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Abstract
[bookmark: OLE_LINK7][bookmark: OLE_LINK101]Objective: To systematically research the impact of warming needle moxibustion (WNM) for Alzheimer's Disease (AD).
Methods: Four Chinese databases and six English databases were systematically searched. Randomized controlled trials (RCTs) involving the use of WNM to intervene in AD patients were included. Data were extracted from the included studies and methodological quality was evaluated according to the Cochrane Handbook for Systematic Reviews of Intervention 5.1.0. Meta-analysis was performed using RevMan 5.4 software.
[bookmark: OLE_LINK80]Results: 8 RCTs comprising 524 patients were included. The study showed that WNM was more effective in the treatment of AD than acupuncture or pharmacotherapy. The findings were as follows: MMSE (MD=1.01, 95%CI: 0.13, 1.90, P=0.03) and CDR (MD=-0.73, 95%CI: -0.84, -0.61, P<0.00001) for global cognitive function, ADL (MD=-1.84, 95%CI: -2.47, -1.22, P<0.00001) for activities of daily living, Syndrome Differentiation Scale of Dementia (SDSD) (MD=-2.67, 95%CI: -3.62, -1.72, P<0.00001), and the total effective rate of patients (OR=3.89, 95%CI: 2.49, 6.09, P<0.00001). The differences in all indicators were statistically significant.
[bookmark: OLE_LINK111]Conclusion: WNM has a significant effect on improving cognitive function and daily living ability, reducing the symptoms of AD, and increase the total effective rate. WNM is an effective non-pharmacological therapy for patients with AD.
[bookmark: OLE_LINK105]Keywords: Warming needle moxibustion, Alzheimer’s disease, Randomized Controlled Trials, systematic review and meta-analysis
Review criteria: how did you gather, select and analyze the information you considered in your review?
Four Chinese databases and six English databases were systematically searched. Randomized controlled trials (RCTs) involving the use of WNM to intervene in AD patients were included. Data were extracted from the included studies and methodological quality was evaluated according to the Cochrane Handbook for Systematic Reviews of Intervention 5.1.0. Meta-analysis was performed using RevMan 5.4 software.

Message for the clinic: what is the ‘take-home’ message for the clinician?
[bookmark: _GoBack]Warming needle moxibustion has a significant effect on improving cognitive function and daily living ability, reducing the symptoms of AD, and increase the total effective rate. WNM is an effective non-pharmacological therapy for patients with AD.
Introduction
[bookmark: OLE_LINK102][bookmark: OLE_LINK4][bookmark: OLE_LINK60][bookmark: OLE_LINK49][bookmark: OLE_LINK62][bookmark: OLE_LINK76][bookmark: OLE_LINK26][bookmark: OLE_LINK109]Dementia is a syndrome caused by a brain disease, usually chronic, and is characterized by a gradual and overall decline in intelligence, including memory, learning, orientation, language, understanding and judgment.1 WHO estimated that dementia affected 50 million people worldwide in 2015, which is estimated to increase to 82 million people by 2030. Alzheimer’s disease (AD) is a degenerative brain disease, that is the most common form of dementia, accounting for 60%-70% of the dementia.2 In 2020, as many as 5.8 million Americans were living with AD.3 The main risk factor for AD is age.4 The incidence of AD is increasing exponentially among the elderly, and it rises from 1% among 65-year-olds to about 40-50% among 95-year-olds.5 Since AD is an age-related disease, the prevalence of AD patients is increasing with the aging of the population.
[bookmark: OLE_LINK110][bookmark: OLE_LINK1][bookmark: OLE_LINK112]AD is a histological feature of neurodegeneration in the brain, leading to progressive memory loss, impaired thinking, disorientation, and personality and mood changes, which limit their ability to communicate with others, reduce social participation and independence, living quality and ability to function in daily life.6 A person diagnosed with AD, once unable to take care of themselves, usually has to rely on families, health or social system for help.7 It was estimated that the lifetime cost of care was $373,527 per person with AD in 2020.8 In view of the serious economic and social impact of AD, it can be predicted that AD has become one of the major public health challenges due to the rapid growth of the international and global aging population.9 
[bookmark: OLE_LINK88][bookmark: OLE_LINK15][bookmark: OLE_LINK51][bookmark: OLE_LINK50][bookmark: OLE_LINK89][bookmark: OLE_LINK113][bookmark: OLE_LINK21][bookmark: OLE_LINK53][bookmark: OLE_LINK3][bookmark: OLE_LINK114][bookmark: OLE_LINK74][bookmark: OLE_LINK120][bookmark: OLE_LINK119]The treatment of AD is on the basis of symptomatic drugs, which can improve its symptoms but have little or no effects on the progression of the disease, and pharmacotherapies might have side effects.10,11 So non-pharmacological therapies have received increasing attention as an alternative first-line therapies for people with AD.12 Acupuncture is a traditional Chinese non-pharmaceutical therapies, that is generally considered to be a popular and effective form for AD if treated by skilled doctors.13 It uses one or more thin needles to stimulate specific points, involving various techniques for example manual acupuncture (MA), electro-acupuncture (EA), acupoint injection, and combines moxibustion.14 In Europe, one of the most commonly used complementary and alternative therapies is acupuncture, accounting for 3.6%.15 In the USA, there are about 3.5 million adults receiving acupuncture treatment, accounting for about 1.5% of the total population.16 Warming needle moxibustion (WNM) is a technique of combining acupuncture and moxibustion. In the process of retaining the needle, pinch moxa on the tail of the needle, or insert a moxa stick of appropriate length on the needle handle, then ignite the moxa, and conduct heat to the acupoints through the needle to play the dual role of acupuncture and moxibustion.17 The study found that heat produced by moxibustion combustion not only makes the surface of the acupoints warm, but also transits to the acupoints through the radiation and directional conduction of the needle shaft, so as to stimulate the deep tissue in the acupoints.18 More and more clinical studies have used of WNM in AD, this study mainly conducted a systematic review and meta-analysis of related randomized controlled trials (RCTs) to evaluate the effect of WNM in the treatment of AD.
Methods
Search strategy
[bookmark: OLE_LINK79][bookmark: OLE_LINK78][bookmark: OLE_LINK90][bookmark: OLE_LINK57][bookmark: OLE_LINK39][bookmark: OLE_LINK91][bookmark: OLE_LINK33][bookmark: OLE_LINK20]This systematic review utilized the Chinese National Knowledge Infrastructure (1915-), Wanfang (1998-), VIP(1989-), Chinese Biomedicine databases (1978-), PubMed(1950-), Web of Science (1900-), Cochrane Library(1948-), Embase (1974-), EBSCOhost(1922-), and OVID(1996-) databases to search related articles, including those in English and Chinese, from the date of publication until 1st May 2021. The search strategy used the combination of subject words and free words, which were determined after repeated rechecking. The search terms in the English and Chinese literature were warm acupuncture (温针), warming needle moxibustion (温针灸), dementia (痴呆), Alzheimer’s disease (阿尔兹海默症), etc. 
Inclusion and exclusion criteria
[bookmark: OLE_LINK16][bookmark: OLE_LINK17][bookmark: OLE_LINK22]Inclusion criteria: (1) RCTs; (2) patients with clinically diagnosed AD; (3) the control group received acupuncture, drug treatment, etc, while the intervention of the experimental group was to use WNM or add WNM to the intervention of the control group; (4) Outcome indicators included the assessment criteria of cognition, daily living ability, AD symptoms, and total effective rate, etc.
Exclusion criteria: (1) the control group had WNM intervention; (2) animal experiments, reviews, case studies or experience reports, etc; (3) documents of repeated studies or data; (4) for materials lacking data or information, contacting the author via e-mail still can not obtain and confirm this information.
[bookmark: OLE_LINK18]Study selection and data extraction
[bookmark: OLE_LINK19]According to the inclusion criteria, two researchers screened the retrieved documents separately, eliminated irrelevant studies, the self-designed data collection form used to extract information from the studies included: publishing related information and the characteristics of study (diagnostic criteria, the number of participants, the treatment plan of the control group, the treatment plan of WNM, such as the number of interventions per week, duration and efficacy indicators, etc.). In the event of disagreements, the investigators discussed with each other or turned to a third researcher to determine the qualifications of the studies. 
Risk-of-bias
[bookmark: OLE_LINK92]We assessed the risk of bias in the following categories of studies using the Cochrane Intervention systematic Review Manual 5.1.0.19 The evaluation was performed with the generation of random sequences, allocation concealment, blindness, integrity of result data, and selective reporting. The risk of bias in each study was independently assessed by two researchers, cross-examined the results, and judged whether they were high-risk, low-risk, or ambiguous based on the design and implementation. When there were differences or discrepancies in the quality evaluation process, a third researcher was responsible for verification and correction.
Statistical analysis
Statistical heterogeneity tests and combined data analyses were performed using the Cochrane RevMan software (version 5.4). The count data were presented as odds ratio (OR) and the measurement data were presented as the mean difference (MD). The studies I2≤50% were considered homogeneous and were analyzed using a fixed effect model. When I2>50%, it is considered that there is heterogeneity between the studies, and the random effects model is adopted and sensitivity analysis was used. A P<0.05 is statistically significant.
Results
Search results
[bookmark: OLE_LINK104]A total of 232 potentially relevant studies were retrieved from the 10 electronic databases. 10 articles were deleted due to duplication. After reading the titles and abstracts, 212 irrelevant articles were excluded. 8 RCTs were included after reading the full text. Fig. 1 shows the studies selection process.
[bookmark: OLE_LINK6]Characteristics of included studies
[bookmark: OLE_LINK58][bookmark: OLE_LINK5][bookmark: OLE_LINK61][bookmark: OLE_LINK63][bookmark: OLE_LINK67][bookmark: OLE_LINK14][bookmark: OLE_LINK65]8 studies involved 524 AD patients between the ages of 55 and 87. Except for 1 study25 that did not indicate the diagnostic criteria of AD, the diagnostic criteria of AD for the other studies are as follows: ①the National Institute on Aging-Alzheimer's Association (NIA-AA) (2011) diagnosis guidelines on AD,20,21,23,24 ②the diagnosis for AD developed by the National Institute of Neurological and Communicative Disorders and Stroke (NINCDS) and the Alzheimer’s Disease and Related Disorders Association (ADRDA) in 1984,22 ③ Clinical Dementia Rating(CDR),26,27 which is widely used globally to clinical diagnosis of AD and determine its severity. In 5 studies20-24 the intervention of the experimental group was to add WNM on the basis of the control group, the other 3 studies25-27 the control group were treated with drugs (such as Oxiracetam Capsules, Tabellae Piracetamum and Citicoline) and the experimental group was treated with WNM. The frequency of the WNM treatment was 5-40 minutes per day, 6 to 7 times per week. The duration of intervention was 4 weeks in 4 studies20-23 and 12 weeks in 4 studies.24-27 The indicators used to evaluate cognitive function mainly include Mini-mental State Examination (MMSE), Clinical Dementia Rating (CDR), etc. MMSE showed that the higher the score, the better cognitive function, and CDR showed that the lower the score, the better cognitive function.28,29 Assessment of daily living ability used the Activity of Daily Living Scale (ADL), the lower the ADL, the better the ability of daily living.30 The efficacy of AD was mainly evaluated by total effective rate and Syndrome Differentiation Scale of Dementia (SDSD) which is not only a standard for syndrome determination, it can also be used to evaluate the efficacy of syndrome.31 SDSD is applicable to clinical studies of all causes of dementia and the higher the score of the scale, the more symptoms of dementia. The specific characteristics of the included studies are shown in Table 1.
Methodological quality
The results of the risk-of-bias assessments of each included studies were shown in Fig. 2 and Fig. 3.
[bookmark: OLE_LINK42]Meta-Analysis
[bookmark: OLE_LINK35]Cognitive function
MMSE
[bookmark: OLE_LINK27][bookmark: OLE_LINK68][bookmark: OLE_LINK43][bookmark: OLE_LINK41][bookmark: OLE_LINK106][bookmark: OLE_LINK69][bookmark: OLE_LINK31][bookmark: OLE_LINK38][bookmark: OLE_LINK12][bookmark: OLE_LINK47]Five studies20-24 involving 300 participants described the cognitive function evaluated by MMSE, compared with the control group, the intervention of the experimental group was only added WNM. The meta-analysis results revealed that the MMSE scores for the WNM group were higher than those for the control group (MD=1.01, 95%CI: 0.13 to 1.90, P=0.03, I2=61%) (Fig. 4). The result showed that WNM can improve the cognitive function of AD.
CDR
[bookmark: OLE_LINK59][bookmark: OLE_LINK13]Two studies25,27 involving 150 participants used the CDR to assess the cognitive function, the intervention of the experimental group was WNM while the control group was treated with drugs. The meta-analysis results revealed that the CDR scores for the WNM group were lower than those for the control group (MD=-0.73, 95%CI: -0.84 to -0.61, P<0.00001, I2=0%) (Fig. 5). The result showed that WNM is more effective than drug therapy in cognitive function of AD.
[bookmark: OLE_LINK24]Activity of daily living
[bookmark: OLE_LINK28][bookmark: OLE_LINK30][bookmark: OLE_LINK36][bookmark: OLE_LINK103]Five studies20-23,26 involving 314 participants used the ADL to assess the activity of daily living. The meta-analysis results revealed that the ADL scores for the WNM group were lower than those for the control group (MD=-2.17, 95%CI: -2.78 to -1.55, P<0.00001, I2=87%) (Fig. 6). A sensitivity analysis for heterogeneity, the heterogeneity dropped to 0% after removing Liang TY26 study (MD=-2.67, 95%CI: -3.62 to -1.72, P<0.00001, I2=0%) (Fig. 7). The result indicated that WNM can effectively improve the activity of daily living of AD. Compared with the control group, the intervention of the experimental group was only added WNM in 4 studies,20-23 and the intervention of the experimental group was WNM while the control group was treated with drugs in only 1 study,26 that may be cause heterogeneity.
[bookmark: OLE_LINK34][bookmark: OLE_LINK29]Improvement of AD clinical symptoms
[bookmark: OLE_LINK44][bookmark: OLE_LINK118][bookmark: OLE_LINK45]Four studies20-23 involving 240 participants used the SDSD to assess the improvement of AD clinical symptoms, compared with the control group, the intervention of the experimental group was only added WNM. The result showed that compared with the control group, the WNM could effectively decrease the SDSD score of AD (MD=-2.67, 95%CI: -3.62 to -1.72, P<0.00001, I2=0%) (Fig. 8). The result showed that WNM can alleviate the clinical symptoms of AD patients.
[bookmark: OLE_LINK54]Total effective rate
[bookmark: OLE_LINK46][bookmark: OLE_LINK25][bookmark: OLE_LINK37]Eight studies20-27 involving 524 participants reported the total effective rate. The meta-analysis results revealed that the total effective rate for the WNM group were higher than those for the control group (OR=3.89, 95%CI: 2.49 to 6.09, P<0.00001, I2=0%) (Fig. 9). The result showed that WNM is more effective in treating AD than acupuncture or pharmacotherapy.
Adverse Events 
No adverse events were reported in any of the included studies. 
Discussion
[bookmark: OLE_LINK75][bookmark: OLE_LINK66][bookmark: OLE_LINK56][bookmark: OLE_LINK52][bookmark: OLE_LINK84][bookmark: OLE_LINK87][bookmark: OLE_LINK64][bookmark: OLE_LINK83][bookmark: OLE_LINK82][bookmark: OLE_LINK81][bookmark: OLE_LINK85]In this meta-analysis, we found that compared to acupuncture or drug treatments, WNM can increase MMSE score and decrease the score of ADL, CDR and SDSD which indicates that WNM can promote the rehabilitation of AD patients' cognitive function, improve their ability of daily living, and reduce the symptoms of dementia. The analysis of the total effective rate also shows that WNM has better rehabilitation effects on AD patients than acupuncture or other drug therapies. In short, WNM is more effective in the treatment of AD than acupuncture or pharmacotherapy.
[bookmark: OLE_LINK93][bookmark: OLE_LINK23][bookmark: OLE_LINK116][bookmark: OLE_LINK117][bookmark: OLE_LINK94]There were a lot of studies have shown that acupuncture is effective in treating AD, which can exert curative effect by regulating many aspects in the pathological process of AD. One of the main pathological features of AD is the accumulation of Aβ amyloid in the brain, and the activation of AMP-activated protein kinase (AMPK) can inhibit its accumulation in the brain.32 AMPK can be activated by acupuncture at the GV14 (Dazhui) and BL23 (Shenshu) points of insenescence-accelerated mouse prone 8 (SAMP8) mice, thereby inhibiting the accumulation of Aβ.33 Liu34 found that acupuncture at GV20 (Baihui) and GV24 (Shenting) improved the cognition of rats with cerebral ischaemia-reperfusion injury by modulating the expression of the Bcl-2 family. Zheng35 used functional magnetic resonance imaging (fMRI) to assess the effect of acupuncture on the functional connectivity of AD, and the results of the study showed that acupuncture can induce significant regional changes with AD, including the increase and decrease of spontaneous brain activity and the enhancement of hippocampal connectivity.
[bookmark: OLE_LINK86][bookmark: OLE_LINK9][bookmark: OLE_LINK77][bookmark: OLE_LINK95]WNM is a traditional Chinese medicine therapy that combines acupuncture and moxibustion with a history of more than two thousand years.17 WNM not only includes the effect of acupuncture, but also combines the warming effect of moxibustion. Moxibustion usually uses burning moxa to bake the acupoints.36 The heat, radiation and pharmacological effects of moxibustion combustion products are the main mechanisms involved in modern moxibustion research.37 The essence of moxibustion is to stimulate the skin receptors of the human body to adjust the functions of the viscera and meridians.38 Aum's review summarized that the curative effects of moxibustion on cognitive impairment, and the mechanism might include the inhibition of oxidative stress and apoptosis, regulation of inflammation and Aβ genesis, regulation of the tricarboxylic acid cycle metabolites and fatty acid metabolism, and enhancement of vascular endothelial growth factor activity.39
WNM can make the stimulating effect of acupuncture and the warming effect of moxibustion complement each other. The key to WNM therapy is that the heat generated by moxibustion is transmitted along the needle body to the lesion site and thus has a certain effect40. Therefore, WNM combines the dual advantages of acupuncture and moxibustion. Acupuncture can help moxibustion reach deep tissues, moxibustion can increase the effect of acupuncture on points and meridians, and use warm stimulation to strengthen the sense of acupuncture. Our systematic review also confirms that WNM had better efficacy than acupuncture in improving AD.
Limitations and suggestions for future research 
[bookmark: OLE_LINK73]There are several limitations on this study. Firstly, the number of studies included is limited, and the quality of studies is general, which limits the strength of argumentation to a certain extent. Secondly, the diagnostic criteria for AD are not uniform, and the frenqency and duration of WNM in each study were different, which might affect the results of this study. Lastly, there is a lack of follow-up data to assess long-term efficacy. 
Conclusions
[bookmark: OLE_LINK72] This systematic review comprehensively evaluated the rehabilitation effect of WNM on AD patients. WNM has significant effects on improving the cognitive function, daily living ability, and reducing the symptoms of AD. It is suggested that the research team should conduct a rigorously designed large-sample RCTs in the future, further explore the specific intervention methods of WNM, formulate unified standards, and promote the promotion and application of WNM in the treatment of AD.
Conflict of interest 
The authors have declared no conflict of interest. 
Author contributions
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Figure Legends
Fig. 1 Literature Screening Process
Fig. 2 Risk-of-bias graph
Fig. 3 Risk-of-bias summary
Fig. 4 MMSE after WNM
Fig. 5 CDR after WNM
Fig. 6 ADL after WNM
Fig. 7 ADL after WNM（Sensitivity analysis）
Fig. 8 SDSD after WNM
Fig. 9 Total effective rate after WNM
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