meant it had
borderine significance. Comparisons between treatments should be read from left to right. The cellwhere the row of one treatment and the column of the other treatment mest shows the estimated effect size. I the case of effectiveness,

if the mean difference is <0, it means that the effectiveness of the column treatment is better. In the case of acceptabilit

if the odds ratio is <1, it means that the acceptance of row treatment is better.
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