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Background and Purpose: Recently, there are a number of clinical studies on traditional Chinese medicine (TCM) for post-stroke sleep disorders (PSSDs). This study aimed to map the current clinical studies and identify gaps to inform future study agendas.

Methods: PubMed, Embase, Cochrane Library, and Chinese databases, including SinoMed, CNKI, and Wanfang, were searched for clinical studies on PSSDs treated with TCM from their inception to September 2021. Evidence sources, number of studies, types of PSSDs, intervention categories, effectiveness, and quality assessment were graphically displayed.

Results: The evidence map involved 810 clinical studies, of which the earliest report was dated back to 1993, and an advanced growth of the whole evidence was observed in 2012. Randomized controlled trials (RCTs) were the most common type of study design (78.15%), and post-stroke insomnia was the most common type of sleep disorders (65.80%). The benefits of Chinese herbal medicine (CHM) and acupuncture therapies for post-stroke insomnia have been widely reported in RCTs (81.60% and 75.38%, respectively). However, the benefits of CHM interventions were assessed using a global approach rather than being based on a specific formula, and the highest level of evidence supporting the effectiveness of acupuncture therapies was of low methodological quality. In addition, evidence from primary studies was insufficient in the areas of TCM for post-stroke sleep-related breathing disorders (SBDs) and Chinese mind-body exercises for post-stroke insomnia.

Conclusions: PSSDs treated with TCM have been widely assessed in clinical studies. For better evidence translation, clinical trials on specific CHM interventions and high-quality systematic reviews on acupuncture for post-stroke insomnia should be conducted. For a better solution to clinical questions, TCM on SBDs after stroke and the benefits of Chinese mind-body exercises for post-stroke insomnia should be explored in future clinical studies.
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INTRODUCTION

Stroke leads to mortality and disability worldwide, and the number of stroke survivors has been continuously increasing (1). Sleep disorders are prevalent after stroke (e.g., up to 69.2% for post-stroke insomnia, and up to 72% for sleep apnea after stroke) (2, 3), in either the acute or rehabilitation phase (4). Its cause, persistence, and progression are often considered multifaceted, including stroke-related brain impairments and environmental, psychological, and other factors (5, 6). Increasing evidence suggests that sleep disorders are associated with an increased risk of recurrent stroke and poor prognosis in stroke patients (7–10). Conversely, some evidences have shown that good sleep improves neuroplasticity and functional recovery after stroke (11, 12).

However, current treatments for post-stroke sleep disorders (PSSDs) are unsatisfactory. For example, although cognitive-behavioral therapy for insomnia (CBT-i) is the first-line recommendation for insomnia (13, 14), its application in post-stroke insomnia is challenging. First, the evidence of CBT-i for post-stroke insomnia was limited; second, patients might not comply well with the CBT-i program due to feasibility problems, such as cognitive impairment and physical disability after stroke (15, 16). Pharmacotherapy, such as benzodiazepine drugs, is an alternative treatment for insomnia (13) and has also been used to improve sleep in post-stroke patients. However, adverse events, such as hangover symptoms, drug tolerance and dependence, and increased risk of falls, have been considerable (17, 18). In addition, the uncertain risks of multi-drug interactions between stroke medications and sedative-hypnotics may increase (19). Finally, the clearance rate of sedative-hypnotics drugs declined as most stroke patients were at the middle-to-old age, which might amplify the adverse effects of pharmacological agents (20–22). Another example is the infeasibility of using continuous positive airway pressure (CPAP) for breathing-related sleep disorders after stroke (23, 24). Stroke patients might not comply with CPAP because stroke-related impairments, such as facial paralysis and dysphasia, often result in mask leakage and risk of aspiration with positive pressure (25, 26). Thus, there is a substantial need to develop effective, safe, and affordable treatment regimens for patients with stroke and sleep disorders.

Accumulated evidence has suggested that traditional and complementary therapies improved sleep (27, 28), such as Chinese herbal medicine (CHM), acupuncture and Taichi for insomnia (29–31), acupuncture for sleep-related breathing disorders (SBDs) (32), and acupuncture for restless leg syndrome (RLS) (33). There have been a number of clinical studies on traditional Chinese medicine (TCM) for PSSDs, suggesting that TCM might be a source of new therapies. However, an overview synthesizing all its clinical evidence has not been published.

An evidence map is an evidence synthesis tool that assists clinical investigators in developing future study agendas, which often includes a systematic search of a board field and identification gaps in knowledge and future study directions by visualizations of the evidence (34). In light of various sources of clinical evidence, we established an evidence map to primarily learn about the completeness of current evidence and the evidence gaps in TCM for PSSDs and to identify future study directions.



METHODS

We developed this evidence map based on a previous methodological study (35) and the International Initiative for Impact Evaluation Evidence Gap Methodology (3iE) (36). This study was reported in compliance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for scoping reviews (37).


Eligibility Criteria

In brief, this study included clinical studies on TCM for PSSDs. Studies that met all of the following criteria were eligible:


Participants

Participants who were diagnosed with PSSDs, including insomnia, SBDs, RLS, sleep-wake disorders, and daytime sleepiness.



Intervention

Participants who were treated with TCM, which included CHM; acupuncture therapies, such as needling, electro-acupuncture, acupressure, and acupoint moxibustion; other TCM therapies, such as Taichi and massage; and a combination of multiple TCM methods.



Study Designs

Any type of clinical studies as follows: systematic reviews (SRs), randomized clinical trials (RCTs), non-randomized controlled clinical trials (non-RCTs), cohort studies, case-control studies, case series, case reports, and personal views/opinions on treatments, and protocols of the study design described above as protocols were evidence in production.

There were no limitations in publication language, control group, and outcome measurements. Duplicates and studies without sufficient information to make a judgment on the participants, intervention, or study design were excluded.




Information Source, Literature Search, and Quality Assessment

PubMed, Embase, Cochrane Library, and Chinese databases, including SinoMed, CNKI, and Wanfang, were searched for clinical studies on PSSDs treated with TCM from their inception to September 2021. The search strategy is shown in Supplementary Table 1. Two reviewers (QS and HL) screened the literature independently by removing duplicates, reviewing the titles and abstracts, and reading the full texts. If there was any uncertainty, a third reviewer (DZ) was consulted. As the preliminary search identified SRs, the highest level of evidence pyramid, the reviewers (QS, NG) only assessed the methodological quality of SRs using A MeaSurement Tool to Assess systematic Reviews-2 (AMSTAR 2) (38).



Data Extraction, Analysis, and Evidence Map Production

Two reviewers (QS and DZ) collected the data using a pre-designed spreadsheet, and the senior reviewer (ZK) validated the data. The data items included the basic characteristics of the studies, such as language, publication type, journal type and specialty, research collaboration, country, study design, disease, and type of intervention. Only the outcome data for RCTs and SRs were extracted, as they were considered the highest level of the evidence pyramid. Their results on the comparative effectiveness between TCM and control were summarized as potentially better, potentially worse, mixed, no difference, and unclear. The mixed result referred to the case that one therapy resulted differently per outcomes. Descriptive statistics were applied in the data analysis and evidence synthesis to gain an overview of existing evidence and identify study gaps. The evidence was mapped using area charts for the presentation of time-dependent changes; using sunburst charts to present the composition of studies in terms of diseases, interventions, and study designs; and using bubble graphs and pie charts for the results of SRs and RCTs, respectively. Microsoft Excel 2021 was used for statistical analysis and graph production.




RESULTS


Selection of Sources of Evidence

The search initially identified 57,214 citations, and 810 eligible studies were finally included in this evidence map. The study identification and selection process are illustrated in Figure 1. The full list of included studies is shown in Supplementary Table 2.


[image: Figure 1]
FIGURE 1. Flowchart of study identification.




Basic Characteristics of Sources of Evidence

Most studies were written in Chinese (790, 97.53%), including 699 journal articles, 76 theses, and 15 conference papers. Among the few studies from English journals, most were Science Citation Indexed articles (n = 14, 70%). The included studies were widely published in journals within the scope of traditional, complementary, and alternative medicine (n = 410, 57.02%), and only 22 were published in journals specific to sleep medicine (3.06%). Studies in collaboration with other institutions (n = 106, 13.09%) or international partners (n = 3, 0.37%) accounted for minor modes of study implementation. Most of the studies were initiated by Chinese academics, whereas the others were conducted by Korean researchers (807 vs. 3). The basic characteristics of the sources of evidence are specified in Table 1.


Table 1. Basic characteristics of the source of evidence.
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The Overview of Evidence Composition

Regarding study design, the evidence body was composed of 21 SRs (2.59%), 633 RCTs (78.15%), 74 non-RCTs (9.14%), 1 cohort studies (0.12%), 1 case control (0.12%), 46 case series (5.68%), 24 case reports (2.96%), and 10 personal viewpoints on treatments (1.23%).

Regarding the type of intervention, 265 were for CHM (32.72%), 349 were for acupuncture therapies (43.09%), 22 were for other TCM therapies (2.72%), 172 were for a combination of multiple TCM methods (21.23%), and 2 did not specify the types of TCM therapies. Further details in terms of TCM interventions are shown in Supplementary Table 3.

With respect to the type of sleep disorder in post-stroke participants, 533 studies were for insomnia (65.80%), 33 were for SBDs (4.07%), and 29 were for other sleep disorders (3.58%), such as RLS, excessive sleepiness, and sleep-wake disorders. Unexpectedly, 215 studies did not specify the type of sleep disorders. Figure 2 shows the composition of the entire body of evidence in terms of the type of sleep disorders.


[image: Figure 2]
FIGURE 2. The overview of evidence body per sleep disorders.




The Time-Dependent Changes of Evidence

The first published study was traced back to 1993. Between 1993 and 2011, the growth rate was 5.21%, and the total number of studies was 99. From 2012 onward, the number of published studies increased, with the growth rate was 70.89% between 2012 and 2020. There was a peak in publications in 2020, of which 123 studies were published. A total of 73 studies were published between January and September in 2021.

Regarding types of sleep disorders in stroke participants, insomnia was first studied in 1993, and publications of the same disease have increased steadily. The publication of SBDs began in 2007, which was about sleep apnea, and studies on other sleep disorders appeared in 2002, which was about sleep-wake disorder. Neither of these two types of sleep disorders evidently increased. Studies without specific types of sleep disorders were first published in 1998 and have been continuously published up to 2021. Regarding the types of intervention, CHM was first studied in 1993, followed by acupuncture in 1996, combination therapies in 2004, and other TCM therapies, such as massage, in 2013. Almost all of the studies on TCM therapies increased in number, and those for acupuncture had the greatest growth rate. Figure 3 shows the overall time-dependent changes in published studies on TCM for PSSDs in terms of study design, type of sleep disorder, and interventions.


[image: Figure 3]
FIGURE 3. The time-dependent changes of publications on traditional Chinese medicine for post-stroke sleep disorders.




Study Designs and Types of Sleep Disorders and Interventions
 
Systematic Reviews

Most SRs were related to post-stroke insomnia (n = 15, 71.43%), including one treated with CHM, 13 with acupuncture therapies, one with massage. The remaining SRs did not have specific types of sleep disorders in stroke patients (n = 6, 28.57%), including three for CHM and one lacking detailed TCM treatment. Almost all SRs considered TCM treatments as a whole, except for one study that focused on Yangxue Qingnao granule, a Chinese patent drug made of polyherbal ingredients. Figure 4A shows the composition of SRs in terms of the type of sleep disorder and TCM treatment.


[image: Figure 4]
FIGURE 4. Evidence body per study designs and types of sleep disorders and interventions. (A) the composition of systematic reviews in terms of the type of sleep disorder and traditional Chinese medicine treatment; (B) the composition of the randomized controlled trials in terms of the type of sleep disorder and traditional Chinese medicine treatment; (C) the composition of non-randomized controlled trials in terms of type of sleep disorder and traditional Chinese medicine treatment; (D) the composition of the observational studies in terms of the type of sleep disorder and traditional Chinese medicine treatment. ACU, acupuncture therapies; CHM, Chinese herbal medicine; COM, a combination of multiple Traditional Chinese Medicine methods; OTH, other Traditional Chinese Medicine therapies.




Randomized Controlled Trials

Among the 633 RCTs, post-stroke insomnia was the most widely studied (n = 423, 66.82%), followed by the unspecified sleep disorder type (n = 164, 25.91%), SBDs (n = 26, 4.11%), and other sleep disorders (n = 20, 3.16%), including sleep-wake disorders (n = 11, 55%), daytime sleepiness (n = 6, 30%), and RLS (n = 3, 15%). Of the RCTs on insomnia, acupuncture therapies (n = 196, 46.34%) were investigated most frequently, such as needling acupuncture and electro-acupuncture (n = 107, n = 54.59%), auricular acupressure (n = 19, 9.69%), acupoint moxibustion (n = 9, 4.59%), and integration of multiple acupuncture therapies (n = 42, 21.43%). CHM was secondly investigated in RCTs for post-stroke insomnia (n = 125, 29.55%), of which Chinese herbal formulae, such as Suanzaoren decoction and Chaihulonggumuli decoction, and Chinese patent drugs, such as Bailemian capsule and Yangxueqingnao granule, were studied most (full ingredients are detailed in Supplementary Table 4). The combination of multiple TCM treatments was evaluated in 94 RCTs (22.22%), and other TCM therapies were assessed in eight RCTs (1.89%), for instance, four for massage (50%), three for TCM musical therapy (37.5%), and one for TCM exercise (12.5%). As for RCTs on SBDs, CHM was most commonly assessed (n = 16, 61.54%), followed by acupuncture therapies (n = 9, 34.62%), and combination therapy (n = 1, 3.85%). Figure 4B shows the composition of the RCTs in terms of the type of sleep disorder and TCM treatment.



Non-randomized Controlled Clinical Trials

Of the 74 non-RCTs, post-stroke insomnia continuously ranked at the top (n = 46, 62.16%), including 19 non-RCTs for combination therapies (41.30%), 13 for CHM (28.26%), and 14 for acupuncture therapies (30.43%), followed by unspecified sleep disorders (n = 26, 35.14%), and SBD (n = 1, 1.35%), which were treated with acupuncture therapies and sleep-wake disorders (n = 1, 1.35%). Figure 4C shows the composition of non-RCTs in terms of type of sleep disorder and TCM treatment.



Observational Studies

Among the 72 observational studies, post-stroke insomnia accounted for most of the type of disease (n = 43, 59.72%), followed by those without a specific type (n = 16, 22.22%); other types of sleep disorders (n = 8, 11.11%), such as sleep-wake disorders (n = 3), RLS (n = 3), and daytime sleepiness (n = 2); and SBDs (n = 5, 6.94%). Regarding the types of treatments, CHM was assessed most frequently in observational studies for post-stroke insomnia (n = 18, 41.86%), followed by acupuncture therapies (n = 18, 41.86%), combination therapies (n = 6, 13.95%), and other therapies, such as TCM exercise (n = 1, 2.33%). All five observational studies on SBD included acupuncture therapy. Figure 4D shows the composition of the observational studies in terms of the type of sleep disorder and TCM treatment.



Personal Viewpoints on Treatments

Of the 10 personal viewpoints on treatment, six were for insomnia, one for SBD, and three for sleep disorders of unspecific types. For types of interventions, CHM was discussed in four papers, and acupuncture were discussed in three papers, combination therapies were discussed in two papers, and TCM treatments without specific types were discussed in one paper.




Evidence Synthesis for Therapeutic Effectiveness

Of the 21 SRs, 14 had reported therapeutic effectiveness. Three categories of results were reported, including TCM being potentially better than the control (n = 9, 64.29%), absence of statistical difference between TCM and the control (n = 2, 14.29%), and mixed results (n = 3, 21.43%). However, all SRs had low methodological quality in terms of the AMSTAR scores (Supplementary Table 5). After excluding five studies with unspecific types of PSSDs, the pool of nine SRs suggested that acupuncture showed potential benefits in improving subjective sleep quality, daytime functioning, and global effectiveness, whereas acupuncture did not improve sleep onset latency and total sleep duration (Figure 5).


[image: Figure 5]
FIGURE 5. The effectiveness of traditional Chinese medicine on post-stroke sleep disorders: evidence synthesis of systematic reviews. The size of bubbles is decided by the sample size included to the pairwise comparison in terms of certain outcome measurements. Better: the meta-analysis favoring traditional Chinese medicine; worse: the meta-analysis favoring comparators; indifference: there is no statistical difference between traditional Chinese medicine and comparators in the meta-analysis.


As SRs were only for post-stroke insomnia and sleep disorders of unspecified types, the results from RCTs were further summarized to gain an overview of TCM effectiveness for all PSSDs. A total of 632 RCTs were included in the analysis after removing one without results. For post-stroke insomnia, most studies suggested that TCM performed potentially better than the control; however, a considerable number of RCTs on acupuncture therapies reported mixed results (n = 39). Regarding SBDs, the superiority of CHM or acupuncture therapies over the control was reported in most studies, and none reported indifference between TCM and the comparator. However, approximately one-third of CHM studies reported mixed results (n = 5). With respect to other sleep disorders, CHM was of varied effectiveness, whereas acupuncture therapies presented potential benefits compared to controls in most RCTs. For sleep disorders without specific types, the greatest number of RCTs with positive results was identified in those for CHM (n = 57). Figure 6 shows the overall therapeutic effectiveness of the synthesis of RCTs. In addition, we found that the mixed results were often due to various outcome measurements applied in RCTs, such as sleep quality, sleep quantity, neurological impairment, psychological wellbeing, quality of life, and TCM syndromes; therefore, we attached the Supplementary Table 6 to detail the pooled results of RCTs on TCM for PSSDs per outcome measurements.


[image: Figure 6]
FIGURE 6. The effectiveness of traditional Chinese medicine on post-stroke sleep disorders: evidence synthesis of randomized controlled trials. The results are presented with the number of studies (%). TCM, traditional Chinese medicine.





DISCUSSION


A Summary of Main Findings

This evidence map of 810 studies showed an overview of clinical evidence on TCM for PSSDs, and RCTs accounted for the majority. Evidence has been continuously growing, and sharp growth has been sustained in the past decade. Regarding the first appearance of different study designs on TCM for PSSDs, publishing the first study, a case series, was traced back to 1993; the first RCT was published in 2002, and the first SR was published in 2015. The major clinical evidence was the effectiveness assessment for CHM and acupuncture, and post-stroke insomnia was the type of participants in most studies. Although most RCTs supported the potential benefits of CHM and acupuncture therapies for PSSDs, mixed results of a few studies were observed for particular types of PSSDs and intervention. Most SRs suggested the superiority of TCM in improving PSSDs; however, most of them had low methodological quality. This study included various sources of clinical evidence, which was of strength in gaining a broad view of the current evidence and identifying the evidence gaps using simple descriptive statistics and the visualization of a large number of studies, compared with a classical SR and meta-analysis, which set rigorous eligibility criteria to answer a specific study question (34).



Evidence Completeness and Explanations

This evidence map found that post-stroke insomnia was the most studied condition in clinical studies. This may be explained by the long history of TCM application in the treatment of insomnia (39, 40) and clinical evidence favoring the benefits of TCM in improving insomnia (41, 42). The interest and popularity of the public in seeking TCM to improve insomnia may be another reason (43). However, TCM for post-stroke SBDs has been studied in significantly fewer studies, which is inconsistent with the high prevalence of SBD in stroke patients (44). In addition, the negative impact of SBDs on the prognosis of stroke patients, such as neurological impairments, and long-term endpoints, such as recurrent stroke and mortality, have been identified, which is a priority in developing therapies to improving the outcome (45, 46). Thus, studies exploring the benefits of TCM for SBDs in patients with stroke are urgently required. The study also revealed that the evidence assessing TCM for other types of PSSDs, such as RLS, was limited. Further studies of this clinical question should be conducted, as it was historically documented that CHM was used for the treatment of RLS, which dated back to 1529 AD, approximately a century and a half earlier than the first report in England (47). In addition, high-quality studies supporting the benefits and safety of TCM for RLS have been continuously published (33, 47, 48).

This evidence map identified a large number of clinical studies on CHM and acupuncture therapies, whereas Chinese mind-body exercises, such as Taichi and Baduanjin, were rarely studied. The Chinese mind-body exercises promotes mind-body interaction by combining specific postures and movements with deep breathing and mental focus (49). Previous clinical evidence has shown that Taichi can improve sleep quality and reduce the severity of insomnia (31, 50). Clinical studies of Taichi could be extended to participants with post-stroke insomnia as its occurrence was also due to variable factors, possibly impaired sleep regulation after stroke, and environmental and psychological factors (2, 3).

Most evidence was from Chinese journals, which was not surprising as TCM originated from China, and it is widely accepted in modern China, particularly in elderly people (51). Almost all the evidence from English written journals was for acupuncture therapies, which could be partially explained by the greater interest in studying and applying acupuncture in the West compared to other TCM therapies (52). For example, the US National Center for Complementary and Alternative Medicine funded many acupuncture studies, which accounted for 64.52% of all CAM studies (53). In addition, the US Food and Drug Administration approved acupuncture needles as medical devices, and 1.4% of the US population used acupuncture early in 2008 (54). However, CHM is commonly considered a food supplement in Western countries, such as the USA, and the approval of its clinical use has been a great challenge (54). This may be the reason why clinical evidence from CHM, a major type of TCM therapy, is not commonly published in English.

Regarding the types of CHM used for post-stroke insomnia, the evidence map identified some Chinese patent drugs that were not commonly used for primary insomnia, such as Yangxueqingnao granule. Its main ingredients, Radix Angelicae Sinensis, Rhizoma Chuanxiong, and Caulis Spatholobi, have been shown to improve cerebral ischemia in laboratory experiments (55–57), which suggests that the selection of CHM for post-stroke insomnia is probably based on its pharmacological actions in ameliorating ischemic impairments. This differs greatly from the therapeutic principles of CHM for primary insomnia (43). Regarding the CHM formulae, both post-stroke insomnia and primary insomnia favored the Suanzaoren decoction. Although the Suanzaoren decoction has been assessed in many preclinical and clinical studies for primary insomnia (58–60), a large-scale RCT with a rigorous design is required to evaluate its efficacy in post-stroke insomnia.

Regarding the types of study design, the publication of SRs on TCM for PSSDs was more than 15 years after the first SR for TCM (61), and the study questions in most of the included SRs lacked focus and specificity. Although most SRs supported the positive effect of TCM on PSSDs, these results might overestimate the effect size due to the low quality of SRs (62). In addition, publication bias should be considered, as SRs with positive results are more likely published (63). Thus, more SRs with a specific study question and of high quality are required for PSSDs treated with TCM. This evidence map also found that an overwhelming number of RCTs on TCM for PSSD were published compared with observational studies of a significantly smaller quantity. Although the RCT was the golden standard for evaluating the treatment effect (64), it was at a high cost. A well-designed RCT should be conducted after developing a reliable study question by analyzing a sufficient number of observational studies. Overproduction of low-quality RCTs (65) has also been observed in the global evidence body of TCM (66).



Evidence Gap and Implications for Future Studies

In summary, the overall evidence body was insufficient in the areas of TCM for post-stroke SBD and Chinese mind-body exercises for post-stroke insomnia. In addition, the current evidence is remarkably ambiguous to be translated into clinical practice, as few studies have focused on specific CHM interventions for post-stroke insomnia. Although the number of SRs on acupuncture for post-stroke insomnia was large, their quality was significantly low to reach a certain conclusion. In addition, we identified seven protocols of SRs and one protocol for RCT, most of which were assessing acupuncture therapies for post-stroke insomnia, and results of them were not published. Thus, future studies should be conducted in the following areas:

• Prioritizing high-quality clinical trials on specific CHM interventions and improving the quality of SRs on acupuncture for a better evidence translation to clinical practice of post-stroke insomnia

• Exploring the effect of TCM on SBDs after stroke and as the benefits of Chinese mind-body exercises for post-stroke insomnia for the generation of more clinical evidence of clinical significance and emergence.




LIMITATIONS

This study has some limitations. We only electronically searched the English and Chinese literature databases, which may have omitted evidence from other sources.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

QS conceived the study. QS, DZ, NG, and HL searched the literature and collected data. QS, DZ, and ZK analyzed the data. ZK and DZ contributed to the graphical presentation of the evidence map. XN designed the study, supervised the study implementation, and wrote the manuscript. All authors approved the final submission.



FUNDING

This study was funded by the Scientific and Technological Research Project for Young Investigators from the Guangdong Provincial Hospital of Chinese Medicine, China (No. YN2019QL10, principal investigator: XN) and was additionally supported by the internal funding from Guangzhou University of Chinese Medicine (No. 2021xk26).



ACKNOWLEDGMENTS

We acknowledge the contributions of Ms. Bojing Zhang and Ms. Qin Li in the preliminary search and categorization of the literature.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fpsyt.2022.865630/full#supplementary-material



ABBREVIATIONS

AMSTAR 2, A MeaSurement Tool to Assess systematic Reviews-2; CBT-i, cognitive-behavioral therapy for insomnia; CHM, Chinese herbal medicine; CPAP, continuous positive airway pressure; non-RCTs, non-randomized controlled clinical trials; PSI, post-stroke insomnia; PSSDs, post-stroke sleep disorders; RCTs, randomized controlled trials; RLS, restless leg syndrome; SBDs, sleep-related breathing disorders; SRs, systematic reviews; TCM, traditional Chinese medicine.



REFERENCES

 1. GBD 2019 Stroke Collaborators. Global, regional, and national burden of stroke and its risk factors, 1990-2019: a systematic analysis for the Global Burden of Disease Study 2019. Lancet Neurol. (2021) 20:795–820. doi: 10.1016/S1474-4422(21)00252-0

 2. Mims KN, Kirsch D. Sleep and Stroke. Sleep Med Clin. (2016) 11:39–51. doi: 10.1016/j.jsmc.2015.10.009

 3. Baylan S, Griffiths S, Grant N, Broomfield NM, Evans JJ, Gardani M. Incidence and prevalence of post-stroke insomnia: a systematic review and meta-analysis. Sleep Med Rev. (2020) 49:101222. doi: 10.1016/j.smrv.2019.101222

 4. Hasan F, Gordon C, Wu D, Huang HC, Yuliana LT, Susatia B, et al. Dynamic prevalence of sleep disorders following stroke or transient ischemic attack: systematic review and meta-analysis. Stroke. (2021) 52:655–63. doi: 10.1161/STROKEAHA.120.029847

 5. Divani AA, Majidi S, Barrett AM, Noorbaloochi S, Luft AR. Consequences of stroke in community-dwelling elderly: the health and retirement study, 1998 to 2008. Stroke. (2011) 42:1821–5. doi: 10.1161/STROKEAHA.110.607630

 6. Zhao Y, Hu B, Liu Q, Wang Y, Zhao Y, Zhu X. Social support and sleep quality in patients with stroke: The mediating roles of depression and anxiety symptoms. Int J Nurs Pract. (2021) e12939. doi: 10.1111/ijn.12939

 7. Brown DL, Shafie-Khorassani F, Kim S, Chervin RD, Case E, Morgenstern LB, et al. Sleep-disordered breathing is associated with recurrent ischemic stroke. Stroke. (2019) 50:571–6. doi: 10.1161/STROKEAHA.118.023807

 8. Good DC, Henkle JQ, Gelber D, Welsh J, Verhulst S. Sleep-disordered breathing and poor functional outcome after stroke. Stroke. (1996) 27:252–9. doi: 10.1161/01.STR.27.2.252

 9. Menon D, Sukumaran S, Varma R, Radhakrishnan A. Impact of obstructive sleep apnea on neurological recovery after ischemic stroke: a prospective study. Acta Neurol Scand. (2017) 136:419–26. doi: 10.1111/ane.12740

 10. Tang WK, Grace Lau C, Mok V, Ungvari GS, Wong KS. Insomnia and health-related quality of life in stroke. Top Stroke Rehabil. (2015) 22:201–7. doi: 10.1179/1074935714Z.0000000026

 11. Gorgoni M, D'Atri A, Lauri G, Rossini PM, Ferlazzo F. De Gennaro L. Is sleep essential for neural plasticity in humans, and how does it affect motor and cognitive recovery? Neural Plast. (2013) 2013:103949. doi: 10.1155/2013/103949

 12. Duss SB, Seiler A, Schmidt MH, Pace M, Adamantidis A, Müri RM, et al. The role of sleep in recovery following ischemic stroke: a review of human and animal data. Neurobiol Sleep Circadian Rhythms. (2016) 2:94–105. doi: 10.1016/j.nbscr.2016.11.003

 13. Qaseem A, Kansagara D, Forciea MA, Cooke M, Denberg TD. Clinical Guidelines Committee of the American College of Physicians. Management of Chronic Insomnia Disorder in Adults: A Clinical Practice Guideline From the American College of Physicians. Ann Intern Med. (2016) 165:125–33. doi: 10.7326/M15-2175

 14. Koffel EA, Koffel JB, Gehrman PR. A meta-analysis of group cognitive behavioral therapy for insomnia. Sleep Med Rev. (2015) 19:6–16. doi: 10.1016/j.smrv.2014.05.001

 15. Jokinen H, Melkas S, Ylikoski R, Pohjasvaara T, Kaste M, Erkinjuntti T, et al. Post-stroke cognitive impairment is common even after successful clinical recovery. Eur J Neurol. (2015) 22:1288–94. doi: 10.1111/ene.12743

 16. Kalaria RN, Akinyemi R, Ihara M. Stroke injury, cognitive impairment and vascular dementia. Biochim Biophys Acta. (2016) 1862:915–25. doi: 10.1016/j.bbadis.2016.01.015

 17. Neutel CI, Perry S, Maxwell C. Medication use and risk of falls. Pharmacoepidemiol Drug Saf. (2002) 11:97–104. doi: 10.1002/pds.686

 18. Bateson AN. Basic pharmacologic mechanisms involved in benzodiazepine tolerance and withdrawal. Curr Pharm Des. (2002) 8:5–21. doi: 10.2174/1381612023396681

 19. Chen Q, Jin Z, Zhang P, Sun S, Li L, Liao Y. Characteristics of drug-related problems among hospitalized ischemic stroke patients in China. Int J Clin Pharm. (2020) 42:1237–41. doi: 10.1007/s11096-020-01081-6

 20. Greenblatt DJ, Harmatz JS, Shader RI. Clinical pharmacokinetics of anxiolytics and hypnotics in the elderly. Therapeutic considerations (Part I). Clin Pharmacokinet. (1991) 21:165–77. doi: 10.2165/00003088-199121030-00002

 21. Kruse WH. Problems and pitfalls in the use of benzodiazepines in the elderly. Drug Saf. (1990) 5:328–44. doi: 10.2165/00002018-199005050-00003

 22. Vestergaard P, Rejnmark L, Mosekilde L. Anxiolytics and sedatives and risk of fractures: effects of half-life. Calcif Tissue Int. (2008) 82:34–43. doi: 10.1007/s00223-007-9095-0

 23. Ryan CM, Bayley M, Green R, Murray BJ, Bradley TD. Influence of continuous positive airway pressure on outcomes of rehabilitation in stroke patients with obstructive sleep apnea. Stroke. (2011) 42:1062–7. doi: 10.1161/STROKEAHA.110.597468

 24. Parra O, Sánchez-Armengol A, Bonnin M, Arboix A, Campos-Rodríguez F, Pérez-Ronchel J, et al. Early treatment of obstructive apnoea and stroke outcome: a randomised controlled trial. Eur Respir J. (2011) 37:1128–36. doi: 10.1183/09031936.00034410

 25. Rotenberg BW, Murariu D, Pang KP. Trends in CPAP adherence over twenty years of data collection: a flattened curve. J Otolaryngol Head Neck Surg. (2016) 45:43. doi: 10.1186/s40463-016-0156-0

 26. Mello-Fujita L, Kim LJ, Palombini Lde O, Rizzi C, Tufik S, Andersen ML, et al. Treatment of obstructive sleep apnea syndrome associated with stroke. Sleep Med. (2015) 16:691–6. doi: 10.1016/j.sleep.2014.12.017

 27. Gooneratne NS. Complementary and alternative medicine for sleep disturbances in older adults. Clin Geriatr Med. (2008) 24:121-viii. doi: 10.1016/j.cger.2007.08.002

 28. Sarris J, Byrne GJ. A systematic review of insomnia and complementary medicine. Sleep Med Rev. (2011) 15:99–106. doi: 10.1016/j.smrv.2010.04.001

 29. Ni X, Shergis JL, Guo X, Zhang AL, Li Y, Lu C, et al. Updated clinical evidence of Chinese herbal medicine for insomnia: a systematic review and meta-analysis of randomized controlled trials. Sleep Med. (2015) 16:1462–81. doi: 10.1016/j.sleep.2015.08.012

 30. Shergis JL, Ni X, Jackson ML, Zhang AL, Guo X, Li Y, et al. systematic review of acupuncture for sleep quality in people with insomnia. Comp Ther Med. (2016) 26:11–20. doi: 10.1016/j.ctim.2016.02.007

 31. Siu PM, Yu AP, Tam BT, Chin EC, Yu DS, Chung KF, et al. Effects of tai chi or exercise on sleep in older adults with insomnia: a randomized clinical trial. JAMA Netw Open. (2021) 4:e2037199. doi: 10.1001/jamanetworkopen.2020.37199

 32. Freire AO, Sugai GC, Chrispin FS, Togeiro SM, Yamamura Y, Mello LE, et al. Treatment of moderate obstructive sleep apnea syndrome with acupuncture: a randomised, placebo-controlled pilot trial. Sleep Med. (2007) 8:43–50. doi: 10.1016/j.sleep.2006.04.009

 33. Pan W, Wang M, Li M, Wang Q, Kwak S, Jiang W, et al. Actigraph evaluation of acupuncture for treating restless legs syndrome. Evid Based Complement Alternat Med. (2015) 2015:343201. doi: 10.1155/2015/343201

 34. Miake-Lye IM, Hempel S, Shanman R, Shekelle PG. What is an evidence map? A systematic review of published evidence maps and their definitions, methods, and products. Syst Rev. (2016) 5:28. doi: 10.1186/s13643-016-0204-x

 35. Schveitzer MC, Abdala CVM, Portella CFS, Ghelman R. Traditional, complementary, and integrative medicine evidence map: a methodology to an overflowing field of data and noise. Rev Panam Salud Publica. (2021) 45:e48. doi: 10.26633/RPSP.2021.48

 36. Snilstveit B, Vojtkova M, Bhavsar A, Stevenson J, Gaarder M. Evidence & gap maps: a tool for promoting evidence informed policy and strategic research agendas. J Clin Epidemiol. (2016) 79:120–9. doi: 10.1016/j.jclinepi.2016.05.015

 37. Tricco AC, Lillie E, Zarin W, O'Brien KK, Colquhoun H, Levac D, et al. PRISMA extension for scoping reviews (PRISMA-ScR): checklist and explanation. Ann Intern Med. (2018) 169:467–73. doi: 10.7326/M18-0850

 38. Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, et al. 2: a critical appraisal tool for systematic reviews that include randomised or non-randomised studies of healthcare interventions, or both. BMJ. (2017) 358:j4008. doi: 10.1136/bmj.j4008

 39. Pei W, Peng R, Gu Y, Zhou X, Ruan J. Research trends of acupuncture therapy on insomnia in two decades (from 1999 to 2018):a bibliometric analysis. BMC Complement Altern Med. (2019) 19:225. doi: 10.1186/s12906-019-2606-5

 40. Ni X, Shergis JL, Zhang AL, Guo X, Lu C, Li Y, et al. Traditional use of Chinese herbal medicine for insomnia and priorities setting of future clinical research. J Altern Complement Med. (2019) 25:8–15. doi: 10.1089/acm.2018.0249

 41. Yin X, Gou M, Xu J, Dong B, Yin P, Masquelin F, et al. Efficacy and safety of acupuncture treatment on primary insomnia: a randomized controlled trial. Sleep Med. (2017) 37:193–200. doi: 10.1016/j.sleep.2017.02.012

 42. Fu C, Zhao N, Liu Z, Yuan LH, Xie C, Yang WJ, et al. Acupuncture improves peri-menopausal insomnia: a randomized controlled trial. Sleep. (2017) 40:10.1093/sleep/zsx153. doi: 10.1093/sleep/zsx153

 43. Lee KH, Tsai YT, Lai JN, Lin SK. Concurrent use of hypnotic drugs and chinese herbal medicine therapies among Taiwanese adults with insomnia symptoms: a population-based study. Evid Based Complement Alternat Med. (2013) 2013:987862. doi: 10.1155/2013/987862

 44. Hermann DM, Bassetti CL. Sleep-related breathing and sleep-wake disturbances in ischemic stroke. Neurology. (2009) 73:1313–22. doi: 10.1212/WNL.0b013e3181bd137c

 45. Aaronson JA, van Bennekom CA, Hofman WF, van Bezeij T, van den Aardweg JG, Groet E, et al. Obstructive sleep apnea is related to impaired cognitive and functional status after stroke. Sleep. (2015) 38:1431–7. doi: 10.5665/sleep.4984

 46. Birkbak J, Clark AJ, Rod NH. The effect of sleep disordered breathing on the outcome of stroke and transient ischemic attack: a systematic review. J Clin Sleep Med. (2014) 10:103–8. doi: 10.5664/jcsm.3376

 47. Yan X, Wang WD, Walters AS, Wang Q, Liu YJ, Chu FY. Traditional Chinese medicine herbal preparations in restless legs syndrome (RLS) treatment: a review and probable first description of RLS in 1529. Sleep Med Rev. (2012) 16:509–18. doi: 10.1016/j.smrv.2012.01.003

 48. Xu XM, Liu Y, Jia SY, Dong MX, Cao D, Wei YD. Complementary and alternative therapies for restless legs syndrome: an evidence-based systematic review. Sleep Med Rev. (2018) 38:158–67. doi: 10.1016/j.smrv.2017.06.003

 49. Wang X, Li P, Pan C, Dai L, Wu Y, Deng Y. The effect of mind-body therapies on insomnia: a systematic review and meta-analysis. Evid Based Complement Alternat Med. (2019) 2019:9359807. doi: 10.1155/2019/9359807

 50. Li H, Chen J, Xu G, Duan Y, Huang D, Tang C, et al. The effect of Tai Chi for improving sleep quality: a systematic review and meta-analysis. J Affect Disord. (2020) 274:1102–12. doi: 10.1016/j.jad.2020.05.076

 51. Liu T, Li X, Zou ZY, Li C. The Prevalence and Determinants of Using Traditional Chinese Medicine Among Middle-aged and Older Chinese Adults: Results From the China Health and Retirement Longitudinal Study. J Am Med Dir Assoc. (2015) 16:1002.e1–1002.e10025. doi: 10.1016/j.jamda.2015.07.011

 52. Fu JY, Zhang X, Zhao YH, Tong HF, Chen DZ, Huang MH, et al. DECADES. Afr J Tradit Complement Altern Med. (2017) 14:257–73. doi: 10.21010/ajtcam.v14i3.27

 53. Tian XM. The development of Traditional Chinese medicine in the United States. J Peking Univ. (2012) 44:715–9. doi: 10.3969/j.issn.1671-167X.2012.05.010

 54. Barnes PM, Bloom B, Nahin RL. Complementary and alternative medicine use among adults and children: United States, 2007. Natl Health Stat Report. (2008) 12:1–23. doi: 10.1037/e623942009-001

 55. Lee SE, Lim C, Cho S. Angelica gigas root ameliorates ischaemic stroke-induced brain injury in mice by activating the PI3K/AKT/mTOR and MAPK pathways. Pharm Biol. (2021) 59:662–71. doi: 10.1080/13880209.2021.1928241

 56. Gu J, Chen J, Yang N, Hou X, Wang J, Tan X, et al. Combination of Ligusticum chuanxiong and Radix Paeoniae ameliorate focal cerebral ischemic in MCAO rats via endoplasmic reticulum stress-dependent apoptotic signaling pathway. J Ethnopharmacol. (2016) 187:313–24. doi: 10.1016/j.jep.2016.04.024

 57. Park HR, Lee H, Lee JJ, Yim NH, Gu MJ, Ma JY. Protective effects of spatholobi caulis extract on neuronal damage and focal ischemic stroke/reperfusion injury. Mol Neurobiol. (2018) 55:4650–66. doi: 10.1007/s12035-017-0652-x

 58. Dong YJ, Jiang NH, Zhan LH, Teng X, Fang X, Lin MQ, et al. Soporific effect of modified Suanzaoren Decoction on mice models of insomnia by regulating Orexin-A and HPA axis homeostasis. Biomed Pharmacother. (2021) 143:112141. doi: 10.1016/j.biopha.2021.112141

 59. Xie CL, Gu Y, Wang WW, Lu L, Fu DL, Liu AJ, et al. Efficacy and safety of Suanzaoren decoction for primary insomnia: a systematic review of randomized controlled trials. BMC Complement Altern Med. (2013) 13:18. doi: 10.1186/1472-6882-13-18

 60. Song MF, Chen LQ, Shao QY, Hu LL, Liu WJ, Zhang YH. Efficacy and safety of Jiawei Suanzaoren decoction combined with lorazepam for chronic insomnia: a parallel-group randomized controlled trial. Evid Based Complement Alternat Med. (2020) 2020:3450989. doi: 10.1155/2020/3450989

 61. Jiang M, Yang J, Zhang C, Liu B, Chan K, Cao H, et al. Clinical studies with traditional Chinese medicine in the past decade and future research and development. Planta Med. (2010) 76:2048–64. doi: 10.1055/s-0030-1250456

 62. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, et al. Cochrane Bias Methods Group; Cochrane Statistical Methods Group. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011) 343:d5928. doi: 10.1136/bmj.d5928

 63. Hopewell S, Loudon K, Clarke MJ, Oxman AD, Dickersin K. Publication bias in clinical trials due to statistical significance or direction of trial results. Cochrane Database Syst Rev. (2009) 2009:MR000006. doi: 10.1002/14651858.MR000006.pub3

 64. Kendall JM. Designing a research project: randomised controlled trials and their principles. Emerg Med J. (2003) 20:164–8. doi: 10.1136/emj.20.2.164

 65. Lee SH, Lim SM. Acupuncture for insomnia after stroke: a systematic review and meta-analysis. BMC Complement Altern Med. (2016) 16:228. doi: 10.1186/s12906-016-1220-z

 66. Wang G, Mao B, Xiong ZY, Fan T, Chen XD, Wang L, et al. The quality of reporting of randomized controlled trials of traditional Chinese medicine: a survey of 13 randomly selected journals from mainland China. Clin Ther. (2007) 29:1456–67. doi: 10.1016/j.clinthera.2007.07.023

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Publisher's Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Su, Zou, Gai, Li, Kuang and Ni. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpsyt-13-865630-g005.gif
St queniy

ERp—






OPS/images/fpsyt-13-865630-g006.gif





OPS/images/fpsyt-13-865630-g003.gif
FTTATAL AL R 3RRARARR AR ETEEDARLALARAAAR





OPS/images/fpsyt-13-865630-g004.gif
e

o}





OPS/images/fpsyt-13-865630-t001.jpg
Basic characteristics Number %

(n =810)
Language
Chinese 790 9753
English 20 247
Type of publication
Journal articles 719 88.77
Thesis 76 938
Conference paper 15 1.85
Journal specialty®
Sleep medicine 22 3.06
Traditional/complementary and alternative 410 57.02
medicine
Other specialties 287 30.92
Journal types®
Chinese journal 699 97.22
Chinese scientific and technical papers 49 7.0
and citation indexed®
English journal 20 2.78
Science Citation Indexed 14 70
Research collaboration
Single institution 701 8654
Cross-insitutions 108 13.09
International 3 037
Country for primary corresponding author(s)
China 807 99.63
Korea 3 037
4The calculation of journal specialty was based on the total number of journal artices
(h=719
LThe ca{cu/alion of journal types was based on the total number of journal articles
(=719

©The calculation of Chinese scientific and technical papers and citations indexed was
based on the total number of Chinese journals (n = 699).
9The calculation of the science citation index was based on English journals (n

0).





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Traditional Chinese Medicine for Post-stroke Sleep Disorders: The Evidence Mapping of Clinical Studies



		Introduction



		Methods



		Eligibility Criteria



		Participants



		Intervention



		Study Designs









		Information Source, Literature Search, and Quality Assessment



		Data Extraction, Analysis, and Evidence Map Production







		Results



		Selection of Sources of Evidence



		Basic Characteristics of Sources of Evidence



		The Overview of Evidence Composition



		The Time-Dependent Changes of Evidence



		Study Designs and Types of Sleep Disorders and Interventions



		Systematic Reviews



		Randomized Controlled Trials



		Non-randomized Controlled Clinical Trials



		Observational Studies



		Personal Viewpoints on Treatments









		Evidence Synthesis for Therapeutic Effectiveness







		Discussion



		A Summary of Main Findings



		Evidence Completeness and Explanations



		Evidence Gap and Implications for Future Studies







		Limitations



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
@ frontiers | Frontiers in Psychiatry

Traditional Chinese Medicine for
Post-stroke Sleep Disorders: The
Evidence Mapping of Clinical Studies





OPS/images/fpsyt-13-865630-g001.gif
J (

) (

Rt it o st i dogh s

s QY
TS

S,

o "en i e )

S
el [
] + Nt poststoke p e
G-
S
Erred pehmrer iy

e e )

G

St 0






OPS/images/fpsyt-13-865630-g002.gif









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
& frontiers | Frontiers in Psychiatry





