Name of Journal: World Journal of Psychiatry
Manuscript NO: 64631
Manuscript Type: META-ANALYSIS

Effects of mindfulness-based intervention programs on sleep among people with common mental disorders: A systematic review and meta-analysis

Chan SHW et al. Meta-analysis of MBI programs on sleep

Sunny Ho-Wan Chan, Danielle Lui, Hazel Chan, Kelly Sum, Ava Cheung, Hayley Yip, Chong Ho Yu

Sunny Ho-Wan Chan, Danielle Lui, Hazel Chan, Kelly Sum, Ava Cheung, Hayley Yip, Department of Rehabilitation Sciences, The Hong Kong Polytechnic University, Hong Kong, China

Chong Ho Yu, School of Behavioral and Applied Science, Azusa Pacific University, Azusa, CA 91702, United States

Author contributions: Chan SHW conceived and guided the study; Lui D and Chan H carried out the literature searches; Chan H and Sum K extracted the data; Lui D and Yip H assessed the study quality; Yu CH, Lui D and Sum K performed the statistical analyses; Chan SHW, Lui D, Cheung A and Yip H wrote and revised the paper.

Corresponding author: Sunny Ho-Wan Chan, PhD, Assistant Professor, Department of Rehabilitation Sciences, The Hong Kong Polytechnic University, Yau Tsim Mong District, Kowloon Peninsula, Hong Kong, China. sunny.hw.chan@polyu.edu.hk

Received: February 24, 2021
Revised: April 24, 2021
Accepted: March 14, 2022
Published online: April 19, 2022


Abstract
BACKGROUND
Sleep problems are particularly prevalent in people with depression or anxiety disorder. Although mindfulness has been suggested as an important component in alleviating insomnia, no comprehensive review and meta-analysis has been conducted to evaluate the effects of different mindfulness-based intervention (MBI) programs on sleep among people with depression or anxiety disorder.

AIM
To compare the effects of different MBI programs on sleep among people with depression or anxiety disorder.

METHODS
Related publications in Embase, Medline, PubMed and PsycINFO databases were systematically searched from January 2010 to June 2020 for randomised controlled trials. Data were synthesized using a random-effects or a fixed-effects model to analyse the effects of various MBI programs on sleep problems among people with depression or anxiety disorder. The fixed-effects model was used when heterogeneity was negligible, and the random-effects model was used when heterogeneity was significant to calculate the standardised mean differences (SMDs) and 95% confidence intervals (CIs).

RESULTS
We identified 397 articles, of which 10 randomised controlled trials, involving a total of 541 participants, were included in the meta-analysis. Studies of internet mindfulness meditation intervention (IMMI), mindfulness meditation (MM), mindfulness-based cognitive therapy (MBCT), mindfulness-based stress reduction (MBSR) and mindfulness-based touch therapy (MBTT) met the inclusion criteria. The greatest effect sizes are reported in favour of MBTT, with SMDs of -1.138 (95%CI: -1.937 to -0.340; P = 0.005), followed by -1.003 (95%CI: -1.645 to -0.360; P = 0.002) for MBCT. SMDs of -0.618 (95%CI: -0.980 to -0.257; P = 0.001) and -0.551 (95%CI: -0.842 to -0.260; P < 0.0001) were reported for IMMI and MBSR in the pooling trials, respectively. Significant effects on sleep problem improvement are shown in all reviewed MBI programs, except MM, for which the effect size was shown to be non-significant.

CONCLUSION
All MBI programs (MBTT, MBCT, IMMI and MBSR), except MM, are effective options to improve sleep problems among people with depression or anxiety disorder.
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Core Tip: This meta-analysis provides evidence as to whether various kinds of mindfulness-based intervention programs can help improve sleep problems among people with common mental disorders. Our study indicated that integrative forms of mindfulness-based intervention programs (including mindfulness-based touch therapy, mindfulness-based cognitive therapy, internet mindfulness meditation intervention, and mindfulness-based stress reduction) have shown promising results. However, using mindfulness meditation solely should lead to insignificant effects.

INTRODUCTION
Depression and anxiety disorder, also known as common mental disorders, are conditions that critically affect people’s emotions, energy and ability to function. Approximately 1 in 5 adults were identified as meeting criteria for a common mental disorder over the past 12 mo, with the lifetime prevalence reported as 20.8% and 28.8% for depression and anxiety disorder, respectively[1,2]. Both depression and anxiety disorder are among the top 10 causes of disease burden worldwide[3], prompting the necessity to find ways for better treatment and planning of care.
Insomnia frequently co-occurs with both depression[4] and anxiety disorder[5]. Sleep problems, which include difficulty in falling asleep, early awakening, poor sleep quality, daytime sleepiness and poor adherence to the sleep-wake cycle pattern, are particularly prevalent among people with depression and anxiety disorder[6]. The relationships between insomnia and common mental disorders appear to be bidirectional[7]. Symptoms of anxiety and depression, such as worry and rumination, can contribute to insomnia. Alternatively, insomnia can also increase the likelihood of developing depression or anxiety disorder, possibly due to the psychological distress as well as hormonal and neurochemical disturbances caused by poor sleep[8,9]. Thus, interventions aiming at reducing symptoms of insomnia should provide benefit for the disorder per se[10].
Individuals may consider psychotherapy instead of pharmaceutical treatment, due to possible side effects and potential dependence on medication[11-13]. Cognitive behavioural therapy (CBT) has been substantially confirmed to be an effective psychosocial treatment in managing depression and anxiety[14,15]. In a meta-analysis of 1205 CBT trials for anxiety disorders, results indicated that CBT for anxiety has a moderate effect on sleep[16]. In terms of the treatment of both depression and insomnia, another study found that the addition of CBT for insomnia (known as CBT-I) to antidepressant medication treatment can lead to better treatment outcomes[17]. However, some reviews showed that the effect sizes of CBT for depression have steadily decreased since its inception four decades ago[18,19]. Therefore, merely employing CBT might not be sufficient for managing mood disorders and their corresponding sleep problems.
Due to the limitations of traditional treatments, many people who experience insomnia are willing to consider using complementary and alternative medicine (CAM) as an alternative therapeutic option, including natural herbal products, acupuncture, or mind-body interventions, for example. A national health survey revealed that approximately 1.6 million adults in the United States have used CAM therapies to treat sleep problems[20]. Among different CAM therapies, the mind-body domains are by far the most commonly used[20]. Mindfulness-based interventions (MBIs), as a kind of CAM mind-body treatment with a focus on cultivating a sense of awareness, was originally developed to help people dealing with stress, anxiety, depression, or pain[21]. Mindfulness (Pali: sati) originated from Buddhism. As such, mindfulness can be defined as deliberately cultivating non-judgmental moment-to-moment awareness and experiences, through observing one’s own mind in a detached manner[22]. Various formal and informal mindfulness activities, such as body scan and sitting meditation, are included within the MBIs. Through these practices, the technique of ‘focusing on present moment’ can be acquired based on approach, compassion and decentring[23]. The inquiry process, which assists participants in identifying their thoughts, emotions and behaviours, is also included in these programs to help participants respond with more flexibility and awareness[24].
[bookmark: _Hlk61967700]Conventional MBI has standardised protocols, and typically incorporates three formal mindfulness practices, namely body scan, mindful movement and sitting meditation[23]. A traditional program called mindfulness-based stress reduction (MBSR), kicking off the development of the mindfulness-based program in the health care domain, was first introduced by Kabat-Zinn[22]. It is an 8-wk program using mindfulness meditation (MM) and mindfulness practice in everyday life to relieve stress. Since then, another well-researched program — mindfulness-based cognitive therapy (MBCT) — was developed with comparable structures[25]. It is also an 8-wk program, which includes mindfulness practice and psychoeducation about depression, promoting awareness, acceptance and adaptive reaction towards negative automatic thoughts[25]. Apart from preventing relapse in depression, MBCT is also used to treat patients with psychiatric conditions, like anxiety disorders and post-traumatic stress disorder (PTSD)[26,27].
Since the commencement of MBSR, various forms of mindfulness programs have evolved with different adaptations or modifications, such as the Mindfulness-Based Therapy for Insomnia (MBTI)[28], internet mindfulness meditation intervention (IMMI)[29], Mindfulness Awareness Program (MAP)[30], or mindfulness-based touch therapy (MBTT)[31]. Specifically, MBTI was developed for patients with insomnia. It integrates mindful meditation and behavioural therapy. By promoting awareness and adaptive response towards sleep disturbances, MBTI helps people with chronic insomnia with sleep restrictions and stimulus control[28]. IMMI was developed to offer mindfulness training anytime and anywhere by use of an Internet mode of delivery. IMMI includes six 1-h weekly sessions with 20 min of home-practice meditation between sessions[29]. MAP aims to teach participants principles of mindfulness, develop meditation practice and apply them in daily lives. MAP is mainly conducted in community settings, with a combination of lecture, hands-on practice, group feedback and discussion[30]. MBTT is an 8-wk program that combines components of MBSR and touch therapy. It was inspired by Ogden et al[32]’s model of hierarchical information processing, in which touch stimulus triggers sensorimotor reaction, which is then experienced as emotions and interpreted cognitively. Touch is believed to have healing effects on both the mind and body[31].
At present, various studies have been published for the different MBIs. However, the review type studies usually focus on the conventional programs, like MBSR or MBCT[33,34]. While there are different forms of emerging MBIs in recent years, it is essential to have a comprehensive evaluation on their clinical effectiveness. Moreover, the traditional MBI programs have usually targeted general physical and psychiatric conditions; later on, they were used in the management of various kinds of physical or psychosomatic conditions, and even insomnia problems[35]. Recent meta-analyses indicated that MBIs show promising effects on the reduction of sleep problems[36-39]. However, these meta-analyses focused on the general population only or on people with physical comorbidities, such as cancer and fibromyalgia. Therefore, systematic review and meta-analysis on the effectiveness of the various MBI programs for sleep problems in individuals with depression or anxiety disorders is implied.
The objective of this meta-analysis was to determine and compare the clinical importance of different MBI programs on sleep problems among individuals with common mental disorders. Based on our research, this meta-analysis is uniquely able to fill a crucial gap in the field.

MATERIALS AND METHODS
Literature search
Literature searches were performed according to the 2009 PRISMA Statement for systematic reviews, by two independent researchers (Lui D and Chan H). The search keywords of “mindfulness” and “mood or anxiety or depress*” and “sleep or insomnia” were used to ensure comprehensive coverage. Keyword searches were conducted in Embase, Medline (accessed through EBSCOhost), PubMed and PsycINFO (accessed through ProQuest) databases. Papers published between January 2010 and June 2020 were included. Publications were only restricted to English language and peer-reviewed.

Study eligibility
Titles and abstracts were screened, and full texts were selected for further review according to the following criteria. The inclusion criteria were as follows: (1) Experimental study with MBI; (2) Subjects selected for depression or anxiety disorder; (3) Sleep-related data taken at baseline and post-intervention; and (4) Randomised controlled trials (RCTs). The exclusion criteria were as follows: (1) Mixed intervention; or (2) Subjects with comorbidities other than depression or anxiety disorders. The selection criteria were confirmed according to the results of searching. The PRISMA flow diagram is shown in Figure 1.

Data extraction
An extraction form was used for each article to collect the following data: year of publication; subject setting; inclusion and exclusion criteria for participants; sample size for the experimental and control groups; participants’ age and sex; intervention given; and outcome measures related to sleep quality. Relevant statistics and effect sizes were also extracted, if available.

Assessment on quality
Two reviewers (Lui D and Yip H), working independently, assessed the level of evidence (LoE) and appraisal stage for each of the articles using a standard quality assessment, namely the LoE[40] and revised cochrane risk-of-bias tool for randomised trials (RoB)[41] respectively. The LoE categorizes different experimental studies into different levels on a scale of I to V, with a smaller number indicating a higher LoE. The RoB was used to assess the risk of bias in the RCTs. A series of signalling questions were available in each of the five domains of assessment, and judgements were facilitated by an algorithm that maps responses to the signalling questions to a proposed judgement. Overall risk of bias of the individual study would be reported as “low risk of bias”, “some concerns” or “high risk of bias”. Disagreements between the two independent reviewers were resolved by a third reviewer through a consensus-based discussion.

Statistical analysis
Statistical analysis of the pooled results was carried out using the Comprehensive Meta-Analysis software version 3.0 (https://www.meta-analysis.com). In nine of the ten studies, standardised mean differences (SMDs) and 95% confidence intervals (CIs) were calculated using post-intervention differences between the mean of mindfulness-based programs and the mean of controls, divided by the pooled standard deviation. No real differences in variability among studies were assumed according to the Cochrane Handbook for Systematic Reviews of Interventions[42]. A global estimation of r = 0.6 was, therefore, used as the correlation coefficient between post-treatment scores. In the remaining study, Cohen’s d was calculated using the two groups, via the one-way F-test using a practical meta-analysis effect size calculator[43]. When there was more than one group compared to the MBI group in the RCT, the non-intervention group was used as the control. The Q-statistic was used as the heterogeneity test, in which a statistically significant level of P < 0.05 indicated the variations in effect sizes were due to heterogeneity rather than sampling error. A random-effects model would be used when there was notable heterogeneity. Random-/fixed-effects models were used as the intervention effects are unlikely to be identical[44] given that there are significant variations in characteristics of each sample population. Publication bias was assessed by funnel plot, trim-and-fill and failsafe N. Unless otherwise specified, all statistical tests were two-sided with a significance level of 0.05.

RESULTS
Study selection
A total of 808 entries were identified through database searches, and 397 of them were screened after duplicates removed. After reading the abstract and title of the remaining 397, we removed 25 reviews, case reports, and protocols. Full versions were retrieved for 372 papers, after which they were reviewed by two independent researchers (Chan H and Sum K) and disagreements were resolved by a third reviewer (Lui D) on a consensus-based discussion. In total, 362 full articles were excluded for not meeting all the inclusion criteria. Finally, 10 eligible studies were selected for systematic review and meta-analysis (details shown in Figure 1).

Study characteristics
Ten studies met the inclusion criteria, overall reporting five different kinds of mindfulness-based programs, including IMMI, MM, MBCT, MBSR and MBTT. Table 1 shows the study characteristics of the 10 trials. The studies were conducted in the United States, Germany, Norway, Australia and Austria, within years that fell between 2010 and 2019. A total of 541 participants were included in the intervention groups and comparison groups. When there were multiple intervention groups, we chose the mindfulness-based programs as the major intervention groups[45-47].
Across studies, participants had a range of mean age between 32.7 and 64.8 years. Seven out of ten (70%) of the studies had a majority of female participants. Four out of ten studies (40%) focused on community dwellers with anxiety and/or major depressive disorder. One study included participants of veterans with PTSD. Six out of ten studies reported significant improvement in sleep quality as measured by insomnia severity index (ISI), Pittsburgh sleep quality index (PSQI), Bergen insomnia scale (referred to as BIS), Hamilton depression rating scale (HDRS) and sleep diaries, provided that the P value of the experiment was lower than 0.05. All of the studies were RCTs. The duration of the intervention ranged from 6 wk to 12 wk and delivered over 6 to 12 sessions. Details of intervention techniques and selected outcome measures of each study are provided in Table 2.

Assessment of quality
Results from quality assessments are presented in Tables 3 and 4. All studies were RCTs. All trials had adequate sequence generation, among which five (50%) indicated a concealed allocation[49-51]. As for blinding, two trials adopted double-blind design[48,49], one trial used single-blind design[31] and two used blind evaluators[47,52]. The drop-out rates of the trials ranged from 0% to 30.6%, as shown in Table 1. Of the 10 trials, 3 had low drop-out rates (≤ 5%)[31,47,52] and two had high drop-out rates (≥ 20%)[29,46]. The overall LoE was level II (n = 10), showing that the papers under current review were of high LoE. The overall RoBs were as follows: low (n = 2); some concerns (n = 6); and high (n = 2). The majority of papers showed some concerns of risk of bias, mainly due to bias in the measurement of outcome.

Analysis of overall effect
This meta-analysis focused on examining the effect at the end point of different mindfulness-based programs, including IMMI, MM, MBCT, MBSR and MBTT, due to variations in follow-up periods and absence of reported follow-up effects in several studies. The overall effect analysed was based on the comparison between different mindfulness-based programs and comparison groups, including discussion forum, waitlist control, slow breathing, stress management education, sitting quietly and basic medicinal therapy. Self-rated outcome measurements were reported in the 10 RCTs assessed, including PSQI, ISI, sleep quality of sleep diary, and sleep maintenance of HDRS. The overall scores of sleep quality were reported in PSQI, ISI, BIS and sleep diaries. On the other hand, there was no overall score on sleep quality presented in HDRS. The component of sleep maintenance in HDRS was, therefore, selected. Sleep maintenance was selected instead of sleep onset and sleep termination, as the level of sleep maintenance better predicts perceived sleep quality[53]. Other outcome measurements which are not self-rated, including sleep onset latency, total sleep time and wake after sleep onset, were not reported in this meta-analysis.
The mean effect sizes on sleep problem improvement of different mindfulness-based programs, as compared with control groups, are provided in Table 5. The forest plot in Figure 2 shows the effect sizes and 95%CIs of the 10 studies assessed. The meta-analysis reveals a moderate pooled effect size (g = -0.527, 95%CI: -0.701 to -0.353) in favor of MBI program. Significant effects on sleep problem improvement were shown in four out of five of the different mindfulness-based programs under review, namely MBTT, MBCT, IMMI and MBSR (reflecting descending order of effect sizes). The greatest effect sizes were reported in favour of MBTT, with SMDs of -1.138 (95%CI: -1.937 to -0.340; P = 0.005), followed by -1.003 (95%CI: -1.645 to -0.360; P = 0.002) for MBCT. SMDs of -0.618 (95%CI: -0.980 to -0.257; P = 0.001) and -0.551 (95%CI: -0.842 to -0.260; P < 0.0001) were reported for IMMI and MBSR in the pooling trials, respectively. However, among the five kinds of mindfulness-based programs under review, the mean effect size for MM on sleep was non-significant, with SMD of -0.264 (95%CI: -0.699 to 0.172; P = 0.236).

Heterogeneity test and publication bias
Table 5 shows that all the heterogeneities (Q) were non-significant across the different MBI programs. The non-significant Q-statistics might suggest that the variation in the effect sizes across the studies was simply due to low power but not the study characteristics. Three sets of asymmetry tests — namely, funnel plots of precision, trim-and-fill and failsafe N — were used to estimate the publication bias in each study. Symmetrical distribution of the combined effect size revealed the absence of publication bias upon visual inspection of the funnel plots (Figure 3). To further examine the funnel plot symmetry, Duval and Tweedie’s trim-and-fill procedure was used. No significant adjustment was needed and no study was trimmed due to the absence of unmatched observations from the funnel plots. Failsafe N analyses demonstrated that 96 missing studies with a zero effect size have to be added to reduce the significant overall effect size to statistically non-significant levels.

DISCUSSION
This meta-analysis showed that MBTT imparts the largest effect on sleep problems among the five different kinds of mindfulness-based programs under review, followed by MBCT, IMMI and MBSR. According to Cohen[54]’s thresholds for interpreting effect size, SMDs smaller than 0.20 would be regarded as small effect size, 0.50 as medium, 0.80 as large and 1.30 as very large. However, it is important to point out that Cohen defined the medium effect size based on his literature review using the Journal of Abnormal and Social Psychology during the 1960s. These small, medium, and large effect sizes are, thus, specific to a particular domain (abnormal and social psychology) and as such these cut-off points should not be treated as absolute or universal. By Cohen’s convention, MBTT and MBCT have large effect sizes. IMMI and MBSR have medium effect sizes, and MM has a small effect size. It should be noted that, despite the large effect size of MBTT on sleep, only one study contributed to this result, while the results of the remaining four different kinds of mindfulness-based programs were supported by at least two or more studies. In addition, the effect of MM on sleep did not reach a significant level, despite having a small effect size. This may be explained by the unexplored improvements in sleep problems in the comparison group, leading to the comparatively non-significant effect of MM. Although previous findings suggested that MM is an effective treatment for insomnia[37], its effect on sleep for people with depression and anxiety disorder remains questionable, as shown in this meta-analysis.
As such, MBTI has been commonly used to treat patients with chronic insomnia or sleep problems[35]. However, many studies involving MBTI[28,55] did not target people with depression or anxiety disorder, so MBTI was not selected in the current meta-analysis (according to the inclusion criteria). When further scrutinized, the goals of MBTI usually aim at promoting the adaptive response towards the emotional distress caused by sleep disturbances and daytime fatigue among people with chronic insomnia. However, the present review study revealed that those MBI programs which can improve sleep problems among people with depression or anxiety disorder may have additional characteristics. More specifically, those MBI programs under review were found to ameliorate both the mood and sleep problems concurrently. In other words, these MBI programs could target both the antecedents and consequences of sleep problems for people with common mental disorders.
MBTT[31] was found to have the largest effect on sleep problems, according to the meta-analysis. MBTT, which is based on mindfulness practice and various forms of massage and bodywork, could improve sleep by restoring interception and sensorimotor processing of individuals with depression and anxiety disorder. Regarding the effect of touch per se, the rhythmic and gentle massage produced a direct bodily and sensory experience[31]. This resulted in an antidepressant effect mediated by restoration of the impaired interoceptive functioning, which is associated with depression and anxiety[56,57], through stimulation of specific mechanoreceptors[58]. Adding to the independent effect of touch, a possible explanation for the synergistic effects of combining mindfulness practice and therapeutic touch is the model of hierarchical information processing, which suggested that mindfulness-based touch intervention gave rise to the integration of sensorimotor bodily experience with mindful cognitive self-awareness[32]. In line with this explanation, a cortical plasticity model suggested that the sensory reorganization sprung from touch therapy was a mechanism for pain remediation[59]. Similarly, considering a previous study documenting the relationship between sensory processing and sleep quality[60], it is plausible that improving sensory processing through a mindfulness-orientated touch approach could, in turn, ameliorate sleep disturbance in people with depression or anxiety disorder.
Besides, we also found that MBCT[48,49] can help improve sleep problems among people with depression or anxiety disorder, with large effect sizes. In addition to traditional mindfulness skills, MBCT incorporates cognitive behavioural skills which can enhance the effectiveness in coping with depressive mood and sleep problems. Despite the interrelated nature of depression and insomnia, it is theoretically debatable whether insomnia should be treated as a distinct diagnosis or a symptom of mood disorders[61]. Considering the complexity of insomnia, Shallcross et al[62] proposed a theoretical model to summarize the utility of MBCT in treating insomnia, suggesting that there are three treatment components (i.e., acceptance, attention control and experiential awareness) with different therapeutic functions across the integrated process model of insomnia. It is worth noting that the model of insomnia is in line with symptoms of people with depression. For example, rumination is associated with both depressive mood and sleep quality[63] and upregulated arousal is linked to sleep problems (e.g., longer sleep latency) in people with depressive syndromes[64,65]. The review studies suggested that MBCT can ameliorate the sleep disturbance of people who have achieved partial remission of depression (both with and without taking an anti-depressant) as well as significant mood improvement. It is possible that MBCT is not only a promising program for depression or insomnia alone, but also for improving sleep problems in people with depression. In addition, recent research has indicated that acceptance lessened the positive relation between awareness and sleep disturbance, with reduced stress level identified as a mediator[66]. This mechanism is consistent with the Monitor and Acceptance Theory[67], which proposes that awareness and acceptance may jointly improve emotional regulation, including that of stress. In this sense, the effectiveness of MBCT to reduce stress[68,69] can partially explain the potential utility of MBCT in improving sleep outcomes.
Therefore, solely utilizing MM[46,47] may not be robust enough to improve sleep problems among people with depression or anxiety disorder, as indicated by the insignificant effect size shown in this study. No wonder recent meta-analyses[70,71] supported that MM is effective in reducing symptoms such as rumination among people with depression or anxiety disorder, but the sleeping problem might be improved in the short-term only. As a bidirectional relationship has been revealed between sleep disturbance and common mental disorders[7], it seems that a more integrated approach should be considered in order to enhance robustness of the intervention effects. For instance, the addition of a touch approach[31], cognitive component[50] or health qigong[72] should help in promoting the effectiveness of mindfulness practice, as applied in different clinical populations. Thus, the evolution of various kinds of integrated MBI programs should mark the necessity for meeting the increasing demand of various physical and mental health problems.
Our analysis showed that the majority of studies were coded as having some concerns by RoB. Most concerns arise from measurement of outcome, as most sleep measurements, such as PSQI, ISI and sleep diary, rely on self-report by the patients. With the awareness of the treatment received, the non-blind allocation should lead to increased risk of bias. In addition, improvements in sleep cannot be merely assessed by objective tools like polysomnography but will also still rely on self-rated assessment tools. Thus, there is a possibility that some studies of good quality are not coded as low RoB due to the strict restrictions in outcome measurement tools, as stated in the RoB tool used in the current study. The studies included in this meta-analysis involved diverse sample populations in various age groups and with different emotional disorders, including mood disorders, anxiety disorders and PTSD. However, the heterogeneities were not significant, despite the variations in study characteristics. This may be explained by the high similarity in outcome measurement tools, among which PSQI, ISI and sleep diary were widely used to assess sleep outcome in the studies. Moreover, many of the studies under review had similar study protocols, and some were even conducted by the same group of researchers. The non-significance in heterogeneity may also be attributed to the low power of the studies. Nevertheless, moderator analysis can be considered in the future for possible effects of the potential moderators.
Although the present meta-analysis suggests considerable clinical benefits of MBTT, MBCT, IMMI and MBSR on sleep among people with depression or anxiety disorder, the findings should be interpreted with caution. It should be noted that this meta-analysis has been primarily concerned with its limited power. A limited number of clinical trials on MBI programs are available in the literature databases, and many of the studies targeted populations with physical complications or other comorbidities. The result was that a relatively small number of trials met inclusion criteria. For example, there was only one study regarding MBTT that could be included. Thus, the effect of MBTT in our meta-analysis was solely determined by one study. The ability of funnel plot to detect publication bias was also restrained by the few number of trials included in our meta-analysis. Thus, there is a need to include larger clinical trials in the future to increase the study power. This analysis has concentrated on studying different kinds of MBI programs but not the specific components in the programs. It caused our study to have low generalizability compared to all the other protocols of the studied programs, because variations exist under the same program between different studies. For instance, gentle Hatha Yoga was included in one study of MBSR[52] but not in other trials[45,51]. Therefore, the effects of the MBI programs in this study are composed of various but nonspecific components. Further studies on specific intervention components, such as body scan, mindful walking, bodily awareness and mindful breathing are required. A further potential limitation of this review stems from the fact that the outcome measures of sleep focus on the subjective measurements only. The discrepancies in sleep measurement may have complicated the comparison. It is suggested that more objective and uniform measurement tools for sleep should be used in future studies in this field to facilitate a larger sample size and power in prospective systematic reviews and meta-analyses. For instance, polysomnography and electrocardiogram use scientific technology to investigate some objective components of sleep and can be considered[49,73]. These could provide more objective evidence than self-rated scales. Lastly, the lack of Asian studies means that we cannot be certain that the findings can be generalized to an Asian population. Studies included in the current review were carried out only in the United States, Germany, Norway, Australia and Austria. More clinical trials in Asian countries are encouraged to increase generalizability of findings from future studies. It is also suggested that a more specific age group could be targeted to study the effect of MBIs on different age groups, like elderly and adolescent.
Despite these limitations, this review study adds to the literature by investigating different kinds of MBI programs on sleep problem among people with common mental disorders. The comprehensive inclusion and exclusion criteria contribute to the uniqueness of this meta-analysis. Studies that included subjects with comorbidities and with mixed intervention were excluded and, at the same time, a wide variety of MBI programs were included. The criteria allowed this meta-analysis to focus more on the effect of different MBI programs in order to fill in a lacuna in the research. Additionally, this meta-analysis has the following strengths. First, it followed the guidelines of the Cochrane Collaboration, which provided a standard process of analysis. The PRISMA Statement was also adopted to support the integrity of its systematic review process. Second, only RCTs were included in this analysis. All the studies analysed had high LoEs and most of them had low to moderate risk of bias. Bias is reduced by study design of adequate concealed allocation and blinding. The high quality of study design of the 10 included studies assured the reliability and validity of their results. Thus, this meta-analysis truly reflects the effect of different MBI programs. Third, all the studies analysed were conducted in the last decade. Since the first introduction of MBCT and MBSR by Kabat-Zinn[22], many innovative forms of MBI have been developed, as mentioned in the introduction. The clinical interest towards MBI has continued throughout the years. The meta-analysis in this paper included studies conducted in 2011-2019, providing up-to-date information about the effect of different MBI programs on sleep among people with depression or anxiety disorders. The meta-analysis in this paper also focused on a specific client group and, as such, was able to provide an updated overview of comparison with traditional MBI and the newly developed programs.

CONCLUSION
The findings of our comprehensive systematic review and meta-analysis provide preliminary evidence that MBTT, MBCT, IMMI and MBSR are effective options to improve sleep among people with depression and anxiety disorder. MM, which has confirmed to be effective in improving sleep in people with chronic insomnia, may not be effective in our targeted population. Taken together, these results might provide a first step toward designing more integrated effective interventions for this specified clinical population who are suffering from sleep problems. We are hopeful that the findings of our research will inform health practitioners and other researchers on the extent of effectiveness of the different, latest and integrated MBI programs.

ARTICLE HIGHLIGHTS
Research background
Sleep problems are particularly prevalent in people with depression or anxiety disorder. Although mindfulness has been suggested as an important component in alleviating insomnia, no comprehensive review and meta-analysis has been conducted to evaluate the effects of different kinds of mindfulness-based intervention (MBI) programs on sleep among people with depression or anxiety disorder.

Research motivation
The present study aimed to assess randomised controlled trials of various types of MBI programs for improving sleep problems in people with common mental disorders.

Research objectives
The main objective was to evaluate and update evidence of effectiveness of the different, latest and integrated MBI programs.

Research methods
We performed a systematic literature search on Embase, Medline, PubMed and PsycINFO databases from January 2010 to June 2020 for randomised controlled trials. Data were synthesized using a random-effects or a fixed-effects model to analyse the effects of various MBI programs on sleep problems among people with depression or anxiety disorder. The fixed-effects model was used when heterogeneity was negligible, and the random-effects model was used when heterogeneity was significant to calculate the standardised mean differences (SMDs) and 95% confidence intervals (CIs).

Research results
We identified 397 articles, of which 10 randomised controlled trials, involving a total of 541 participants, were included in the meta-analysis. Studies of internet mindfulness meditation intervention (IMMI), mindfulness meditation (MM), mindfulness-based cognitive therapy (MBCT), mindfulness-based stress reduction (MBSR) and mindfulness-based touch therapy (MBTT) met the inclusion criteria. The greatest effect sizes are reported in favour of MBTT, with SMDs of -1.138 (95%CI: -1.937 to -0.340; P = 0.005), followed by -1.003 (95%CI: -1.645 to -0.360; P = 0.002) for MBCT. SMDs of -0.618 (95%CI: -0.980 to -0.257; P = 0.001) and -0.551 (95%CI: -0.842 to -0.260; P = 0.000) were reported for IMMI and MBSR in the pooling trials, respectively. Significant effects on sleep problem improvement are shown in all reviewed MBI programs, except MM, in which its effect size was shown to be non-significant.

Research conclusions
This review presents a comprehensive meta-analysis of various forms of MBI programs on helping sleep problems among people with common mental disorders. We found that all MBI programs (in terms of MBTT, MBCT, IMMI and MBSR), except MM, are effective options to improve sleep problems among people with depression or anxiety disorder.

Research perspectives
The current meta-analysis suggests that solely utilizing MM may not be robust enough to improve sleep problems among people with depression or anxiety disorder. As a bidirectional relationship was revealed between sleep disturbance and common mental disorders, it seems that a more integrated approach should be considered in order to enhance robustness of the intervention effects.
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Figure Legends
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Figure 1 PRISMA flow diagram of the study.
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[bookmark: _Hlk58003882]Figure 2 Forest plot of effect sizes. MBI: Mindfulness-based intervention; CI: Confidence interval.
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Figure 3 Funnel plot of standard error by standard difference in means.

Table 1 Characteristics of studies
	Ref.
	Country
	Sample
	Age range (mean)
	Women, n (%)
	Randomisation
	Intervention group (comparison group)
	Intervention duration
	Group size for effect size calculation, n
	Drop-out rate1 (%)
	Outcome measure for sleep

	Wahbeh[29], 2018
	United States
	Older adult with depression symptoms
	55-80 (64.8)
	21 (81)
	R
	IMMI (waitlist control)
	6 wk
	I = 26 C = 24
	20.00
	Sleep disturbance, ISI

	Boettcher et al[50], 2014
	Germany
	Community dwellers with anxiety disorders
	18+ (37)
	34 (75.6)
	R
	IMMI (discussion forum control group)
	8 wk
	I = 45 C = 46
	7.69
	ISI

	Wahbeh et al[47], 2016
	United States
	Combat veterans with post-traumatic stress disorder
	25-65 (I = 53.3; C = 53.0)
	2 (7)
	R
	MM (sitting quietly)
	6 wk
	I = 27 C = 25
	0
	PSQI

	Britton et al[49], 2012
	United States
	Antidepressant medication users with sleep complaints
	24-61 (47.0)
	21 (80.8)
	R
	MBCT (control)
	8 wk
	I = 14 C = 10
	7.69
	TIB, TST, SE, SOL, WASO, TWT, Stage 1, SWS, Quality

	Vøllestad et al[51], 2011
	Norway
	Community dwellers with anxiety disorders
	18-65 (42.5)
	26 (66.7)
	R
	MBSR (waitlist control)
	8 wk
	I = 39 C = 37
	14
	BIS

	Britton et al[48], 2010
	United States
	Community dwellers with partially remitted depression
	33-64 (45.4)
	9 (69.2)
	R
	MBCT (control)
	8 wk
	I = 13 C = 8
	19.23
	TIB, TST, SE, SOL, WASO, NWAK, Arousals, Stage 1, SWS, Quality

	Hoge et al[52], 2013
	United States
	Referral/community dwellers with generalized anxiety disorder
	18+ (I = 41; C = 37)
	23 (47.9)
	R
	MBSR (stress management education)
	8 wk
	I = 48 C = 45
	4.30
	Sleep quality, PSQI

	Horenstein et al[45], 2019
	United States
	Adults with social anxiety disorder
	18+ (32.7)
	Not specified
	R
	MBSR (control)
	12 wk
	I = 36 C = 36
	15.28
	Sleep quality, PSQI

	Pinniger et al[46], 2013
	Australia
	Adults with self-reported feelings of stress, anxiety, and/or depression
	18-68 (39.5)
	10 (90.9)
	R
	MM (waitlist control)
	8 wk
	I = 11 C = 23
	30.60
	Sleeping difficulty/insomnia, ISI

	Stötter et al[31], 2013
	Austria
	Patients of the psychiatric hospital of Hall in Tirol
	18+ (I = 42.8; C = 41.4)
	11 (68.75)
	R
	MBTT (control)
	8 wk
	I = 14 C = 14
	0
	Sleep-onset disorder, Sleep maintenance disorders, Terminal sleep disorders, HDRS


1When there are multiple intervention groups, the drop-out rate is based on the number of participants in Mindfulness-Based Program and comparison group only. BIS: Bergen insomnia scale; C: Comparison group; I: Intervention; HDRS: Hamilton's depression rating scale; IMMI: Internet mindfulness meditation intervention; MBCT: Mindfulness-based cognitive therapy; MBSR: Mindfulness-based stress reduction; MBTT: Mindfulness-based touch therapy; NWAK: Number of awakenings; ISI: Insomnia severity index therapy; MM: Mindfulness meditation; PSQI: Pittsburgh sleep quality index; R: Randomised; SE: Sleep efficiency; SOL: Sleep onset latency; Stage 1: Sleep onset was defined by the first epoch of any stage of sleep; SWS: Short-wave sleep; TIB: Time in bed; TST: Total sleep time; TWT: Total wake time; WASO: Wake after sleep onset.

Table 2 Interventions' technique, components and selected outcome measures for effect size calculation
	Mindfulness-based program
	Intervention components
	Selected outcome measures for effect size calculation
	Ref.

	
	Intervention group
	Comparison group
	
	

	IMMI
	DI + MM + MPS
	WL
	ISI
	Wahbeh[29], 2018

	
	ME + psychoeducation
	DF
	ISI
	Boettcher et al[50], 2014

	MM
	BS
	SB
	PSQI
	Wahbeh et al[47], 2016

	
	BS
	BS + SB
	PSQI
	Wahbeh et al[47], 2016

	
	BS
	SQ
	PSQI
	Wahbeh et al[47], 2016

	
	BS + MB + MW + music meditation
	WL
	ISI
	Pinniger et al[46], 2013

	MBCT
	MA + HW (Guided audio CD)
	Control
	Sleep diary
	Britton et al[48], 2010

	
	MA (MB + MS + MW + lying + other simple movement) + HW (MM using audio CD + worksheet)
	Control
	Sleep diary
	Britton et al[49], 2012

	MBSR
	BS + SM + MB + AR + DI + ME + MMV + HW
	WL
	Bergen insomnia scale
	Vøllestad et al[51], 2011

	
	BS+ BA+ gentle Hatha Yoga
	SME
	PSQI
	Hoge et al[52], 2013

	
	BS + SM + MS + MPS
	WL
	PSQI
	Horenstein et al[45], 2019

	MBTT
	BA + touch + HW + counselling
	BMT
	HDRS
	Stötter et al[31], 2013


AR: Adaptive response; BA: Bodily awareness; BMT: Basic medicinal therapy; BS: Body scan; DF: Discussion forum; DI: Didactic instruction; HDRS: Hamilton depression rating scale; HW: Homework; IMMI: Internet mindfulness meditation intervention; ISI: Insomnia severity index; MA: Mindfulness awareness; MB: Mindful breathing; ME: Mindfulness exercise; MBCT: Mindfulness based cognitive therapy; MBSR: Mindfulness based stress reduction; MBTT: Mindfulness based touch therapy; MM: Mindfulness meditation; MMV: Mindful movement; MPS: Mindfulness problem-solving; MS: Mindful stretching; MW: Mindful walking; PSQI: Pittsburgh sleep quality index; SB: Slow breathing; SM: Sitting meditation; SME: Stress management education; SQ: Sitting quietly; WL: Waitlist control.

Table 3 Research design and level of evidence
	Ref.
	Research design
	Level of evidence

	Wahbeh[29], 2018
	RCT, crossover design
	II

	Boettcher et al[50], 2014
	RCT, crossover design
	II

	Wahbeh et al[47], 2016
	RCT, multi-group pre-/post-test design
	II

	Britton et al[49], 2012
	RCT, pre-/post-test control group design
	II

	Vøllestad et al[51], 2011
	RCT, crossover design
	II

	Britton et al[48], 2010
	RCT, pre-/post-test control group design
	II

	Hoge et al[52], 2013
	RCT, two group pre-/post-test design
	II

	Horenstein et al[45], 2019
	RCT, multi-group pre-/post-test design
	II

	Pinniger et al[46], 2013
	RCT, multi-group pre-/post-test design
	II

	Stötter et al[31], 2013
	RCT, pre-/post-test control group design
	II


RCT: Randomised controlled trial.

Table 4 Risk of bias in the studies
	Ref.
	Randomisation process
	Deviation from 
intended intervention
	Missing outcome data
	Measurement of outcome
	Selection of the reported results
	Overall

	Wahbeh[29], 2018
	Low risk
	Low risk
	Some concerns
	Some concerns
	Low risk
	High

	Boettcher et al[50], 2014
	Low risk
	Low risk
	Low risk
	Some concerns
	Low risk
	Some concerns

	Wahbeh et al[47], 2016
	Low risk
	Low risk
	Low risk
	Some concerns
	Low risk
	Some concerns

	Britton et al[49], 2012
	Low risk
	Low risk
	Low risk
	Some concerns
	Low risk
	Some concerns

	Vøllestad et al[51], 2011
	Low risk
	Low risk
	Low risk
	Some concerns
	Low risk
	Some concerns

	Britton et al[48], 2010
	Low risk
	Some concerns
	Low risk
	Low risk
	Low risk
	Some concerns

	Hoge et al[52], 2013
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low

	Horenstein et al[45], 2019
	Low risk
	Low risk
	Low risk
	Some concerns
	Low risk
	Some concerns

	Pinniger et al[46], 2013
	Low risk
	High risk
	Some concerns
	Low risk
	Low risk
	High

	Stötter et al[31], 2013
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk
	Low




Table 5 Overall effects of different interventions
	Ref.
	Mindfulness-based program
	k
	Subjects, n
	SMD (95%CI)
	P value
	Overall SMD (95%CI)
	Overall P value
	Q

	Wahbeh[29], 2018
	IMMI
	2
	124
	-0.881 (-1.531 to -0.231)
	0.008
	-0.618 (-0.980 to -0.257)
	0.001
	0.912 (P = 0.34)

	Boettcher et al[50], 2014
	
	
	
	-0.500 (-0.935 to -0.066)
	0.024
	
	
	

	Wahbeh et al[47], 2016
	MM
	2
	86
	-0.267 (-0.814 to 0.279)
	0.337
	-0.264 (-0.699 to 0.172)
	0.236
	0.001 (P = 0.981)

	Pinniger et al[46], 2013
	
	
	
	-0.257 (-0.978 to 0.464)
	0.485
	
	
	

	Britton et al[48], 2010
	MBCT
	2
	43
	-1.073 (-1.953 to -0.192)
	0.017
	-1.003 (-1.645 to -0.360)
	0.002
	0.052 (P = 0.82)

	Britton et al[49], 2012
	
	
	
	-0.923 (-1.862 to 0.016)
	0.054
	
	
	

	Hoge et al[52], 2013
	MBSR
	3
	187
	-0.449 (-0.942 to 0.043)
	0.074
	-0.551 (-0.842 to -0.260)
	< 0.0001
	0.332 (P = 0.847)

	Horenstein et al[45], 2019
	
	
	
	-0.555 (-1.056 to -0.053)
	0.03
	
	
	

	Vøllestad et al[51], 2011
	
	
	
	-0.660 (-1.178 to -0.141)
	0.013
	
	
	

	Stötter et al[31], 2013
	MBTT
	1
	28
	-1.138 (-1.937 to -0.340)
	0.005
	-1.138 (-1.937 to -0.340)
	0.005
	0 (P = 1)


CI: Confidence interval; IMMI: Internet mindfulness meditation intervention; MBCT: Mindfulness-based cognitive therapy; MBSR: Mindfulness-based stress reduction; MBTT: Mindfulness-based touch therapy; MM: Mindfulness meditation; SMD: Standardised mean difference.
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